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PEBFAOE
TO

THE SEVENTH EDITION.

This Dictionary of Arts, Manufactures, and Mines passed through

four Editions during the lifetime of Dr. Andrew TJrb ; and this is the

third Edition which has been required by the pubKc, since, in 1858, it

was committed to my care.

These volumes have received the same unrelaxing attention, to

every detail, which was bestowed upon the previous Editions, and

which secured for them the confidence of the manufacturer, the

miner, the metallurgist, and the general public.

Every division of the Arts, each special process of Manufacture,

and all the branches of Mining, have been most cautiously examined,

and such improvements, as have been proved to be of real utility,

have been recorded in all necessary detail. This has led to an increase

in the size of the volumes, to the rejection of many articles which

had, with the progress of advancing knowledge, become obsolete, and
to the curtailing of others which were of less importance than the

new ones which it was necessary to introduce. The more important

articles have been, for the most part, rewritten, and all of them
subjected to a critical revision, while many entirely new articles have
been introduced. It is needless to particularise these, since the most
hasty comparison between the volumes of the last Edition, and those
of the present one, wiU at once render the new and the amended
articles sufficiently obvious.

The type for the whole of the work has been entirely reset, and
nearly two hundred woodcut illustrations have been added.
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The list of contributors will show to whom we are indebted for the

technical articles which distinguish this Dictionary ; and the articles

themselves will give evidence of their having been treated, in all cases,

by men who are thoroughly experienced in the processes which they

have described. When the initial letters at the end of the articles do
not indicate the authors of them, I am directly responsible for them.

In a work treating of the useful applications of Science, it became

necessary to introduce such portions of those sciences, which have

been economically useful to man, as would render the processes

described sufficiently intelligible to all readers, and show the aid

which has been rendered by scientific enquiry. Therefore, several

divisions of Physics, Chemistry, Geology, and Mineralogy, are suc-

cinctly dealt with. Of Chemistry, it should be remarked, that the

very rapid advances of discovery in that science, have involved a

revolution in the mode of viewing the constitution of bodies, and

necessitated the construction of a new mode of expressing that

constitution. During the transition period, there naturally arises

much difficulty in determining with exactness the formulae which

shall correctly express the composition of a compound. This natural

difficulty has been aggravated by the unfortunate introduction of

hypothetical views respecting the constitution of compounds, and the

creation of systems of notation which are constantly liable to some-

what capricious alteration. As this Dictionary is for the use of a

public which cannot be expected to be acquainted with each change

in the views entertained by the difierent schools of Chemistiy, it has

been thought desirable to retain the formulae with which they have

been long famihar, and to give in another (black) type the formulae

which have been adopted by most modem chemists.

It will be observed that in some cases the Imports and Exports of

productions used in the Arts or Manufactures, which were given in the

former Editions, do not appear in the present one. This arises from

the impossibility of obtaining them: the Custom House authorities

now entering a large number of articles under the head of ' TJnenume-

rated,' which were formerly given in detail. This is much to be

regretted, since it removes the power of tracing the progress of the

special use, or industry, to which the article in question belongs.

To all those gentlemen who have favoured me with contributions my

best thanks are due. I have, however, to express my obHgations more

especially—to Mr. Higqin, whose article on 'Calico Printing' gives a

more satisfactory description of that industry than any other to be
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found in any language ; to Mr. Hjlary Bauerman, who has brought

tho articles ' Iron ' and ' Steel ' up to the most recent date, and to a

condition of great completeness; and to Mr. John Darlington, who

has submitted to a complete revision all the articles connected witli

Mining. Of the latter it may be safely said, that they, taken collec-

tively, form a description of the modes of obtainmg and of preparing

the useful minerals for the market such as is not to be found in any

other work in the English language.

My obligations to Mr. E. W. Rudler, who has assisted mc in my

heavy labours of producing these volumes, are great. During a period,

when the disturbed condition of my health rendered it even dangerous

for me to giVe any prolonged fixed attention to the Dictionaiy, that

'

o'eutleman, with almost enthusiastic zeal, devoted his best energies to

the tedious details of the work, and gave me all the advantages of his

o-eneral and exact knowledge.

With the aid that has been received, and the attention which has

been bestowed on this work, I feel that it may with confidence bo

commited to the public, believing that it will be found a useful guide

in all those industries which are connected with the Arts, Manufac-

tures, and Mines,

April 27, 1875.

ROBERT HUNT, F.R.S.





Omissions.

e 157 insert AMVlAiailffB. See Watts's ' Dictionary of Chemistry.'

203 „ ABACUa:. A natural order of monocotyledonous plants, to wmen

the genus Arum gives the name.

1008 COW TREE. The milk tree of Demerara.

CRAB Oil.. An oil obtained in South America, from the seed of

the Carapa Gidnanensis.





Errata

m. line 27, /»• 5 pints caustic »cid 5 pints caustic soda

658, „ 61, ,.
80° T. re«d 30° T.
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AAA. A red dye used in Central India for imparting a permanent colour to the
native cotton cloth. It is yielded by the roots of the Morinda citrifolia, a small tree
belonging to the Bubiacew, or madder . order. Professor T. Anderson has obtained
from the aal root a pale yellow crystalline substance -which he calls morindin, and
this when subjected to distillation yields a crystalline sublimate termed morindone.
It has been found that this morindone is identical -with alizarine, one of the colouring
principles of madder ; and it is conjectured that the morindin may correspond "with
riiberythric acid.

ABA. A woollen stuff manufactured in Turkej'.
ABACA. A species of fibre obtained in the Philippine Islands in abundance.

Some authorities refer those fibres to the palm-tree known as the Abaca, or Anisa
textilis. There seem, indeed, to be several well-known varieties of fibre included
under this name, some so fine that they are used in the most delicate and costly
textures, mixed with fibres of the pine-apple, forming Pina muslins and textures equal
to the best muslins of Bengal. Of the coarser fibres, mats, cordage, and sail-cloth are
made. M. Duchesne states that the well-known fibrous manufactures of Manilla have
led to the manufacture of the fibres themselves, at Paris, into many articles of furniture
and dress. Their brilliancy and strength give remarkable fitness for bonnets, tapestry,
^rpets, network, hammocks, &c. The only manufactured articles exported from the
Philippine Islands, enumerated by Thomas de Comyn, Madrid, 1820 (transl. by
Walton), besides a few tanned bufifelo hides and skins, are 8,000 to 12,000 pieces of
light sail-cloth, and 200,000 lbs. of assorted abaca cordage.
ABZCHXTE. An arsenate of copper found occasionally in the copper mines of

Lornwall and of the Hartz. It usually consists of 54 per cent, of protoxide of copper
and 30 per cent, of arsenic acid, with water.
ABZBS {in Botany). The fir ; a genus of trees which belong to the coniferous order,

Iheso trees are well known from their ornamental character, and for the valuable
timbcr_ which they produce. They yield several resins or gum-resins, which are
useful in the arts.

Abies Baisamea. The Bahn of Giload fir. It is a native of Canada and Nova
bcotia; it produces the Canada Balsam. This elegant tree grows most abundantly
in the colder regions of North America. (See Canada Baxsam).

Abies Cedbus {Cedrue Libani.. The Cedar. It is a native of Mount Lebanonand the range of Mount Taurus. Cedar wood is said to be very indestructible and

C^^* Wood
manufacture of ornamental boxes, on account of its odour.' See

Abies Excema of Do CandoUo {Pinus abies of Linnaeus). The Norway Snruce fir

Eu?o'r'"'T?''-'ir''^"°-°^
Germauy, Kussia, Norway, and other paXof Khor«Europe. It yields -a resmous exudation known as Erankincensc or Thus while thnVood foms the ' White Deal ' of the carpenter. The well-known BurguVp^h SB
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proparod from the rosin obtained from tliis tree. Soo Buhgukdy Pitch ; Fxjank-
IXCENSK.

_

AiiiES Lahix {LarLv europeea). Tho Common Larcli, producing the Venice Turpen-
tine, and a Aauna called Brian(,'on Manna wliich exudes from tho leaves. See Venick
Turpentine.

Abies Niqra. Tho Black Spruce fir, indigenous to tho most inclement regions of
North America. A considerable quantity of tho essence of spruce is extracted from
tho young branches of this tree ; it is, however, also obtained from other varieties of
the spruco fir. Soo Sphtjcb Essence.

Abies Picea of Linnaeus {Abies peciinaia of Do CandoUe). Tho Silver fir, pro-
ducing tho true Strasburg turpentine. See Turpentine.

Of tho woods of those trees tho following quantities were imported in 1871 :

—

Hewn Fir,
Loads £

From Eussia . 187,619 378,676
Sweden . . . 228,980 398,326

„ Norway . 226,197 352,837

„ Germany . 297,633 682,489

„ France . 57,641 60,121

„ United States of America . 109,630 364,437

„ British North America . 343,271 1,319,174

„ Other Countries . . 2,700 6,732

Total . . 1,463,571 3,661,792

Sawn or Split, Planed or Dressed, Fir.

From Eussia . . . . 479,575 1,155,870

„ Sweden . 906,280 1,913,357

„ Norway . . , . 435,408 924,757

„ Germany . 59,767 137,383

„ United States of Amenc-a . 37,847 121,909
* „ British North America . 692,824 1,809,199

„ Other countries . . 4,172 8,777

Total . . 2,615,863 6,071,252

ABXSTEIVE. This hydrocarbon is the product of distillation of tho tercbin-

thinate exudation of a coniferous tree indigenous to California, viz., the Pinna

sabiniana, a tree met with in the dry sides of the foot hills of tho Sierra Nevada

mountains, and locally known as the nut-pine or digger-pine, on account of the edible

quality of its fruit. A gum resin, or rather balsam, is obtained from this tree by

incisions made in its wood, and the balsam is submitted to distillation almost imme-

diately after it has been collected, owing to the great volatility of the hydrocarbon

(or essential oil, because abietene really stands in the same relation to the balsam

alluded to, as oil of turpentine stands to the exudation derived from other species

of Finns). The crude oil, as usually met with for sale at San Francisco, is a colourless

limpid fluid, requiring only to be redistilled to obtain it quite pure. Tho commercial

article is used imder different names, abietene, erasino, theoline, &c., for the removal

of grease and paint from clothing and woven fabrics, and likewise as an efficient

substitute for petroleum-benzine. Pure abietene is a colourless fluid, possessing a

str(jngly penetrating odour, bearing some resemblance to. oil of oranges; _sp. gr. at

16-5° = 0-694: it is very volatile, highly combustible,. burning with a brilliant white

smokeless flame, almost insoluble in water, and soluble in 5 parts of alcohol at 95 per

cent. Abietene is not acted upon by dry hydrochloric acid gas nor by nitric acid (sp.

gr =1-43) in the cold, but heat being applied, a slight reaction takes place
;
neither

concentrated sulphuric acid nor potassium acts upon this liydrocarbon ;
when treated

with chlorine, abietene is converted into fluid of the consistency of-glycerine, insoluble

in water, colouriess, soluble in warm alcohol, and ha^-ing a sp. gr. = 1-666. Abietene

readily dissolves iodine and bromine, and is a powerful solvent for fixed and volatilo

oils, castor oil excepted, and also Peruvian balsam and Canada balsam ;
castor oil is

absolutely insoluble in abietene, wliilo, curiously enough, tho last-named substance is

dissolved by castor oil to some extent. When burned in an ordinary spirit-lamp with

not too largo a flame, a brilliant white light is obtained without smoke :
the vaixnir of

abietene is a powerful anaesthetic when inhaled, and it has been used with success as

an insecticide against motlis, &c., when sprinkled in closed receptacles.

ABIETIM-. A pale yellow, transparent, viscid exudation from the Mm puxa.

It contains 36 por cent, of a volatilo oil of an agrooablo smell, combined with a
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resin, and a small quantity of tho acid of amber, as well as the peculiar body called

abictin.

ABlBTTEjorABlE, isanamogiven to several species of fisli, but particularly

to the Bleak, tho scales of -which are employed for making the pearl essence which is

used in tho manufacture of artificial pearls. See Peabls, Artificial.

ABRASION". The figuration of materials by wearing down tho surface. In

general, the abrasive tool or grinder is exactly a counterpart of the form to be pro-

duced ; thus, for plane surfaces a flat grinder is employed, and for concave surfaces a

co'nvex grinder.

ABRAVIVX SAXiTS {{Abraiivisalze, Ger., 'Salts to be removed'). Towards tho

upper part of the great salt deposits now extensively worked at Stassfurt, in Prussia,

the chloride of sodium becomes largely mixed with certain salts of potassium and
magnesiiim, representing the more soluble compounds which remained dissolved in

the mother liquor after the greater part of the chloride of sodium had been separated

by crystallisation. These mixed salts were formerly regarded as wortliless, and were
hcnco termed Abrauinsalze. Indeed the workings at Stassfurt having been originally

undertaken wdth the view of procuring common rock-salt, it was naturally considered

unprofitable to bore through the thick beds of impure salt before reaching tho

underlying deposit of purer chloride of sodium. The high commercial value of these

so-called Abraumsalze is now, however, fully recognised ; and at the present time
they are employed on a very large scale for the production of chloride of potassium.
In addition to the rock salt, the chief constituents of the Abraumsalze are the

minerals Imown as CarnaUite, a double chloride of potassium and magnesium
;
Sylvine,

or chloride of potassium ; and Kicscrite, or sulphate of magnesia. Similar deposits
of salts are worked at Kalucz, in Hungary. See Potassium, Chioiiidb of.

ABRXrs PRECATORXA. The seeds, often strung together as rosaries and
necklaces, are well known as ' Prayer Beads.' They are of a brilliant scarlet colour,

with a black spot on one side, and are hence termed ' Crabs' Eyes.' In India, they
are used by druggists and jewellers as weights, the seeds weighing uniformly about
one grain each. The Abrus belongs to the Leguminoscs, or Pea-order.
ABSIIVTB. A liquor flavoured with wormwood {Artemesia absinthium. Natural

Order Composit^) and other species containing the bitter principle termed absinthine.
To prepare absinth the leaves and flower-heads of the wormwood are steeped in spirit
somewhat above ' proof for several days, with other aromatic and stimulant herbs

—

such as angelica root. Calamus aromaticus, aniseed, dittany leaves and wild marjoram.
The liquid is then distilled, and the green essence thus obtained is mixed with certain
aromatic extracts. A brilliant tint is obtained by the use of indigo and other
vegetable colouring matters : sulphate of copper is said to have been employed for
this purpose ; and it is also asserted that the liquor is occasionally adulterated with
chloride of antimony in order to produce a characteristic milkiness.

Absinth is largely prepared in Switzerland, especially in the canton of Neufch^tel

;

and indeed the strongest liquor is often known in trade as ' Swiss absinth,' though it
niay not have been prepared in Switzerland. Of lato years, it has been drunk
immoderately in France, and large quantities are also consumed in America. Certain
Pronch physiologists have alleged that the essential oils in absinth act as an energetic
poison, especially affecting the nervous system; other authorities attribute the
injurious effects of absinth-drinldng to the Calamus aroviaticus said to be used in its
preparation

;
whilst others again maintain that the effects are merely those which

follow the long-continued use of any strong alcoholic liquor—excepting, of course, the
poisonous action of any copper-salts which may be present in adulterated absinth.
ABVSSlXTXAXr GOI.B. A yellow metal of a flne colour if properly prepared,

it IS an alloy of 9074 pa,rts of copper and 8-33 of zinc. The ingot is plated on one
siclc with a thin plate of gold, and it is then rolled out into sheets, from which articles
of jewellery are formed in the usual way. The gold on the articles as sold varies from
0;03 to 1-03 per cent. This is also known as Talvii gold. The term Abyssinian Gold
as sometimes applied in trade to Aluminium Bronze. See Ai,TJMiNixnn Bronze.
ACACIA. (Lat. acacia, a thorn ; Gr. h.K=h, a point). Tho acacia is a very extensive

genus of trees, or shrubby plants belonging to the Lcquminos(P. or Pea-order The
acacias inhabit tho tropical regions generally, but extend in some instances into the
temperate zone; being found, for example, in Australia and the neighbourine
islands. Botanists are acquainted with nearly 300 species of the acacia, some ofthem yielding gum arabic and other gums known in commerce

; while others mve alarge quantity of tanmn, especially a species which grows in Van Diemen's llnd or

V^^TX T °. ^f^''''- "T" '^ ^ '"^^^^ Af"ca from Senegal to^gypt; l\iGA. Arabwa is found in tho same countries and in India;, tho A Karoo

found^in aI-
«f Good Hope producing the Cape gum ; A. gummifera is chieflylound in Afnca near Mogador A. Seyal m Scnegambia; A. Mills grows in the

B 2
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Dosort, as does also A. Ehrcnbergii, their gums being collected by the Bedouin Arabs

;

and A. Senegal grows in Arabia and Africa, from Senegal to the Capo of Good Hope,
Soo Arabic, Gum ; Gum,
ACACXil. CATECHU. The catechu acacia {Mimosa catechu of Linn^us) is a

tree with a modoratoly high and stout stem, growing in mountainous places in various
parts of India. Its unripe pods and wood, by decoction, yield the catechu. This
kind of catechu is known under the name of Kutch or Cutch, and must not be con-
founded with the official catechu {Catechu pallidum). This catechu is imported in
large masses of 1 cwt. and upwards. It is used in the preparation of some leathers
and by dyers. See Catechu.
ACACinr. A name for common Gum Arabic.
ACAJOU (BOZS !>'). The French name for mahogany. See Mahogany.
ACABOXD RESIN*. A resin sometimes called Botany Bay resin, produced by

a liliaceous tree growing in New Holland. It contains benzoic and cinnamic acids,

which give it, especially when burnt, a grateful odour,

ACESCEXTT. Substances which have a tendency to pass into an acid state ; as

an infusion of malt, &c.

ACETAI.. C'-H'^O', (C«H'<0'=). One of the products of the oxidation of

alcohol under the influence of oxygen condensed in platinum-black. Pieces of well-

cleaned pumice-stone are moistened with nearly absolute alcohol, and placed at the

bottom of a wide-mouthed flask, which is then filled with capsules containing

platinum-black, and exposed to a temperature of 20° Cent. (67" Fahr,), till the whole
of the alcohol is acidified. It is a colourless, mobile, ethereal liquid, boiling at 221° F,

Its density in the fluid state is 0"821 at 72°. The specific gravity of its vapour
4'138 Stas. (mean of three experiments) : calculation gives 4'083 for four volumes
of vapour. The researches of Wurtz render it evident that the construction o^

acetal is quite different from what has generally been supposed, and that it is

in fact glycole in which two atoms of hydrogen are replaced by two of ethyle.

—C. G. W.
ACETATE. {Acetate, Fr.

;
Essigs'dure, Ger.) Any saline compound in which

the acid constituent is acetic acid. All acetates are soluble in water; the least

soluble being the acetates of tungsten, molybdenum, silver, and mercury. The
acetates, especially those of lead and alumina, are of great importance in the arts.

The acetates are all described under their respective bases ;—a rule which will be

adopted with all the acids. See Acid.

ACETIC ACID. {Acidc acetiguc, Fr. ; Essigs'dure, Ger. ; Acidum aceticum,

Lat. ; Eiscl, Sax.) The word 'acetic' is derived from the Latin acetum, applied to

vinegar
;

probably the earliest known body possessing the sour taste and other

properties which characterize acids ; hence the term Acid, now become generic ; both

the Latin word, and also the Saxon acid, being from the root acies (Greek a.K^), an

edge or point, in reference to the sharpness of the taste.

Vinegar must have been known from the most remote periods of antiquity. It is

mentioned by Moses.' Hippocrates employed it in medicine under the name o|i»s.*

Hannibal, in his passage over the Alps, is said to have softened the rocks by fire and

vinegar.' It was known to the alchemists in the more concentrated state in which

it is obtained by the distillation of acetate of copper (verdigris) ;
being mentioned

both by Geber * and Stahl.

Crystallised acetic acid was first obtained by Westendorff ' and Lowitz.*

Acetic acid exists in nature only in the organised kingdoms, or as a product of the

oxidation of organic bodies. According to Vauquelin and Morin it is found in the

juices of certain plants, and it probably exists in certain animal fluids,

Gmelin and Geiger state that it has been found in mineral waters, which is quit«

possible, having been derived from the decay of organic matter originally present

Acetic acid is produced either by the oxidation, or the destructive distillation of

organic bodies containing its elements—carbon, hydrogen, and oxygen.

The oxidation of organic bodies, in order to convert them into acetic acid, may be

effected either—1, by exposing them in a finely divided state to the action of air or

oxygen gas ; 2, by submitting them to the action of ferments in the presence of a

free supply of atmospheric air ;
or, 3, by the action of chemical oxidising agents.

When acetic acid is procured by the oxidation of organic bodies, it is generally

alcohol that is employed ; but by whatever process alcohol is transformed into acetic

acid, it is always first converted into an intermediate compound, aldehyde ;
and this

' Numbers, vi. 3. ' De Nntura MuUcbri.
» Liyy. * Investigation of Perfection.

» WesteiulorfF, Diss, do Opt. Acet. Cone. Gottenburg, 1772.

" towitz, Allgem. Journal von Likerer, III. 000.
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'

1 1.^^^ U ia (Iflsirable aWavB to effect the oxidation as completely

J:KpSfj:fp~ oLlcohol by the evaporation of this

aldehyde.
^^^^.^^ (C^H»0)

Aldehyde „ C^H^OMC^H^O
Acetic acid C^H^O* (C^H^O^

The process, therefore, consists first in the removal two aton^^^^^^^^^^

SSnSfSShyt^ ::^:^'^o%X£ convert it into acetic acid.

^'bvSeStion of alcohol, pure acetic acid is obtained : but the vinegars of com-

JVt'^^Ts o1 the pu^eUic acid with wat.r
;

with
^^^Zon^^'t^^

colouring matters ; with certain ethers (especially the acetic ether), upon wmcn tneir

agreeable aromatic flavour depends ;
with empjreumatic &c.

, . , ,

The pure acetic acid (free from water and other ^"^P^^ies) may be obte^^^

advantLeouslv according to Melsens,i ty distilling pure acetate of potesH witn an

e^rs ofaceS'acfd been obtained by the redistillation of ordinary acetic

S procred eitSer by oxidising alcohol, or by the destructive ^Uati<)n of wood) :

the add which first passes over contains water ; but finally it is obtained free.

%TieHi^"y^JAcetic Acid.-^^^ absolutely pure, acetic acid is a co ourless

Uquid of specific gravity 1-064, which at temperatures below 62° P. (17

Sfies into a colorless crystalUne mass It has strongly acid propertie^^^^^^^

powerfully corrosive as many mineral acids, causing vesioition when applied to the

skin ; and it possesses a peculiarly pungent, though not a disagreeable smoU

The vapou?of the boiling acid is highly combustible, and burns ^th a ^ue flame

Hydrated^cetic acid dissolves camphor, gliadine. resins t^e fibnne of Wood and

several organic compounds. When its vapour is conducted through a slightly

ignited porcelain tube, it is converted entirely into carbomc acid and acetone an atom

of the acid being resolved into an atom of each of the resultants. At a white heat

the acid vapour is converted into carbonic acid, carburetted hydrogen, and water.

It attracts water with great avidity, mixing with it in all proportions. Its solution

in water increases in density with the increase of acetic acid up_ to a certain point

but beyond this point its density again diminishes. Its maximim density being

1-073, and corresponding to an acid containing C^H^0^ + 2Aq, which may ^e ex-

temporaneously produced by mixing 77-2 parts of crystallised acetic acid with 22 8

parts of water. This hydrate boils at 104° C. (219° F.). whilst the crystallised acid

boils only at 120° C. (248° F.)*
.-u r v ^ -r^.A

The proportion of acetic acid in aqueous mixtures may therefore be ascertained,

within certain limits, by determination of the specific gravity. See Acetimetey.

The following Table, by Hohr, indicates the per-centage of acetic acid in imxtures

of diSerent specific gravities ; but of course this is only appUcable in cases where no

sugar or other bodies are present which increase the specific gravity :—

Abstract of Mohr's Table of the Specific Gravity of Mixtures of Acetic Acid and

Water.^

Per-centage of Acetic
Acid, C* H* 0*

Density
Per-centage of Acetic

Acid. C* H* 0*
Density

100 1-0635 45 1-055

95 1-070 40 1-051

90 1-073 35 • 1-046

85 1-073 30 1-040

80 1-0735 25 1-034

75 1-072 20 1-027

70 1-070 15 1-022

65 1-068 10 1-015

60 1-067 5 1-0067

55 1-064 1 I'OOl

50 1-060

' Comptes Ecndns, xix. Gil. '' Gorhardt, Chimie Organiquc, I. 718.
= Mohr, Ann. der Chem. und Phar. x:txl, 227,
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Which numbers closely agreo with those obtainotl by Dr. Vro—

Acid

TOO
98

96
94
92
90
88
86
84
82
80

78

Bp. Gr.

1'0G20

1-0G50
1-0680

1-0700

1-0716

1-0728

1-0730

1-0735

1-0738

1-0740

1-0750

1-0748

Acid Sp. Gr. Acid Bp. Or.

76 1-0743
1 0617

74 1-0740 Ml
1 OOOil

72 1-0733 ^0
70 1-0726 A.(\ 1-0512
68 1-0716 35 1-0459
66 1-0712 30 1-0405
64 1-0701 25 1-0342
62 1-0687 20 1-0282
60 1-0675 16 10213
58 1-0665 10 1-0147
56 1-0647 8 1-0075
54 1-0634

Acetic acid was formerly (and is still by some chemists) viewed as the hydrated
teroxide of a radical, Acetyl. (C* H^) 0', HO

Acetyl.

And therefore an anhydrous acetic acid, 0', was supposed to exist. Many
attempts have been made to isolate this anhydrous acetic acid 0* 0^ ; and a body
which has received this name has been obtained by Gerhardt,' by the double decom-
position of chloride of acetyl and an alkaline acetate, thus

—

C<H3(0-C1) + KO-C^ffO' = C''H»0« + K CI

Chloi-ide of

acetyl.
Acetate of
potasb.

(So-caUed)
Anhydrous
acetic acid.

Chloride of

potassium.

This body Gerhardt describes as a colourless liquid having a strong smell of acetic
acid, but associated with the flavour of hawthorn blossom, having a specific gravity
of 1-073, and boiling at 137° C. (278° F.)

;
falling in water in the form of oily drops',

only dissolving on gently heating that fluid. It is, however, not anhydrous acetic

acid, but a compound isomeric with the hypothetical anhydrous acetic acid C* 0",

containing, in fact, double the amount of matter, its formula being C H* 0'. See
Isomerism.

The impure varieties of acetic acid known as vinegar, pyroligneous acid, &c., are
the products met with in commerce, and therefore Qiose require more minute de-
scription in this work.

Before describing the manufacture of these commercial articles, it may be in-

teresting to allude to a method of oxidising alcohol by means of spongy platinum

;

which may yet meet with extensive practical application. It is a well-known fact

that spongy platinum {e.g. platinum black), from its minute state of division, condenses

the oxygen of the air within its pores ; consequently, when the vapour of alcohol

comes in contact with this body, a supply of oxygen in a concentrated state is pre-

sented to it, and the platinum, without losing any of its properties, efifects the

combination between the oxygen and the alcohol, converting the latter into acetic

acid.

This may be illustrated by a very simple experiment. Place recently ignited

spongy platinum, loosely distributed on a platinum-gauze, at a short distance over a
saucer containing warm alcohol, the whole standing under a bell-glass supported by
wedges on a glass dish, so that on removing the stopper from the bell-glass a slow

current of air circulates through the apparatus ; the spongy platinum soon begins to

glow, in consequence of the combustion going on upon its surface, and acetic acid

vapours are abundantly produced, which condense and run down the sides of the

glass. The simultaneous formation of aldehyde is, at the same time, abundantly

proved by its peculiar odour.

In Germany this method has been actually carried out on the large scale, and, if it

were not for the high price of platinum and the heavy duty on alcohol, it might bo

extensively employed in tliis country on account of its elegance and extreme simpli-

city, See AcETAL.

' Comptcs Rendns, xxxiv. 705.
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The processes employed for the manufacture of Acetic Acid, which is principaUy

lisod in the arts, and tlioso for tho production of Vinegar, which is chiefly for domestic

use, are widely different and carried on in separate works ;
they will, therefore, be best

described under their respective heads.

Manufactube of Acetic Acid (Pyholigneocs Acid).

A.

—

By destructive distillation of Wood.

The general nature of the process of destructive distillation will be found detailed

under the head of Distillation, destructive ; as well as a list of products ot tlie

rearrangement of the molecules of organic bodies under the influence of heat in closed

vessels. We shall, therefore, at once proceed to the details of the process as speciaUy

applied in the manufacture of acetic acid from wood.
_ -u

• •

The forms of apparatus very generally employed on the Continent for obtaining

at the same time crude acetic acid, charcoal, and tar, are those of Schwartz and

Eeichenbach ; but in France the process is carried out with special reference to the

production of acetic acid alone.

The following is a description of that in use at Nuits and Eouen :—
j ^ •

Into large cylindrical vessels (Jiff. 1) made of rivetted sheet iron, and having

at their top and side a small sheet-iron cylinder, the wood intended for making

charcoal is introduced. To the upper part of this vessel a cover of sheet iron, b, is

adapted, which is fixed with bolts. This vessel, thus closed, represents, as we see,

a vast retort. When it is prepared, as we have said, it is lifted by means of a swing

crane, c, and placed in a furnace, d {fiff. 2), of a form

relative to that of the vessel, and the opening of the

furnace is covered with a dome, e, made of masonry

or brickwork. The whole being thus arranged,
_

heat

is applied in the fiirnace at the bottom. The moisture

of the wood is first dissipated, but by degrees the

liquor ceases to be transparent, and becomes sooty.

An adapter tube, a, is then fitted to the lateral cylinder.

This adapter enters into another tube at the same

degree of inclination, which commences the condensing

apparatus. The means of condensation"vary according

to the localities. In certain works they cool by means of air, by maldng thd

vapour pass through a long series of cylinders, or sometimes, even, through a

series of casks connected together ; but most usually water is used for condensing,

when it can be easily procured in abundance. The most simple apparatus employed

for this purpose consists of two cylinders, f f (Jig. 2), the one within the other,

and which leave between them a sufficient space to allow a considerable body of

water to circulate along and cool tho vapours. This double cylinder is adapted to

the distilling vessel, and placed at a certain inclination. To the fiLrst double tube,

F F, a. second, and sometimes a third, entirely similar, are connected, which, to save

space, return upon themselves in a zigzag fashion. The water is sot in circulation by
an ingenious moans now adopted in mapy different manufactories. From the lower
extremity, o, of the system of condensers, a perpendicular tube rises, whose length
should be a little more than the most elevated point of the system. The water,
furnished by a reservoir l, enters by means of the perpendicular tube through the
lower part of the system, and fills the whole space between the double cylinders.

When tho apparatus is in action, tho vapours, as they condense, raise tho temperature
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the apparatus. Tho disongagod gas is brought back, by means of iSpes m ^1 from

g one of the sides of tho
conduit to tho under
part of the ashpit of
tho furnace. These
pipes are furnished
with stopcocks, m, at
some distance in front
of the furnace, for
the purpose of regu-
lating the jet of tho
gas, and interrupting,

at pleasure, commun-
ication with the inside
of the apparatus.
The part of the pipes
which terminates in
the furnace rises per-
pendicularly several

inches above tho
ground, and is ex-

panded like the rose
of a watering-can, n.

The gas, by means of
this disposition, can
distribute itself uni-
formly under tho
vessel, without suffer-

ing the pipe which
conducts it to bo
obstructed by tho fuel

or the ashes.

Tho temperature
necessary to effect tho
carbonisation is not
at first considerable:

however, at the last,

it is raised so high
as to make the vessels

red hot ; and the
duration of the pro-

cess is necessarily

proportional to the

quantity of wood car-

bonised. Por a vessel

which shall contain

about 5 meters cube

(nearly 6 cubic j'ards),

8 hours of lire is sufficient. It is known that the carbonisation is complete by the

colour of tho flame of the gas : it is first of a yellowish rod ; it becomes afterwards blue,

when more carbonic oxide than carburetted hydrogen is evolved ; and towards tho end
it becomes entirely white,—a circumstance owing, probably, to the furnace being more
heated at this period, and the combustion therefore more complete. There is still

another means of knowing the state of the process, to which recourse is more
frequently had : that is the cooling of the first tubes, which are not surrounded with

water : a few drops of this fluid are tlirown upon their surface, and if they evaporate

quietly, it is judged that tho calcination is sufficient. The adaptor tube is then

unluted, and is slid into its junction pipe ; tho orifices are immediately stopped with

plates of iron and plaster loam. The brick cover, e, of the furnace is first removed
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by means of the swing crane, then the cylinder itself is lifted out and replaced imme-

dfatX by another one previously charged. When the cylinder which has been

Skeu out of the furnace is entirely cooled, its cover is removed, and the charcoal

£ emptied. Five cubic meters ofVood furnish about 7 chaldrons and a half of

'^Thetrbonisers of Eeichenbach and Schwartz are usually employed ^ith special

reference to the manufacture of wood-charcoal, the condensation of the volatile

products being only a secondary consideration.
. , „ . \„,,„„fanf„^„

In England the distillation of wood, with especial reference to the manufacture

of pyrolilneous acid, is generaUy carried out in large iron f«f ' P^^^^^^^^^^^^

zontollyin the furnace; the process, in fact, closely resembling the distillahon of

coal in the manufacture of coal gas, excepting that the retorte are generaUy larger

being sometimes 4 feet in diameter, and 6 or 8 feet long GeneraUy two or even

threj are placed in each furnace, as shown in fig. 3, so that the fire of the single

furnace, a, plays aU round them. The doors for charging the retorts are at one end A

(fig. 4), and the pipe for carrying off the volatile products at the other, c, by which

they are conducted, first to the tar-condenser, d, and finally through a worm m a

large tub, e, where the crude acetic acid is collected.
. .-u

Of course, in different locaHties an endless variety of modifications of the process

are employed. , i.
• „ „ „

In the Porest of Dean, instead of cyUndrical retorts, square sheet-iron boxes are

used, 4 ft. 6 in. by 2 ft. 9 in., which are heated in large square ovens.

Dr. Ure gives the following description of special works in Glasgow =—

The cylinders here employed are 6 feet long, and both ends project a little beyond

the brickwork. One end has a disk, or round plate of cast-iron, weU fitted and

firmly bolted to it, from the centre of which an iron tube, about 6 inches in diameter,

proceeds, and enters at a right angle the main tube of refrigeration. The diameter

of this tube may be from 9 to 14 inches, according to the number of cylinders. The
other end of the cylinder is called the mouth of the retort ; this is closed by a disc of

iron, smeared round its edge with clay-lute, and secured in its place by iron wedges.

The charge of wood for such a cylinder is about 8 cwt. The hard woods—oak,

ash, birch, and beech—are alone used in this manufactory—fir not being found to

answer. The heat is kept up during the day, and the furnace allowed to cool during
the night. Next morning the door is opened, the charcoal removed, and a new
charge of wood introduced. The average product of crude vinegar is 35 gallons.

It is much contaminated with tar, is of a deep brown colour, and has a specific gra-
vity of 1'025. Its total weight is therefore about 300 lbs. ; but the residuary charcoal
is found to weigh no more than one-fifth of the wood employed ; hence nearly one-
half of the ponderable matter of the wood is dissipated in incondensable gases.

With regard to the relative advantages of cylindrical retorts or square boxes,
it should be remarked, that the cylinders are more adapted for the distillation of the
largo billets of Gloucestershire and the refuse ship timber of Glasgow, Newcastle,
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and Liverpool

;
but, on tho other hand, whoro light wood is used, such as that eone-

rally carbonised in tho Welsh factories, tho square ovens answer better.An ingenious improvement in the manufacture of pyrolignoous acid was patented
some years ago by the lato Mr. A. G. Halliday, of Manchester, and adopted by
Boveral large manufacturers. Tho process consists in effecting the destructive
ciistiUation of waste materials, such as sawdust and spent dyewoods, by causing
tliem to pass in continuous motion through heated retorts. For this purpose the
niatorials which are almost in a state of powder, are introduced into a hopper, h

6}, whence they descend into tho retort, n, being kept all the while in constant
agitation, and at tho same time moved forward to the other end of the retort by
means of an endless screw, s. By tho time they arrive there the cliarge lias been
coraplotoly carbonised, and all the pyrolignoous acid evolved at the exit tube, i. The
residuary charcoal falls through tho pipe d into a vessel of water, vt, whilst tho vola-
tile products escape at f, and aro condensed in tho usual way.

Several of these retorts are generally set in a furnace side by side ; tho retorts aro
only 14 inches in diameter, and eight of those retorts produce in 24 hours as much
acid as 16 retorts 3 feet in diameter upon the old system. In the manufacturing
cbstricts of Lancashire and Yorkshire, where such immense quantities of spent dye-
woods accumulate, and have proved a source of annoyance and expense for their
removal, this process has afforded a most important means of economically converting
them into valuable products—charcoal and acetic acid.
Mention should also be made of Messrs. Solomons and Azulay's patent for em-

ploying superheated steam to effect the carbonisation of the wood, which is passed
directly into the mass of materials. Since the steam accompanies the volatile pro-
ducts, it necessarily dilutes the acid ; but this is in a great degree compensated for
by employing these vapours to concentrate the distilled products, by causing them to
traverse a coil of tubing placed in a pan of the distillates.

As regards the yield of acetic acid from the different kinds of wood, some valuable
facts have been collected and tabulated by Stolze, in his work on Pyroligneous
Acid :

—

One Pound of 'Wood

White birch

Eed beech

Large-leaved linden

Oak .

Ash .

Horse chestnut .

Lombardy poplar
White poplar

Bird cherry

Basket willow
Buckthorn .

Logwood . .

Alder
Juniper ,

White fir .

Common pine

Common savine .

Eed fir

Betula alba .

Fagus sylvatica .

Tilia pataphylla .

Quercus robur
Fraxinus excelsior

iEsculus hippocastanu;

Populus dilatata ,

Populus alba

Prunus padus
,

Salix .

Ehamnus
Haematoxylon campechianum
Alnus
Juniperus communis
Pinus abies

.

Pinus sylvestris .

Juniperus sabina

.

Abies poctinata .

Carbonate
of Fotassa

Weight neutralised Weight of
of Acid by One

Ounce of
Acid

Charcoal

ozs. grs. ozs.

7^ 55

7 54

6| 52 3S

6i 50 H
71 44 H
' 8 41 H
73
• R 40
73 39 H
7 37 3i

73
• 8 35 3|
7i 34 H
7i 35 2
73 30 3|

7i 29 3|

6| 29 3i
6| 28 3i

7 27 3i
6| 25 3^

Properties of the crude Pyroligneous Acid,

Tho crude pyroligneous acid possesses the properties of acetic acid, combined with

thoso of the pyrogenous bodies with which it is associated. As first obtained, it is

black, from the largo quantity of tar which it holds in solution ; and although certain

resins are removed by redistillation, yet it is impossible to remove some of tho cmpy-
reumatic oils by this process, and a special purification is necessary.

In consequence of tho presence of creosote, and other antiseptic hydrocarbons, in

tho crude pyroligneous acid, it possesses, in a very eminent degree, abti-putroscont
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T^roTDerties Flesh steeped in it for a few hours may be afterwards dried in the air

Sout corrui but it becomes hard, and somewhat leathex;.hke ;
so that this

^ode of p^esen^ati^n does not answer weU for butcher's meat. Tish are sometimes

cured with it.

Purification of Fyroligneous Add.

Tliis is effected either, 1st, by converting it into an acetate-acetate of lime or

soda-and then, after the pui-ification of these salts by exposure to heat suflacient to

destroy the tar, and repeated recrystaUisation, liberating the acid again by distilling

with a stronger acid, e.g. sulphuric.
. . , . ^ i.

Or, 2ndlyi by destroying the pyrogenous impurities by oxidising agents, such as

binojdde of manganese in the presence of sulphm-ic acid, &c.

The former is the method generally adopted.
_ . . , . j

After the naphtha has been expeUed, the acid liquor is run off into tanks to deposit

part of its impurities ; it is then syphoned off into another vessel, in which is either

milk of lime, quicklime, or chalk ; the mixtiu-e is boiled for a short time, and then

allowed to stand for 24 hours to deposit the excess of lime with any impurities which

the latter will carry down ^yith it. The supernatant liquor is then pumped into the

evaporating pans. „ „ , . t t ^i. x-l

The evaporation is effected either by the heat of a fire applied beneath the evapo-

rating pans, or more frequently by a coil of pipe in the liquor through which steam

is passed—the liquor being kept constantly stirred, and the impurities which rise

to the surface during the process carefully skimmed off.

From time to time, as the evaporation advances, the acetate of lime which separates

is removed by ladles, and placed in baskets to drain ; and the residual mother-liquor

is evaporated to di-yness. This mass, by ignition, is converted into carbonate of lime

and acetone.
. .

If the acetate of lime have been procured by directly saturating the crude acid, it

is called brown acetate ; if from the acid once purified by redistillation, it is called

grey acetate.

From this grey acetate of lime acetate of soda is now prepared, by adding sulphate

of soda to the filtered solution of the acetate of lime. In performing this operation,

it is highly important to remember that, for every equivalent of acetate of lime, it is

necessary to add two equivalents of sulphate of soda, on account of the formation of

a double sulphate of soda and lime. The equation representing the change being :

—

CaO, C« 0» + 2(NaO, SO^) = NaO,C* W 0' + CaO, SO'. NaO, SO"

Acetate of lime. Sulphate of soda. Acetate of soda. Double salt.

Ca(C2H'0^)^ + 2Xra^SO^ = SKTaC^B'O^ + CaSO*. Ma'SO^

Or, if sulphuric acid be considered as a bibasic acid, which this very reaction so

strongly justifies

—

G«H*(Ca)0* + Na'S^O* = 0* H» (Na) 0^ + Na}^'^*
r ~T . ^—_^

Acetate of lime. Sulphate of soda. Acetate of soda. Double salt.

If this point be neglected, and only one equivalent of sulphate of soda be used, one-

half of the acetate of lime may escape decomposition, and thus be lost.

After the separation of the double salt, the solution of acetate of soda is drawn off,

any impurities allowed to subside, and then concentrated by evaporation until it has
a density of 4'3—^when the acetate of soda crystallises out, and may be further

purified, if requisite, by another re-solution and re-crystallisation. The contents of
the mother liquors are converted into acetone and carbonate of soda, as before.

The crystallised acetate of soda is now fused in an iron pot, at a temperature of
about 400°, to drive off the water of crystallisation, the mass being kept constantly

stirred. A stronger heat must not be applied, or we should effect the decomposition
of the salt.

For the production of the acetic acid from this salt, a quantity of it is put into a
stout copper still, and a deep cavity made in the centre of the mass, into which sul-
phuric acid of specific gravity 1-84 is poured in the proportion of 35 per cent, of the
weight of the salt ; the walls of the cavity are thrown in upon the acid, and the whole
briskly agitated with a wooden spatula. The head of the still is then luted, and con-
nected with the condensing worm, and the distillation carried on at a very gentle
heat. The worm should be of silver or porcelain, as also the still-head

; and oven
silver solder should bo used to connect the joinings in the body of the still. The still
is now generally heated by a steam 'jacket.' See Distillation.
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Tho acid wliich passes ovor is nearly colourless, and lias a specific gravity of 1-05.
That which collects at tho latter part of tho operation is liable to bo somewhat em-
pyToumatic, and therefore before this point is reached the receiver should be changed

;

and throughout the entire operation, care sliould bo taken to avoid applying too liigh
a temperature, as the flavour and purity of the acid -will invariably suflFor.

Any trace of cmpyreuma may bo removed from tho acid by digestion with animal
charcoal and redistillation.

A considerable portion of this acid crystallises at a temperature of from 40° to
50° F„ constituting what is called glacial acetic aoii, wliich is the compound
C« H* 0^ or C« W 0\ HO (C'K^O«).

For culinary purposes, pickling, &c., tho acid of specific gravity 1'05 is diluted
with five times its weight of water, which renders it of tho same strength as Kovenuo
proof vinegar.

Several modifications and improvements of this process have recently been intro-

duced, which require to be noticed.

The following process depends upon the difficult solubility of sulphate of soda in

strong acetic acids :—100 lbs. of the pulverised salt being put into a hard glazed
stoneware receiver, or deep pan, from 35 to 36 lbs. of concentrated sulphuric acid are

poured in one stream upon the powder, so as to flow under it. The mixture of the

salt and acid is to be made very slowly, in order to moderate the action and the heat
generated, as much as possible. After the materials have been in intimate contact for

a few hours, the decomposition is effected
;
sulphate of soda in crystalline grains will

occupy the bottom of tho vessel, and acetic acid the upper portion, partly liquid and
partly in crystals. A small portion of pure acetate of lime added to the acid will

free it from any remainder of sulphate of soda, leaving only a little acetate in its

place ; and though a small portion of sulphate of soda may still remain, it is unim-
portant, whereas the presence of any free sulphuric acid would be very injurious.

This is easily detected by evaporating a little of the liquid, at a moderate heat, to

dryness, when that mineral acid can be distinguished from the neutral soda sulphate.

This plan of superseding a troublesome distillation, which is due to M. Mollerat, is one

of the greatest improvements in this process, and depends upon the insolubility of the

sulphate of soda in acetic acid. The sulphate of soda thus recovered, and well

drained, serves anew to decompose acetate of lime ; so that nothing but this cheap

earth is consumed in carrying on the manufacture. To obtain absolutely pure acetic

acid, the above acid has to be distilled in a glass retort.

Volckel recommends the use of hydrochloric instead of sulphuric acid for decom-

posing the acetate.

The following is his description of the details of the process :

—

' The crude acetate of lime is separated from the tarry bodies which are deposited

on neutralisation, and evaporated to about one-half its bulk in an iron pan. Hydro-

chloric acid is then added until a distinctly acid reaction is produced on cooling ; by

this means the resinous bodies are separated, and come to the surface of the boiling

liquid in a melted state, whence they can be removed by skimming, while the com-

pounds of lime, with creosote, and other volatile bodies, are likewise decomposed, and

expelled on further evaporation. From 4 to 6 lbs. of hydrochloric acid for every 33

gallons of wood vinegar is the average quantity required for this purpose. The

acetate having been dried at a high temperature on iron plates, to char and drive off

the remainder of the tar and resinous bodies, is then decomposed, by hydrochloric

acid, in a still with a copper head and leaden condensing tube. To every 100 lbs. of

salt about 90 to 95 lbs. of hydrochloric acid of specific gravity 1-16 are required.

The acid comes over at a temperature of from 100° to 120° C. (212° to 248° F.), and

is very slightly impregnated with empyreumatic products, while a mere cloud is

produced in it by nitrate of silver. The specific gravity of the product varies from

1-058 to 1-061, and contains more than 40 per cent, of real acid ; but as it is seldom

required of this strength, it is well to dilute the 90 parts of hydrochloric acid with 25

parts of water. These proportions then yield from 95 to 100 parts of acetic acid of

specific gravity I'OIS. v r
This process is recommended on the score of economy and greater punty ot pro-

duct. The volatile empyreumatic bodies are said to be more easily separated by the

use of hydrochloric than sulphuric acid ; moreover, the chloride of calcium being a

more easily fusible salt than the sulphate of lime, or even than the double sulphate of

lime and soda, the acetic acid is more freely evolved from the mixture. The resinous

bodies also decompose sulphuric acid towards the end of the operation, giving nse to

sulphurous acid, sulphuretted hydrogen, &c., which contaminate the product.

The decomposition of acetate of lime or lead by means of sulphuric acid has many

inconvenioncos, and there is danger of the product being contaminated with sulphuriQ
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A rhrisfcP was therefore induced- to employ hydrochloric acid as a decomposing
acid. Onnsu was

^"f^"^"^° , . . , • f, „g^ in excess, the distillate contains
agent and has

f^^^^^.^^^'tr^rofchorine 2 ^xt^^e of 100 lbs. of raw acetate of

SSr^d^C^e^a^^^^^^^^^
p^l^^^remoVed hy treatment with

^t^S^tS^UaiS^^^^^^^^
process -The raw pyroligneous acid is saturated with hme without previous chstil-

lation A part Krresinous substances dissolved in the acid are thus separated m
combinatiorwith Ume. The solution of impure acetate of lime is allowed to stand

untiHt beco ^cCr/or it is filtered, then evaporated in an ron pan to about one-

S fnrhXcSoS acid added until a drop of the cooled liqmd, distinctly reddens

Smus-paS A part is sometimes distilled off in a copper still, m order to obta n

wS-sS The addition of acid serves to separate ^g^^^^ part of the resm still held

rn solE which collects together in the boiling liquid, and may be skimmed off; and

hkeS decLposes the compounds of Ume with creosote, andsome other imperfect^-

knor volatik substances which are driven off by further evaporation. As these

vEe substances have little or no action upon litmus-paper its being ^^ddeued by

Ihe Uquor is a sign, that not only are the Hme compounds of these substances decom-

posed? but also a small quantity of acetate of Ume. The quantity of acid necessarv

for tMs purpose varies, and depends upon the nature of the pyrobgneous acid, which

s agaL^?pendent upon the quantity of the ^ater in the wood from winch it i^

obtained. Three hundred pints of wood-Uquor will reqmre from 4 to 6 lbs. of hydro-

'^^The sbliition of acetate of Ume is evaporated to dryness, and a tolerably strong heat

appUed at last, in order to remove all volatile substances. Both operations may be

performed in the same iron pans ; but when the quantity of salt is large, the latter

may be more advantageously effected upon cast-iron plates. The drying of the salt

requires very great care, for the empyreumatic substances adhere very_ strongly to

the acetate of Ume, as well as to the compound of resin and_ acetic acid mixed with it,

and when not perfectly separated, pass over with the acetic acid m the subsequent

distillation with an acid, communicating to it a disagreeable odour. The drying must

therefore be continued until, upon cooUng, the acetate does not smell at all, or but

very slightly. It then has a dirty brown colour. The acetic acid is obtained by

distiUation with hydrochloric acid, in a stiU with a copper head and leaden condenser ;

and when proper precautions are taken, the acetic acid does not contain a trace of

either metal. The quantity of hydrochloric acid required cannot be exactly stated,

because the acetate of Ume is mixed with resin, and already formed chloride of

calcium. In most instances 90 or 96 parts by weight of acid, 1-16 specific gravitj',

are suf&cient to decompose completely 100 parts of the salt, without introducing much

hydrochloric acid into the distillate.
,

The distiUed acetic acid possesses only a very faint empyreumatic odour, very dil-

ferent from that of the raw pyroUgneous acid ; it is perfectly colourless, and should

only become sUghtly turbid on the addition of nitrate of silver, M the acid has a

yeUowish colour, this is owing to resin having been spirted over in the distillation.

It is therefore advisable to remove the resin,—which is separated on the addition of

hydrochloric acid, and floats upon the surface of the Uqiud,—either by skimming_ or

filtration through a Unen cloth. The distiUed acid has a specific gravity ranging

between 1-058 and 1-061, containing upwards of 40 per cent, of anhydrous acetic acid.

It is rarely that acid of this strength is required ; and as the distiUation is easier when

the mixture is less concentrated, water may be added before or towards the end of the

distillation. Volckel recommends as convenient proportions

—

100 parts of acetate of Umej

90 to 95 hydrochloric acid,

25 parts water,

which yield from 96 to lOO parts of acetic acid of I'lOo Specific gravity ; 150 litres

of raw pyroligneous acid yield about 50 Ibs; of acetic acid of the above specific

gravity.

The acid prepared In this way may bo still fUrthdr purified hf adding a Small

' Dinglcr's Polytech. Jo-ai'n. * Ann. der Chem. und riiarm,
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chlS a1d'aJV'?l° -'"^f
"""^ redistilling; it is thus rendered quit, free fromand any remaining trace of colour is likowso removed The slight <^mnv

rcXhvnr.'" r^.^V^T'^^ 'I'^'^^l^^'^^ abS 2 or cent 5
ll tlfr^^^ f "'"''^'''T

'^''^'^^^^^ ^ purif>?ng agent
nf hI« ^ f f?'"?

P'-ocured by the distillation of vinogar; the wholeof the acid cannot bo obfiinod except by distilling to dryness, by which meanrtheextractive substances are burnt, and the distillate rendered impuVe iroTer toobviate thiscbfficulty Stoin ' proposes to add 30 lbs. of salt to eve^y 1 00 lbs ofthe boiling point is thus raised, and the acid passes over completely
^ '

Manufacture of Acetic Acid from Acetate of Copper.

Before tha process for pyroligneous acid, or wood vinegar, was known, there wason y one method of obtaimng strong vinegar practised by chemists; and it is still
followed by some operators, to prepare what is called radical or aromatic vinegar.
This consists in_ decomposing, by heat alone, the crystalUsed binacetat^ of copper,
commonly, but mproperly, called distilled verdigris. With this view, wo take a
stoneware retoxt(/?^. 6), of a size suited to the quantity we wish to operate upon, and
coat It with a mixture of fireclay and horsedung, to make it stand the heat better.When this coating is dry, we introduce into the retort the crvstallised acetate slightlv
bruised, but very dry

; we fill it as far as it will hold without spilHng when tlie beak
is considerably inclined. We then set it in a proper furnace. We attach to its neck
an adapter_ pipe, and two or three globes with opposite tubulures, and a last globe
with a vertical tubulure. The apparatus is terminated by a Welter's tube, ivith a
double branch

;
the shorter issues from the last globe, and the other dips into a flask

filled with distilled vinegar. Everything being thus arranged, wo lute the joinings
with a putty made of pipeclay and linseed oil, and cover them with glue paper.

Each globe is placed in
a separate basin of cold
water, or the whole may
be put into an oblong
trough, through which a
constant stream of cold

water is made to flow.

The tubes must be al-

lowed a day to dry. Next
day we proceed to the
distillation, tempering
the heat very nicely at
the beginning, and in-

creasing it by very slow degrees till we see the drops follow each other pretty rapidly
from the neck of the retort, or the end of the adapter tube. The vapours which pass
over are very hot, whence a series of globes are necessaiy to condense them. We
should renew, from time to time, the water of the basins, and keep moist pieces of
cloth upon the globes ; but this demands great care, especially if the fire be a little

too brisk, for the vessels become, in that case, so hot, that they would infallibly be
Ijroken if touched suddenly with cold water. It is always easy for us to regxilate

this operation according to the emission of gas from tlie extremity of the apparatus.
When the air-bubbles succeed each other with great rapidity, we must damp the fire.

The liquor which passes in the first half hour is weakest; it proceeds, in some
measure, from a little water sometimes left in the crystals, which, when well made,
however, ought to be anhydrous. A period arrives towards the middle of the process

when wo see the extremity of the beak of the retort, and of the adapter, covered M'ith

crystals of a lamellar or needle shape, and of a pale green tint. By degrees these

crystals are carried into the condensed liquid by the acid vapours, and give a colour

to the product. Those crystals are merely some of the cupreotis salt forced over by
the heat. As the process approaches its conclusion, wo find more diflictdty in raising

the vapours ; and we must then augment the intensity of the heat, in order to continue

their disengagement. Finally, wo judge that the process is altogether finished, when
the globes become cold, notwithstanding the furnace is at tlie hottest, and when no
more -Vapours are evolved. The fire may then be allowed to go out, and the retort

to cool.

As tlio acid thus obtained is slightly tinged with copper, it must be rectified before

bringing it into the market. For this purpose we may make use of the same appa-

ratus, only substituting for the stoneware retort a glass one, placed in a sand-bath,

• Polytcch. Ccntralblntt, 1802, p. 806.
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dryness, because there remain in the last portions certain ju i

injure the flavour of the acid.
weight of the acetate

variable results as to the amount of acetic acid ^vhich they yield. Acetates wnicn

J^ve easiy r^^^^^^^^^^^ oxides-as those of copper, silver,

^^^J^^^^'^f^^^^
a larger p/oportion of acetic acid ; but acetone and marsh gas a

-1^^^^^^^

^hSrof^tx^^^^^ —
'''^::^Acei:i^Z^^ Gerhardt, is ob^ined by dry

fusld fcetate of potash ^vith about half its weight of chlonde of ^e^^'f^^^^^
Til^nff a eentle heat; when a liquid distils over, wh;ch, after being rectified, has a

SSnt Sing point of 279° and is heavier than water, w th which it does not

until Sterlt^as been agitated with it for some time. It dissolves at once in hot

water, forming acetic acid.

Uses of Acetic Acid,

Acetic acid is extensively employed in the arts, in the manufacture of the various

acetates, especially those of alumina and iron, so extensively employed in calico-

pr nting as mordaL, sugar of lead, &c. It is likewise used in the preP'^ation

Garnishes, for dissolving gums and albuminous boches ; in the culinary arts, especially

in the manufacture of pickles and other condiments ; in medicine, externally, as ^

local irritant, and internally, to allay fever, &c. ^ ^ _ . -r,
. „„a Mh^-r

Por the treatment in cases of poisoning, we refer to Taylor, Pereira, and other

medical authorities.

For the Manufacture of Vinegar, see Vinegae.
t7 • •

ACETIC BTHEBS. {Aceiaic of Kthi/L Essig'dthcr. Esstgnaphtha. Essigsaures

Mthyloxyd.) These are compounds of acetic acid with the alcohol radicals. See

Badicaxs, Axcohol. and Eadicai-s, Chemical. _ . .

ACETIMETER. An apparatus used in the processes for determining the

strength of vinegar. Consult AVatts's Bictio')mry cf Chcmietry.
^ ^

ACETIMETRT. Determination of the Strength of Vinegar.—n in vinegars, we

were dealing with mixtures of pure acetic acid and water, the determination of the

density might to a certain extent afford a criterion of the strength of the solution ;

but vinegar, especially that obtained from wine and malt, invariably contains gluten,

saccharine, and mucilaginous matters, which increase its density and render this

method altogether fallacious.
_ ...

An accui-ate means of determining the strength of vinegar is by ascertaining the

quantity of carbonate of soda or potash neutralised by a given weight of the vinegar

tinder examination. This is performed by adding to the vinegar a standard solution

of the alkaline carbonate of known strength from a burette, until, after boiling to

expel the carbonic acid, a solution of litmus previously introduced into the liquid is

rendered distinctly blue.

The details of this process, .which is equally applicable to mineral and otlicr organic

acids, will be found fully described under the head of Acidijietey.

Eoughly, it may be stated that every 53 grains of the pure anhydrous carbonate of

soda, or every 69 grains of carbonate of potassa (t.e. one equivalent), correspond to

60 grains of acetic acid (C* 0'). . .

It is obvious that preliminary examinations should be made to ascertain if sul-

phuric, hydrochloric, or other mineral acids are present; and, if so, their amount

determined ; otherwise they will bo reckoned as acetic acid.

The British malt vinegar is stated in the ' London Pharmacopceia ' to require a

drachm (60 grains) of crystallised carbonate of soda (which contains 10 equivalents

of water of crystallisation), for saturaitihg a fluid ounce, or 4'46 grains ; it contains,

in fact, from 4-6 to 5 per cent, of real acetic acid.

The same authorities consider that the purified pyrbligneous acid Should require 87

grains of carbonate of soda for saturating 100 grains of the acid.

. Dr. Ure suggests the use of the bicarbonate of potash. Its atomic weight, referred

to hydrogen as unity, is 100'684, while the atomic •rt'oight of acetic acid is 61"663 ; if

wo estimate 2 grains of the bicarbonate as equivalent to 1 of the real acid, we shall
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in inn^^ M^/- °f carbonate containing 200

S i fn. l?
'^^^ acotimotor of tho most perfect and convenient

an onno« ..1 nnn'"'"' • ''T'^
expendocl in saturating any measure-for instance,

noiff n?l,!f
I'OOO grams of acid-wi 1 indicite tho number .of grains of real aceticacid in that quantity Tlius 1,000 grains of thoabovoproof would require 60 measures

ot the acetimotrical alkaline solution, showing that it contains 60 grains of real acetic
acid in 1,000, or 6 per cent.

Although the bicarbonate of potash of tho shops is not absolutely constant in com-
position, yot tho method is no doubt accurate enough for all practical purposes
Tho acetmietncal method employed by tho Excise is that recommended by Messrs.

J. and r. iaylor, and consists in estimating tho strength of the acid by tho specific
gra%'ity which it acquires when saturated by hydrate of b'me. Acid which contains
8 per cent, of real acid is equal in strength to the best malt vinegar, called by th«
makers No. 24, and is assumed as tho standard of vinegar strength, under tho deno
nimation of ' proof vinegar.' Acid which contains 40 per cent, of real acetic acid, is
therefore, in the language of the Kevenue, 35 per cent, over proof; it is tho strongest
acid on which duty is charged by the acetimeter. In the case of vinegars which have
not been distilled, an allowance is made for the increase of weight due to the mucilage
present

; hence, in tho acetimeter sold by Bate, a weight, marked m, is provided, and
IS used in trying such vinegars. As the hydrate of lime employed causes the pre-
cipitation of part of the mucilaginous matter in the vinegar, it serves to remove this
difficulty to a certain extent. {Pereira.)

As the colour of malt vinegar or impure acetic acid sometimes obscures the exact
termination of the reaction, when a standard solution of carbonate of soda is used,
with litmus as an indicator, it is better to use the ammoniacal solution of copper
recommended by Kiefer. This is made by dissolving sulphate of copper in water and
adding solution of ammonia till the precipitate of basic salt, which forms at first, just
redissolves. The strength of the copper solution is then ascertained by means of a
standard solution of sulphuric acid. To use it a certain quantity of the vinegar to
be tested is measured with a pipette and placed in a beaker or other suitable vessel
and the copper solution gradually run into it from a burette. The bluish green
precipitate formed disappears on stirring as long as any free acid remains, but as soon
as it is completely neutralised a permanent turbidity is produced. A sheet of dark-
coloured paper placed under the beaker enables the end of the experiment to be
distinguished with greater facility. It is necessary that the acid should be so dilute
that the precipitate, which is seen on adding the first drop of copper solution, only
disappears on agitating the mixture ; it is then of a suitable strength.

An excellent method, equally applicable to every description of acetic acid, has been
proposed by Mohr. Pure precipitated carbonate of lime or baryta is added in excess

to a known quantity of the acid to be tested. When the eflFervescence has ceased tho
mixture is heated, to complete the saturation of the acid and to expel the carbonic
acid gas. The excess of the earthy carbonate employed is then filtered oflP, washed
with hot water, and its amount ascertained by means of a standard acid and
an alkaline solution, as described in the article on alkalimetry. The result thus

obtained is subtracted from the weight of the carbonate added, and gives tho

quantity which has been consumed in saturating the acid. 100 parts of carbonate

of lime dissolved, represent 102 of acetic acid, viewed as anhj'drous, or 120 of the

hydrated acid.

ACETON'Bi A volatile Spirit obtained by the distillation of the acetates of the

alkaline earths. It may also be prepared by the destructive distillation of citric acid,

or by distilling starch, sugar, or gum with quicklime. The formula of acetone is

CH^O^ (C^K«0). See Pyboacbtic Si-mrr.

ACBTYli Some chemists (following Berzelius, who denied the existence of oxidised

radicals) regard acetyl as a radical, the teroxide of which constituted acetic acid.

The followers of Gerhardt, on the other hand, consider acetic acid to contain a radical

of the formula C* H" 0'^ (C^H'O). The latter is generally known as acetyl. Dr.

Williamson proposes to call it othyl.

ACETYItAlWlWE. H» N (C'H'KT). An oily alkaloid, produced by acting

with the oil of defiant gas (Dutch liquid) or chloride of ethylene) on an alcoholic

solution of ammonia.
AOfiTYXiEK-E. A hydrocarbon containing 0* Hj (Cj Hj). By parsing _a

voltaic current through carbon points in an atmosphere of hydrogen, acetylene is

formed by the direct union of its elements. It may also be produced by the incom-

plete combustion of certain hydrocarbons, and indeed by the imperfect oxidation of

hiofst organic compounds. Acetylene is a colourless gas, possessing a peculiar odour,

ttnd btltfuing with an intensely luminous flame. A highly characteristic reaction of

acetylene, by which its presence may readily be determined, is the formation of a
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red precipitate when brought in contact mth an ammoniacal solution of subchloride

of copper This red compound explodes either by percussion, or on being suddenly

heated to a temperature.a little above that of boiHng water. It has bep suggested

that this is probably the cause of certain gas explosions which have occurred.m un-

screwing the brass fittings of gas-meters. Acetylene is one of the constituents of

coal gas, and the red explosive compound is liable to be formed by contact ot the gas

with the brass-work.
. . r. j

ACHROMATIC, destitute ofcolour. White light consists, as is shown by its de-

composition by a prism, of several coloured rays, having different degrees of refrangi-

bility. When, therefore, white light passes through any transparent body, such as

a lens, it is liable to this decomposition to a greater or a less extent, and hence

colour is produced. This is termed chromatic aberration. Many, especially old-

fashioned, telescopes exhibit objects surrounded by beautifully coloured fringes.

Now the means which have been devised to prevent this are termed achromatic,

signifying the deprivation of colour. See Light.

ACKSIOIMCATIC X.EN-S. Hale, in 1733, constructed lenses which did not pro-

duce chromatic dispersion. In 1757 Dollond arrived, by a perfectly independent

examination, at the same discovery, and published it.

A lens may be regarded as a number of prisms united round a centre ; therefore a

ray of light falling on a lenticular glass is decomposed, and the rays being of unequal

refrangibility, they have on its axis as many foci as there are colours. The images,

therefore, of objects which are produced at these points are superimposed, more or

less, and the edges fringed with indistinct colours. The least refrangible rays unite

at foci further away than the more refrangible ; and the object sought for, and

attained, by both Hale and Dollond, was the means of uniting these rays at one focal

point. They combined flint-glass with crown-glass, and found that, by a suitable

curvature given to the object-glasses, the images seen through them were distinct, and

free from these adventitious colours.

Telescopes, microscopes, &c., fitted up with such combinations of lenses as those

described, are called achromatic telescopes.

AOXCnibZTE. A name applied to Aikenite (a native sulphide of bismuth,

copper and lead), in allusion to its occurrence in aciciilar, or needle-like crystals. See

AnCBNITB.

ACZDi {Acidtis, sour, L.) The term acid was formerly applied to bodies which
were sour to the taste, and in popular language the word is still so used. It is to be

regretted that the necessities of science have led to the extension of this word to any
bodies combining with bases to form salts, whether such combining body is sour or

otherwise. Had not the term acid been established in language as expressing a sour

body, there would have been no objection to its use; but chemists now apply the term
to substances which are not soxir, and which do not change blue vegetable colours

;

and consequently they fail to convey a correct idea to the popular mind.
Hobbes, in his ' Computation or Logic,' says, • A name is a word taken at pleasure

to serve for a mark which may raise in our mind a thought like to some thought we
had before, and which, being pronounced to others, may be to them a sign of what
thought the speaker had, or had not, before in his mind.' This philosopher thus truly

expresses the purpose of a name ; and this purpose is not fulfilled by the term acid,

as now employed.

_
Mr. John Stuart Mill, in his ' System of Logic,' thus, as it appears not very hap-

pily, endeavours to show that the word acid, as a scientific term, is not inappropriate
or incorrect.

' Scientific definitions, whether they are definitions of scientific terms, or of common
term used in a scientific sense, are almost always of the kind last spoken of : their
main purpose is to serve as the landmarks of scientific classification. And, since the
classifications in any science are continually modified as scientific knowledge advances,
the definitions in the sciences are also constantly varying. . A striking instance is
afforded by the words acid and alkali, especially the former. As experimental dis-
covery advanced, the substances classed with acids have been constantly multiplying

;

and, by a natural consequence, the attributes connoted by the word have receded and
become fewer. At first it connoted the attributes of combining with an alkali to form
a neutral substance (called a salt), being compounded of a base and oxygen, causticity
to the taste and touch, fluidity, &c. The true analysis of muriatic acid into chlorine
and hydrogen caused the second property, composition from a base and oxygen, to be
excluded from the connotation. The same discovery fixed the attention of chemists
upon hydrogen as an important element in acids ; and more recent discoveries having
led to the recognition of its presence m sulphuric, nitric, and many other acids, where
its existence was not previously suspected, there is now a tendency to include the
presence of this element in the connotation of the word. But carbonic acid, silica.

Vol. I. C
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and sulphurous acid, havo no hydrogen in thoir composition ; that property cannot,
thoroforo, bo connoted by the term, unless thoso substances are no longer to be con-
sidered acids. Causticity and fluidity have long since been excluded from the
characteristics of the class by the inclusion of silica and many other substances in it

;

and the formation of neutral bodies by combination with alkalis, together with such
electro-chemical peculiarities as this is supposed to imply, are now the only diffe-
rentia Avhich form the fixed connotation of the word acid as a term of chemical
science.'

The term Alkaxi, though it is included by Mr. J. S. Mill in connection with acid
in his remarks, does not stand, oven as a scientific term, in the objcctional position in
which wo find acid. Alkali is not, strictly speaking, a common name to which any
definite idea is attached. Acid, on the contraiy, is a word commonly employed to
signify sour. The highest chemical authorities, following Gerhardt, now define
Acids to be Salts of Hydrogen, or compounds in which the hydrogen may be readily
replaced by a metal so as to form an ordinary salt.

An acid must now be defined to be a body which has the power of destroying more
or less completely the characteristic properties of allcalis—at the same time losing

its own distinguishing peculiarities. See Axkali ; Anhydrides.
In this Dictionary all the acids named will be found under their respective heads,

as Acetic, Nitric, Sulphuric Acids, &c.
ACIBIFIER. Any body whose presence appears to be necessary for the pro-

duction of an acid.

ACIDIIVESTSZl. An instrument for measuring the strength or quantity of real

acid contained in a free state in liquids. The construction of that instrument is

founded on the principle that the quantity of real acid present in any sample is pro-

portional to the quantity of alkali which a given weight of it can neutralise. The
instrument, like the alkalimeter (see Axkalimeter), is made to contain 1,000 grains in

weight of pure distilled water, and is divided accurately into 100 divisions, each of

which therefore represents 10 grains of piiro distilled water; but as the specific

gravity of the liquids which it serves to measure may be heavier or lighter than pure

water, 100 divisions of such liquids are often called 1,000 grains' measure, irrespec-

tively of their weight (specific gravity), and accordingly 10-20 &c. divisions of the

acidimetcr are spoken of as 100-200 &c. grains' measure ; that is to say, as a quantity

or measure which, if filled with pure water, would have weighed that number of grains.

ACIDIM:ETRY. Acidimetry is the name of a chemical process of analysis by
means of which the strength of acids—that is to say, the quantity of pure free acid

contained in a liquid—can be ascertained or estimated. The principle of the method

is based upon Dalton's law of chemical combinations ;
or, in other words, upon the fact

that, in order to produce a complete reaction, a certain definite weight of reagent is

required.

If, for example, we take 1 equivalent, or 49 parts in weight, of pure oil of vitriol of

specific gravity 1-8485, dilute it (of course within limits) with no matter what quantity

of water, and add thereto either soda, potash, magnesia, ammonia, or their carbonates,

or in fact any other base, until the acid is neutralised—that is to say, until blue

litmus-paper is no longer, or only very faintly, reddened when moistened with a drop

of the acid liquid under examination—it will be found that the respective weights of

each base required to produce that effect will greatly differ, and that with respect to

the bases just mentioned these weights will be as follows :

—

Soda (caustic) 1 equiv. = 31 parts in weight

Potash (caustic) ,, =47
Ammonia „ =17 „

Carbonate of soda ,, =53 ,,

Carbonate of potash „ =69 „

Saturate or neutralise 1

eqv. = 49 parts in weight
• of pure oil of vitriol (sp.

gr. 1-8485), or 1 equiv.

of any other acid.

This being the case, it is evident that if we wish to ascertain by such a method the

quantity of sulphuric acid or of any other acid contained in a liquid, it will be necessary,

on the one hand, to weigh or measure accurately a given quantity of that liquid to be

examined, and, on the other hand, to dissolve in a known volume of water the xvctght

above mentioned of any one of the bases just alluded to, and to pour that solution

gradually into that of the acid until neutralisation is obtained ;
the number of volumes

of the basic solution which will have been required for the purpose will evidently in-

dicate the amount in weight of acid which existed in the liquid under examination.

Acidimetry is therefore exactly the reverse of alkalimetiy, since in principle it depends

on the number of volumes of a solution of a base diluted with water to a definit^

strength, which are required to neutralise a known weight or measui'c of the diSercnt

samples of acids.
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Tto solution containing the known weight of base, and capable therefore of satu-

rating a known weight of acid, is called a ' test-liquor
;

'
and an aqueous solution of

ammonia, of a standard strength, as first proposed by Dr. Ure, affords a most exact

and convenient moans of effecting the purpose, when gradually poured from a gra-

duated cb-opping-tube or acidimetor into the sample of acid to be examined.

The strength of the water of ammonia used for the experiment should be so adjusted

that 1,000 grains' measure of it (that is, 100 divisions of the alkalimeter) really con-

tain one eqiiivalont (17 grains) of ammonia, and consequently neutralise one equi-

valent of any one real acid. The specific gravity of the pure water of ammonia

employed as a test for that purpose should be exactly 0-992, and when so adjusted,

1,000 grains' measure (100 divisions of the acidimeter) will then neiitraliso exactly

40 grains, or one equivalent, of sulphuric acid (dry),

oil of vitriol, sp. gr. 1'8485.

hydrochloric acid (gas, dry),

nitric acid (dry),

crystallised acetic acid,

oxalic acid,

tartaric acid,

acetic acid.

49
37-5

54
60
45
150
61

And so forth with the other acids.

A standard liquor of ammonia of that strength becomes, therefore, a universal

acidimeter, since the number of measures or divisions used to effect the neutralisation

of 10 or of 100 grains of any one acid, being multiplied by the atomic weight or

equivalent number of the acid imder examination, the product, divided by 10 or by
100, will indicate the per-centage of real acid contained in the sample ; the propor-

tion of free acid being thus determined with precision, even to ^th of a grain, in the

course of five minutes, as will be shown presently.

The most convenient method of preparing the standard liquor of ammonia of that

specific gravity is by means of a glass bead, not but that specific-gravity bottles and
hydrometers may, of course, be employed ; but Dr. Ure remarks, with reason, that

they furnish incomparably more tedious and less delicate means of adjustment. The
glass bead, of the gravity which the test-liquor of ammonia should have, floats, of
course, in the middle of such a liquor at the temperature of 60° E. ; but if the
strength of the liquor becomes attenuated by evaporation, or its temperature increased,

the attention of the operator is immediately called to the fact, since the difference of
a single degree of heat, or the loss of a single hundredth part of a grain of ammonia
per cent., will cause the bead to sink to the bottom—a degree of precision which no
hydrometer can rival, and which could not otherwise be obtained, except by the
troublesome operation of accurate weighing. Whether the solution remains uniform
in strength is best ascertained by introducing into the bottle containing the ammonia
test-liquor two glass beads, so adjusted that one, being very slightly heavier than the
liquid, may remain at the bottom ; whilst the other, being very slightly lio-hter,

reaches the top, and remains just under the surface as long as the liquor is in the
normal state ; but when, by the evaporation of some ammonia, the liquor becomes
weaker, and consequently its specific gi-avity greater, the bead at the bottom rises
towards the surface, in which case a few drops of strong ammonia should be added
to restore the balance.

An aqueous solution of ammonia, of the above strength and gravity, being pre-
pared, the acidimetrical process is in every way similar to that practised in alkali-
metry ; that is to say, a known weight, for example, 10 or 100 grains of the sample
of acid to be examined, are poured into a suflSiciently large glass vessel, and diluted,
if need be, with water, and a little tincture of litmus is poured into it, in order to
impart a distinct_ red colour to it; 100 divisions, or 1,000 grains' measure, of the
standard ammonia test-liquor above alluded to, are then poured into an alkalimeter
(which, in the present case, is used as an acidimeter), and the operator proceeds to
pour the ammonia test-liquor from the alkalimeter into the vessel containing the acid
under examination, in the same manner, and with the same precautions usedinalkaU-
metry (see Axkalimetry), until the change of colour, from red to blue, of the acid
liquor in the vessel indicates that the neutralisation is complete and the operation
finished.

Let us suppose that 100 grains in weight of a sample of sulphuric acid, for example
have required 61 divisions (610 water-grains' measure) of the acidimeter for their
complete neutralisation, since 100 divisions (that is to say, a whole acidimeter full) of
the test-liquor of ammonia is capable of neutralising exactly 49 grains one equiva
Icnt-of oil of vitriol, of specific gravity 1'8485, it is clear that the 61 divisions
employed vnW have neutralised 29'89 of that acid, and, consequently, the sample of

0 2
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sulpliuric acid oxaminod contained that quantity per cent, of pure oil of vitriol,

roprosonting 24'4 per cent, of pure anhydrous sulphuric acid : thus

—

Divisions. Oil of Vitriol

100 : 49 :: 61 : a- = 29'89.

Anhydrous Acid.
,

100 : 40 :: 61 : « = 24*4.

The specific gravity of an acid of that strength is 1*21 78.

In tlio same manner, suppose that 100 grains in weight of hydrochloric acid have
required 90 divisions (900 grains' measure) of the acidimetor for their complete neu-
tralisation, the equivalent of dry hydrochloric acid gas being 36'6, it is clear that

since 90 divisions only of the ammonia test-liquor have been employed, the sample
operated upon must have contained per cent, a quantity of acid equal to 3 3 '30 of dry
hydrochloric acid gas, in solution, as shown by the proportion :

—

Divis. Hydrochloric acid.

100 : 36-5 :: 90 : a = 32-85.

The specific gravity of such a sample would be 1'1646,

Instead of the ammonia test-liquor just alluded to, it is clear that a solution contain-

ing one equivalent of any other base—such as, for example, carbonate of soda, or

carbonate of potash, caustic lime, &c.—^may be used for the purpose of neutralising

the acid under examination. The quantity of these salts required for saturation will

of course indicate the quantity of real acid, and, by calculation, the per-centage thereof

in the sample, thus :—The equivalent of pure carbonate of soda being 63, and that

of carbonate of potash 69, either of these weights will represent one equivalent, and

consequently 49 grains of ptire oil of vitriol, 36'5 of dry hydrochloric acid, 60 of

crystallised, or 51 of anhydrous acetic acid, and so on. The acidimetrical assay is

performed as follows :

—

If with carbonate of soda, take 630 grains of pure and dry carbonate of soda,

obtained by igniting the bicarbonate of that base (see AxKAxrMETET), and dissolve

them in 10,000 water-grains' measure (1,000 acidimetrical divisions) of distilled water.

It is evident that each acidimeter full (100 divisions) of such a solution will then

correspond to one equivalent of any acid, and accordingly if the test-liquor of car-

bonate of soda be poured from the acidimeter into a weighed quantity of any acid,

with the same precautions as before, until the neutralisation is complete, the number

of divisions employed in the operation will, by a simple rule of proportion, indicate

the quantity of acid present in the sample as before. Pure carbonate of soda is easily

obtained by recrystallising once or twice the crystals of carbonate of soda of com-

merce, and carefully washing them. By heating them gradually they melt, and at a

very low red heat entirely lose their water of crystallisation and become converted

into pulverulent anhydrous neutral carbonate of soda, which should be kept in weU-

closed bottles.

When carbonate ofpotash is used, then, since the equivalent of carbonate of potash

is 69, the operator should dissolve 690 grains of it in the 10,000 grains of pure dis-

tilled water, and the acidimeter being now filled with this test-liquor, the assay is

carried on again precisely in the same manner as before. Neutral carbonate of potash

for acidimetrical use is prepared by heating the bicarbonate of that base to redness,

in order to expel one equivalent of its carbonic acid ; the residue left is pure neutral

carbonate of potash ; and in order to prevent its absorbing moisture, it should be put,

whilst still hot, on a slab placed over concentrated sulphuric acid, or chloride of cal-

cium, under a glass bell, and, when sufficiently cool to be handled, transferred to bottles

carefully closed.
. , , j i

To adapt the above methods to the French weights and measures, now used also

generaUy by the German chemist, we need only substitute 100 decigrammes for 100

grains, and proceed with the graduations as already described.
Tv,r -d v *

A solution of caustic lime in cane sugar has likewise been proposed by JVLl-eligot

for acidimetrical purposes. To prepare such a solution, take pure caustic hme, ob-

tained by heating Carrara marble with charcoal in a furnace ;
when sufliciently

roasted to convert it into quicklime, slake it with water, and pour upon the slaked

lime as much water as is necessary to produce a milky Uquor; put this milky liquor

in a bottle, and add thereto, in tlic coM, a certain quantity of pulverised sugar-candy

;

close the bottle with a good cork, and shako the whole mass wcU. After a certain

time it will be observed that the milky liquid has become very much clearer, and

perhaps quite Umpid; filter it, and the filtrate will be found to contain aboxit 50 parts

of lime for every 100 of sugar employed. The liquor should not be heated, because

saccharate of lime is much more soluble in cold than in hot water, and if heat were
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applied it wo\Ud become turbid or thick, though on cooling it would become clear

°A conceutrated solution of lime in sugar being thus obtained, it should now be

diluted to such a degree that 1,000 water-grains' measure of it may be capable of satu-

rating exactly one equivalent of any acid, which is done as follows :—Take 100

grains of hydrochloric acid of specific gravity 1-1812, that weight of acid contains

exactly one equivalent =36-5 of pure hydrochloric acid gas ; on the other hand, fill

the acidimeter up to 0 (zero) with the solution of caustic lime in sugar prepared as

abovesaid, and pour the contents into the acid until exact neutralisation is obtained,

which is known by testing with litmus-paper in the usual manner already described.

If the whole of the 100 divisions of the acidimeter had been required exactly to

neutralise the 100 grains' weight of hydrochloric acid of the specific gravity mentioned,

it would have been a proof that it was of the right strength ; but suppose, on the

contrary, that only 50 divisions of the lime solution in the acidimeter have been suffi-

cient for the purpose, it is evident that it is half too strong, or, in other words, one

equivalent of lime ( = 28) is contained in those 60 divisions instead of in 100. Pour,

therefore, at once, 50 divisions or measures of that lime-liquor into a glass cylinder

accurately divided into 100 divisions, and fill up the remaining 50 divisions with water;

stir the whole well, and 100 divisions of the lime-liquor will, of course, now contain

as much Hme as was contained before in the 50 ; or, in other words, 100 acidimetrical

divisions will now contain 1 equivalent of lime, and therefore will be capable of

exactly neutralising 1 equivalent of any acid.

When, however, saccharate of lime is used for the determination of sulphuric acid,

it is necessary to dilute it considerably, for otherwise a precipitate of sulphate of lime

would be produced. This reagent, moreover, is evidently applicable only to the deter-

mination of such acids the lime salts of which are soluble in water.
~ Instead of a solution of caustic lime in sugar, a clean dry piece of white Carrara

marble may be used. Suppose, for example, that the acid to be assayed is acetic acid,

the instructions given by Brande are as follows :—A clean dry piece of marble is

selected and accurately weighed ; it is then suspended by a silk thread in a known
quantity of the vinegar or acetic acid to be examined, and which is cautiously stirred

with a glass rod, so as to mix its parts, but without detaching any splinters from the

weighed marble, tiU the whole of the acid is saturated, and no further action on the

marble is observed. The marble is then taken out, washed with distilled water, and
weighed ; the loss in weight which it has sustained may be considered as equal to

the quantity of acetic acid present, since the atomic weight of carbonate of lime ( = 50)
is very nearly the same as that of acetic acid ( = 51). Such a process, however, is

obviously less exact than those already described.

But, whichever base is employed to prepare the test-liquor, it is clear that the
acid tested with it must be so far pure as not to contain any other free acid than that
for which it is tested, for in that case the results arrived at would be perfectly falla-

cious. Unless, therefore, the operator has reason to know that the acid, the strength
of which has to be examined by that process, is genuine of its kind, he must make a
qualitative analysis to satisfy himself that it is so ; for in the contrary case the acid
would not be in a fit state to be submitted to an acidimetrical assay.
The strength of acids may also be ascertained by determining either the volumes or

the weight of carbonic acid gas disengaged from pure bicarbonate of soda by a given
weight of any acid.

Por measuring exactly the volumes of carbonic acid thus expelled, Dr. Ure's appa-
ratus, represented in Jig. 7, may be used. As it is absolutely requisite, for the
success of the experiment, that the whole of the acid taken for examination should be
completely saturated, the operator must accordingly take care to use a little more
bicarbonate than is necessary for the purpose.
Now the equivalent number of bicarbonate of soda is 76, and the carbonic acid

contained therein= 44 ; that of oil of vitriol is 49 ; wherefore by mixing together 76
grains of pure bicarbonate of soda with 49 grains of pure oil of vitriol, 44 grains of
carbonic acid gas will bo expelled, equal in bulk or volume to 2,381 acidimetrical
divisions (23,810 water-grains' measure). These proportions, however, would be
inconvenient, the more especially as the acidimeter in question should contain exactlv
10,000 water-grains' measure, marked in series of 10 divisions from 0 (zero) at the top
down to 100, such an arrangement at once enabling the operator to read off the amount
of real acid per cent. ; and accordingly a weight, or proportion of acid capable of dis-
engaging exactly 10,000 water-grains' measure of carbonic aad from a quantity of

' The directions given by M. Violette for the preparation of Saccharate of Lime are as follow •—

BugS'
^ ''^ grammes of slaked caustic lime in 1 litre of water containing 100 grammes'of
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bicarbonate more than sufficiont to supersaturato it is uBod. That weight or portion
varies, of course, with each kind of acid, thus :

—

For anhydrous sulphuric acid it is . . 16-80 grains.
Oil of vitriol 20-68 „
Anhydrous nitric acid .... 22-67

„ hydrochloric acid . . . 15-33 „
„ acetic acid .... 21-42

,,

Crystallised citric acid .... 80-64 „
„ tartaric acid.... 63-00 „

Therefore by taking, of any sample of acid to bo examined, the exact number of grains
corresponding to each of the above-mentioned acids, wo shall obtain a volume of car-

bonic acid gas proportioned to the strength and purity of the
7 sample of each of them respectively. The modus operandi is

as follows :—Charge the glass cylinder a with water, and pour
upon the surface of the latter a layer of olive oil, about 1 inch

in thickness, so that the level corresponds exactly to the 0 (zero)

of the graduated scale etched on the glass cylinder. Through
the cork in the mouth of the cylinder, push the taper tail of tie

flask c, air-tight ; introduce into this flask c about 50 grains of

bicarbonate of soda, in powder, and pour upon them a little more
water than is sufficient to cover the powder; and if, for example,

the object is to determine the amount of pure oil of vitriol con-

tained in a given sample of that acid, weigh now accurately

20-58 grains of that sample, dilute it with water, and suck

it up into the taper dropping glass tube, d ; shut the stopcock, in-

troduce the dropping-tube, pushing it air-tight through the

perforated cork until its extremity plunges into the mixture

of bicarbonate of soda and water in the flask, c. On opening

now slightly the stopcock of the dropping-tube, the acid con-

tained therein coming in contact with the bicarbonate will cause

the evolution of a volume of carbonic acid proportioned to its

strength. Supposing the same sample of sulphuric acid which

was found by the acidimetrical process first described to contain

29-89 of oil of vitriol, or 24-4 of anhydrous sulphuric acid, per

cent., to be now examined by the present method, it will be

found that the 20-58 grains of that acid taken for the experi-

ment have disengaged a volume of carbonic acid gas corre-

sponding nearly to the number 30 of the graduated scale of the

glass cylinder, thereby indicating nearly 30 per cent, of pure

oil of vitriol in the sample under consideration.

In the same maimer the sample of hydrochloric acid, which

by the former process was found to contain 32-85 per cent, of

pure hydrochloric acid, would now disengage a voliune of car-

bonic acid gas which would depress the level of the water in the

glass cylinder nearly to the point marked 33, and therefore

the operator would at once know that the quantity of pure hydrochloric acid gas

contained in the sample was a little less than 33 per cent., a degree of accuracy quite

sufiacient for all commercial purposes, and which might besides be rendered still

more accurate by lengthening the glass cylinder and diminishing its bore, so that

the divisions may be sufficiently distant as to admit of being subdivided into frac-

tions. . , . •. J
The principal objection to this form of acidimeter, however, is its expense, and

also the difficulty or trouble of introducing into it the whole of the accurately weighed

quantity of acid, a circumstance which renders it less applicable to acidimetry than to

alkalimetry. By suppressing, however, the top flask, c, and using instead of it a

common Florence flask, connected with the cylinder, tlio cost is considerably reduced,

and the operator is at once enabled to secure the complete reaction ot the wliolo

of the accurately weighed acid upon the bicarbonate of soda. The arrangement

has, besides, several other advantages, which the simple inspection ot Jig. 8

renders apparent. It consists of a 10,000 water-grains'-mcasuro glass cylinder. A,

craduated in the same manner, and provided with a discharge-tube, b,_ as before

;

but the mouth of the cylinder need not be larger than that of an ordinary ^^^ne-

bottle, which allows of its being corked air-tight with greater ease and cei;tainty

This cork is pori^orated, and provided witli a tube passing air-tight through it, and

connected-by a length of vukanisod india-rubber, c-with the disengagement tube of

an ordinary Florence flask, into which the bicarbonate of soda and a cerUiin quantity

DO

30
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of water has been previously introdnced, and likewise a small test-tube, e, con-

taining the exactly weighed quantity of acid to be exanuned. All the joints being

•nerfectly air-tight, if the Florence flask be now carefully tilted on one side, a portion

of the acid in the test-tube wiU, of course, flow down upon the bicarbonate of soda, and

a corresponding quantity of carbonic acid gas being evolved wiU depress the water in

the glass cylinder, causing an overflow from the tube b, which should bo held over a

basin and progressively lowered so as to keep the discharging aperture on a level with

the descending water in the cylinder. The operation is terminated when, all the acid

in the test-tube having been completely upset and all effervescence being entirely at

an end the level of the water in the cylinder A remains stationary ;
the number of

divisions of the scale corresponding to that level are then read off; they indicate the

per-centage strength of the sample.
. , j. .

The bicarbonate of soda of commerce frequently contains some neutral carbonate of

soda, which should be removed before using it for that and for the following process ;

this 'is easily done by washing it with a moderate quantity of cold water, which

dissoh'-es the neutral carbonate, but leaves the greater portion of the bicarbonate in an

undissolved state ; it should then be dried spontaneously by spreading it in the air,

and then kept in stoppered bottles ; for though bicarbonate of soda does not undergo

decomposition by exposure to dry air, a moist atmosphere converts a portion of it into

a neutral carbonate, with 6 equivalents of water (NaO, CO^.SHO).

8 9. 10

B

Acidimetrical operations may likewise be performed by determining the weight

instead of the volumes of the carbonic acid expelled from bicarbonate of potash, or of

soda, by a given quantity of acid. For tliis purpose either of the apparatus contrived

by Dr. Ure, and represented above, may be used. The details of their construction

are given in Axkaumetex, to which the reader is referred.

Since 1 equivalent of any acid will disengage 2 equivalents ( = 44) of carbonic acid

from 1 equivalent ( = 75) of bicarbonate of soda, it is evident that by determining what
quantity of any pure acid is capable of disengaging or expelling 10 grains of carbonic

acid gas, then taking that quantity of the acid to be examined, and causing it to react

upon a mass of bicarbonate of soda more than sufficient to saturate or neutralise it (in

order to make sure that the acid has produced all its effect), the loss sustained after

the operation from the carbonic gas expelled, multiplied by ten, will at once indicate

the exact per-centage of real acid contained in the sample examined. Of course the

weight of acid capable of disengaging exactly 10 grains of carbonic acid gas varies

with each kind of acid; and that weight is found by dividing 10 times the atomic

weight of the acid, whatever it may be, by 44 ; that is to say, by the atomic weight
of the two equivalents of carbonic acid gas contained in the bicarbonate of soda.
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For sulphuric acid, for oxamplo, tho proportion would bo hh follows:—

2 00» S0»
44 : 40 :: 10 : x

^ = 9'09 (or moro corroctly, 9*1).
Applying tliis rulo, tlio weights to bo taken aro as follows, in roforonco to—

Dry sulphuric acid g.j

12-27

8-29

11-69

34-09

43-64

11

nitric acid

„ hydrochloric acid .

„ acetic (dry) .

Crystallised tartaric acid

,. citric acid .

Each of these quantities of real acid, with 26 or 26 grains of bicarbonate of soda,
will give off 10 grains of carbonic acid gas ; and hence, by adding a cypher, that is,
multiplying by ten, whatever weight the apparatus loses denotes tho per-contago of
acid m the sample under trial, without the necessity of any arithmetical reduction.
Let us suppose, for example, that the apparatus, being charged with 9-1 grains of a
sample of sulphuric acid, is found, after tho experiment, to have lost 7-8 grains ; this
multiplied by 10 = 75-0

; therefore the sample contained 75 per cent, of dry sulphuric
acid. If the apparatus had lost 2-44 grains thus, it would have indicated 24-4 per cent,
of dry or anhydrous acid._ Persons accustomed to the French metrical system may use

decigrammes instead of grains, and they will arrive at the same
per-centage results.

Another apparatus for ascertaining the weight of carbonic
expeUed for the purposes of either acidimetry or alkalimetry,
and which the operator himself may readily construct, is repre-
sented in;^, 11.

A is a small matrass, with a somewhat wide mouth, capable,
however, of being hermetically closed by a cork perforated with
two holes, through one of which a bulbed tube, u, passes filled

with fragments of chloride of calcium
; through the other hole a

tube, c, is introduced, sufficiently long to reach the bottom of the
matrass a.

A certain quantity (say 25 grains) of bicarbonate of soda,
greater than is required for saturation, is then introduced into
the matrass a, and likewise enough water to cover it. A small
glass test-tube is next charged with the proper quantity of tho
acid to be examined, namely, 9-1 if for sulphuric acid, 12-27 if

for nitric acid, &c. &c., as before mentioned, and it is carefully

introduced into the matrass A, taldng care that the acid does
not corde in contact with the bicarbonate of soda, which is

easily avoided by lowering the tube containing the acid into the
matrass with a thread, or by carefully sliding it down, and
keeping it nearly in an upright position, leaning against the
sides of the matrass, as shoMoi by tho letter b. The matrass
is then to be closed with the cork provided with its tubes, as

above directed, and the whole is accurately weighed. This
done, the apparatus is gently jerked, or tilted, on one side, so

as to cause a portion of the acid in the tube b to flow among tho

bicarbonate of soda on which it is resting. A disengagement of

carbonic acid gas immediately takes place from the decomposition of the carbonate

of soda by the acid. When the violent effervescence has subsided, a fresh quantity

of acid is again jerked, or spilled, out of the tube, until the whole of the acid is

emptied, the tube occupying now a horizontal position, as represented by letter a.

The water, which is mechanically carried off by the carbonic acid, is arrested by the

chloride of calcium of the bulbed tube b. When all disengagement of carbonic acid

gas has ceased, even after shaking the apparatus, the residuary gas is sucked up
through tho bulbed tube b, while the atmospheric air enters at the orifice, d, of the

bent tube, c, to replace it. If the apparatus has become warm during tlie reaction,

it should be allowed to cool completely, and it is then weighed again accurately.

The difference between the first and second weighing, the loss, represents, of course,

the weight of the carbonic acid gas oxpollod, and consequently tho per-centage of

real acid contained in the sample.

Instead of the preceding arrangement, the apjiaratus contrived by Drs. Fresenius

and Will may be used. The annexed figure at once renders tho consti-uction of

that apparatus intelligible, and as a full description of it is given in tlio article on

AxKALiMBTBY, the reader is accordingly referred thereto. When that contrivance is



ACONITUM 25

used for acidimetrical purposes, proceed as follows :-Fill bottle A with ordinary oil

of vitriol to about one-half of its capacity, and pour into bottle d the accurately

weighed quantity of acid to be examined, namely,

9-1 grains for sulphuric acid, 12-27 for nitric acid,

&c &c., according to the rule and table given

(page 24), and dilute it ^vith water, so that bottle

B may be one-third full. Put now into a test-

tube a quantity of bicarbonate of soda sufficient

to saturate the weight of acid contained in bottle

B and suspend it into that bottle by means of

a' thread, kept tight by the pressure of the cork.

Weigh now the whole apparatus accurately ; this

done, carefully loosen the thread, so that the test-

tube charged with bicarbonate of soda may fall

into the acid, and the cork being instantly ad-

justed air-tight, the whole of the carbonic acid

gas disengaged is led by tube c into the concen-

trated sulphuric acid of bottle A, which absorbs

all its moisture before it finally escapes thi-ough

the tube a. When all effervescence has ceased,

the operator, by applying his lips to that tube a,

sucks out all the residuary carbonic acid_ gas con-

tained in the apparatus, and replaces it by at-

mospheric air, which enters at d. The apparatus,
.

if it have become warm, should be allowed to cool completely, and on weighing it

again the loss indicates the per-centage of real acid present in the sample.

The balance used in these methods should, of course, be sufficiently delicate to

indicate small weights when heavily laden.

We shall terminate this article by a description of Liebig's acidimetncal method of

determining the amount of prussic acid contained in solutions ; for_ example, in medi-

cinal prussic acid, in laurel and bitter-almond water, essence
_
of bitter almonds, and

cyanide of potassium. The process is based upon the following reaction :—When an

excess of caustic potash is poured into a solution which contains prussic acid, cyanide

of potassium is, of course, formed ; and if nitrate of silver be then poured into such a

liquor, a precipitate of cyanide of silver is produced, but it is immediately redis-

solved by shaking, because a double cyanide of silver and " of potassium (Ag Cy 4-

K Cy) is formed, which dissolves, without alteration, in the excess of potash em-

ployed. The addition of a fresh quantity of nitrate of silver produces again a

precipitate which agitation causes to disappear as before ; and this reaction goes on

until half the amount of prussic acid present in the liquor has been taken up to

produce cyanide of silver, the other half being engaged with the potassium in the

formation of a double cyanide of silver and of potassium, as just said. As soon,

however, as this point is reached, any new quantity of nitrate of silver poured in the

liquor causes the cyanide of potassium to react upon the silver of the nitrate, to pro-

duce a permanent precipitate of cyanide of silver, which indicates that the reaction is

complete, and that the assay is terminated. The presence of chlorides, far from inter-

fering, is desirable, and a certain quantity of common salt is accordingly added, the

reaction of chloride of silver being analogous to that of the cyanide of the same metal.

To determine the strength of prussic acid according to the above process, a test or

normal solution should be first prepared, which is as follows :

—

Since 1 equivalent of nitrate of silver ( = 170) represents, as we have seen, 2

equivalents of prussic acid ( = 54), dissolve, therefore, 170 grains of pure fused nitrate

of silver in 10,000 water-grains' measure of pure water ; 1,000 water-grains' measure

(1 acidimeter full) of such solution will therefore contain 17 grains of nitrate of

silver, and will therefore represent 5'4 grains of prussic acid ; and consequently each
acidimetrical division 0-054 grain of pure prussic acid.

ACXPEN'SfiS. A genus of cartilaginous ganoid fishes, to which the Sturgeon
belongs, and from which isinglass is obtained. The roe of the sturgeon yields

caviaire. There are at least eight species ; four, however, appear to yield the Isinglass

of commerce. The Beluga or largo Sturgeon, Acipenser Huso. The Osseter, A.
Guldenstadtii. The Sterlet, A. Euthenus, and the Sewraga, A, Stcllatus. These
inhabit the Black and Caspian Sea, and the great rivers flowing into them. See
Caviairr ; Isinglass.

ACOnriTIXTE. C™ NO^^ (C'OH^'NO'). A poisonous alkaloid constituting
the active principle of the Monkshood {Aconitum Napelhis) and other species of Aconite.
.acoirXTUM. {aKivirov.) The Greek name for the Hemlock. See CoNruM.

.

Aconitum is now the name of a genus of plants belonging to the Samnculacea,
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nearly all tho epocies being remarkable for their poisonous properties, A. Napellus
18 the Monkshood or Wolfs-bano, commonly cultivated in gardens as a showy flower,
but tho loaves and root aro highly poisonous, and death has resulted from eating tho
root by mistake for liorso-radisli. Tho Bikh, Bish, or Naboo poison, used by tho hill-
tribes of Northern India for poisoning arrows, is obtained from A.fcrox, which is said
to bo a more powerful poison than cither of the other species ; tho quantity of tho
poisonous alkaloid Aoonitine depending on tlio temperature in which the pknt has
grown. Tho root of tho Aconite or Monksliood having been very frequently mistaken
for the horse-radish root, and several deaths liaAang been produced by eating it, a few
of tlie distinctions between them aro given. Tho aconite root, as shown in fig. 13,
is conical and tapering rapidly to a point. Tho horso-radish is slightly conical at tho
crown, then of almost the same thickness for several inches. Aconite is coloured
more or less brown, the horse-radish is externally white. Tho odour of tho aconite is

13

merely earthy, that of horse-radish pungent and irritating. Aconite root is the most

virulent in tlae winter months and early spring, when tho leaves are absent.

ACORXO'S. The friut of the oak (
Qucrcus). These possess some of the properties

of the bark, but in a very diluted degree. Acorns are now rarely used._ Pigs aro

sometimes fed upon them. The acorn-cups of Qiicrcus^ Mgilops are used in tanning

and dyeing, and are imported under the name of Valonia. See Vaionia.

JLCO'&VS CAIiAMWS. The common sweet flag. This plant is a native of

England, growing abundantly in the rivers of Norfolk, from which county the

London market is chiefly supplied. The radix calami aromatica of the shops occurs

in flattened pieces about one inch wide and four or five inches long. It is employed

medicinally as an aromatic, and it is said to bo used by some distillers to flavour gin.

The essential oil {oleum acori calami) of tho sweet flag is used by snuflT-makors for

scenting snuff, and it sometimes enters as one of the aromatic ingredients of aromatic

Anneo-ar Tho Acorus belongs to the AracecB or arum-order. See ARACEiE.

.•kCROSPXRE. {Plumule, Fr. ;
BlattJceim, Ger.). The sprout at tho end of seeds

when they begin to germinate. Maltsters use the name to express the growing of tho

barlev. ' Tho first leaves that appear when corn sprouts.'—
^ . „ ,

ACRYLAMINE, or AS.I.-jri.AWIIMrE. C« H' N (C^ H' N). An alkaloid

obtained by Hofmann and Cahours, by boiling cyanato of allylo with a strong solution

of potash. It boils at about 365°.—C. G. W.
^CTXXTXSM. (From aitrXv, a ray ;

signifying merely the poiuer of a ray, without

defining what character of ray is intended.)

As early as 1812, M. Borard (in a communication to the Academy of Sciences, on

some observations made by him of tho phenomena of solar action) drew attention to tho
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fact that three very distinct sets of physical phenomena were manifested: Light, Heat,

and'chemical action. Chaptal, BerthoUet, and Biot reported on this paper by M. Berard

;

and, as showing the extent to which this very important inquiry had proceeded in

tho hands of this philosopher, the following quotation is given from their report

:

' M. Berard found that the chemical intensity was greatest at the violet end of the

spectrum, and that it extended, as Eitter and WoUaston had observed, a little

beyond that extremity. "When ho loft substances exposed for a certain time to the

action of each ray, he observed sensible effects, though with an intensity continually

decreasing, in the indigo and blue rays. Hence we must consider it as extremely

probable, that if he had been able to employ reactions still more sensible, he would

have observed analogous effects, but still more feeble, even in the other rays. To

show clearly the great disproportion which exists in this respect between the energies

of different rays, M. Berard concentrated, by means of a lens, all that part of the

spectrum which extends from the green to the extreme violet, and he concentrated, by

another lens, all that portion which extends from the green to the extremity of the red

ray. This last pencil formed a white point, so brilliant that the eyes were scarcely

able to endure it, yet the muriate of silver remained exposed more than two hours to

this brilliant point of light, without undergoing any sensible alteration. On the other

hand, when exposed to the other pencil, which was much less bright, and less hot, it

was blackened in less than six minutes H we wish to consider solar light as

composed of three distinct substances, one which occasions light, another heat, and the

third chemical combinations, it will follow that each of those substances

is separable by the prism into an infinity of different modifications, like 15

Light itself ; since we find, by experiment, that each of the three pro-

perties, chemical, calorific, and colourific, is spread, though unequally,

over a certain extent of the spectrum. Hence we must suppose, on
that hypothesis, that there exists three spec-

trums, one above another
; namely, a calorific,

a colourific, and a chemical spectrum.'

This was the earliest indication of the pro-

bable existence of a physical influence, in the
solar rays, distinct from Light and Heat. A
large number of philosophers still hold to tho

idea that the chemical changes produced by the
sunbeam are due to light, and this idea is con-
firmed in the public mind by the universal
adoption of the term 'photography (light-

drawings) to indicate the production of
pictures by the agency of the sunbeam. See
Photogeaphy.
The actual conditions of the sunbeam will be

understood by reference to the annexed wood-
cut, fig. 14, and attention to the following de-
scription : a b represents the prismatic spectrum
—as obtained by the decomposition of white
light by the prism—or Newtonian luminous
spectrum, consisting of certain bands of colour.
Newton determined those rays to be seven in
number; red, orange, yellow, green, blue, indigo,
and violet; recent researches, by Sir John
Herschel and others, have proved the existence
of two other rays

; one, the extreme red or
crimson ray c, foiiud at the least refrangible end of the spectrum, the other occurring
at the most frangible end, or beyond the violet rays, which is a lavender or grey ray.
Beyond this point up to/, Professor Stokes has discovered a new set of rays, which are
only brought into view when tho light is received upon tho surfaces of bodies which
possess tho property of altering tho refrangibility of the rays. Those rays have been
called the fluorcscejit rays, from the circumstance that some of the varieties of Pluor
Spar exhibit this phenomenon in a remarkable manner. (See Pxuorescence ) The
curved lino i, from « to c indicates the full extent of the luminous spectrum the iDoint
marked r showing the maximum of illuminating power, which exists in the vellow rav

Sir WiUiam Herschel and Sir Henry Englofield determined, in the first instance"
the_maximum point for the calorific rays, and Sir John Herschel subscquentlv confirmed
their results, proving that the greatest heat was found below the red rav and that it
gradually diminished in power with the increase of refrangibility in tho ravs ceasinrr
entirely m the violet ray. Heat rays have been detected doJn to the pStT andtho curved hno H indicates tho extent of their action. ^ '
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I Now, if any eubstance capable of undergoing chemical change be exposed to this
Bpoctrum, the result will bo found to be such as is represented in the accompanying
drawing,^. 15. Over the space upon which the greatest amount of light falls, i.e.,
the region of the yellow and orange rays l, no chemical change is effected : by'pro-
longod action a slight change is brought about where the red ray falls, r, but from
.tlio_ mean groon ray g up to the point /, a certain amount of chemical action is
maintained ; the maximum of action being in the blue and violet rays a. Thus the
curved lino (fig. 14) from e to/represents the extent and degree of chemical power
as manifested in tlie solar spectrum. Two maxinm are marked i. a, differing widely,
however, in their degree.

'

Here, as in Berard's experiments, we see that where the light is the strongest, there
is no chemical action, and that as the luminous power diminishes the chemical force
is more decidedly manifested.

Again, we find that if we take a piece of yellow glass, stained with oxide of silver,
we have a medium which entirely prevents the permeation of the chemical rays!
though it obstructs no Light. But, if a very dark blue glass is taken, we find that
ninety per cent, of the luminous rays are obstructed, while the chemical rays permeate
it most freely. Numerous experiments of an analogous character appear to prove
that the chemical and luminous powers of the sunbeam are balanced against each other
(see Hunt's ' Kesearches on Light '), that they are indeed antagonistic principles or
powers. That there are three very distinct sets of phenomena, every one admits.
Light {luminous power), to which belongs the phenomena of vision and the produc-

tion of colour.

Heat {calorific power), the function of which appears to be the determining the
physical condition of all matter, as regards its solid, fluid, or gaseous condition.

Actinism {chemical power), to which all the phenomena of photography are due, and
many of the more remarkable changes observed in the vegetable kingdom.

AcTiNO-CHJiMiSTRT was & term first applied by Sir John Herschel, and has been
generally adopted to indicate the phenomena of chemical change by the action of the
solar rays. Actinism was first proposed to express the chemical principle of the sun-
beam by the Editor of this Dictionary at the meeting of the British Association

at York.
ACTIIfOGRiiPK. A name given to an instrument for recording the variations

in the chemical {actinic) power of the solar beams. The name signifies ray writer,

ACTIN'OIiXTE. A variety of Hornblende See Hoenblende.
ACTINOiaETER. {Bay measurer.) The name of various forms of instuments,

the objects of which are to measure the direct heat radiations from the sun. The
term has also been applied to instruments employed to measure the varying inten-

sities of Light.

AD.a.IMEiiN'TIxa'S SPAR. An old name for Corundum. See Cohttndttm.

ADAIVEXTE. A native hydrous arsenate of zinc, occurring in the silver-mines of

Chanarcillo in Chili, and in the D6p. du Var, Erance.

ADAM'S XTEEDKE, A name commonly given to the Yucca gloriosa, a plant

belonging to the Idliacees or Lily-order, the fibres of which have been used in the

manufacture of paper.

ADAN'SOIO'IA DXGITATA. The Baobab tree, a native of Western Africa,

It yields a fibre which has lately been used in paper-making.

ADDITXOm'S. Such articles as are added to the fermenting wash of the distiller,

were of old distinguished by this trivial name.

ADHESIOSr {sticking together). The union of two surfaces. With the pheno-

mena which are dependent upon bringing two surfaces so closely together that the

influence of cohesion is exerted, wo have not to deal. In arts and manufactures,

adhesion is effected by interposing between the surfaces to be united some body

possessing peculiar properties, such as gum, plaster, resin, marine or ordinary glue,

and various kinds of cement. Adhesion should be restricted to mean, sticking together

by means of some interposed substance; cohesion, the state of union effected by

natural attraction.
.

Not only is adhesion exhibited in works of art or manufacture ; we find it very

strikingly displayed in nature. Fragments of rocks which have been shattered by con-

vulsion are found to be cemented together by silica, lime, oxide of iron, and the

like ; and broken parts of mineral lodes are frequently reunited by the earthy minerals.

AX>XPXC ACXD. C"2 H'" 0'. (C K"* O*.) One of the fixed fatty acids pro-

duced by the action of nitric acid on oleic acid, suet, spermaceti, and other fatty

bodies. See Watts's ' Dictionary of Chemistry.'

ADXPOCXRE. From adcps, fat ; cera, wax. {Adipooirc, Fr_. ;
Fetiwachs, Got.)

The fatty matter supposed to be generated in dead bodies buried under peculiar

circumstancoB. It is chiefly margaratc of ammonia. In 1786 and 1787, when the
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nhuwhyard of the Innocents, at Paris, was cleaned out, and tlie bones transported to

SeCatecombs, it was discovered that not a few of the cadavres were conyerted into a

saponaceous white substance, more especially many of those which had teen mten-ed

?or Steen years in one pit, to the amount of 1,500, an coffins closely packed together

These bodies were flattened in consequence of their mutual pressure
;
and though

iev generally retained their shape, there was deposited round the bones of several

of them a greyish white, somewhat soft, flexible substance. Pourcroy presented to the

Academy oi Sciences, in 1789, a memoir which appeared to prove that the fatty body

was an ammoniacal soap containing phosphate of lime ; that the fat was similar to

spermaceti, as it assumed, on slow cooUng, a foliated crystalline structure ;
as also to

%rax, as, when rapidly cooled, it became granular ; hence he called it ad%poare. Its

melting point was 62-5° C. (126-5° F.)
. . A^ ^•

This substance was again examined by Chevreul, in 1812, and was found by him

to contain margaric acid, oleic acid, combined with a yellow colouring odorous matter,

besides ammonia, a little lime, potash, oxide of iron, salts of lactic acid, an azotised

substance ; and was therefore considered as a combination of margaric and oleic

acids, in variable proportions. These fat acids are obviously generated by the

reaction of the ammonia upon the margarine and oleine, though they eventually lose

the greater part of that volatile alkali. It is sometimes confounded with chlorestme.

Bog butter is said to be a similar substance. See Pat and Fattt Bodies.

ADIPOSE SUBSTANCE or ADIPOSE TISSUE. {Tissu graisseux, Pr.)

An animal oil, resembling in its essential properties the vegetable oils. During life,

it appears to exist in a fluid or semi-fluid state ; but, in the dead animal, it is

frequently found in a solid form, constituting suet, which, when divested of the mem-

brane in which it is contained, is caUed tallow. See Tallow, On-s, &c.

ASIT or ADIT XiEVEl. The horizontal entrance to a mine ; a passage or

level driven into the liill-side. The accompanying section gives, for the purpose of

distinctness, an exaggerated sec-

tion of a portion of the subter-

ranean workings of a metalliferous

mine. It should be understood

that d represents a mineral-lode,

upon which the shaft, a, has been

sunk. At a certain depth from

the surface of the hill the miners

would be inconvenienced by water,

consequently a level is driven in

from the side of the hill, b, through

which the water flows off, and
through which also the miner can

bring out the broken rock, or any
ores which he may obtain. Proceeding still deeper, supposing the workings to have

commenced, as is commonly the case, at a certain elevation above the sea-level, similar

conditions to those described again arising, another level is driven so as to intersect

the shaft or shafts, as shown at c. In this case, b would bo called the shallow, and

c the deep adit. The economy of such works as these is great, saving the c6st of

expensive pumping machinery, and also of considerable labour in the removal of ores

or other matter from the mine.

The great Gwennap Adit, in Cornwall, with its branches, was cut through the solid

rock for nearly 30 miles ;
through it, numerous mines are drained to a certain depth,

and the water pumped from greater depths discharged. The Nentforce Level, or

Adit, in Alston Moor, has been wrought under the course of the Kiver Nent, and it

extends about miles into that important mining district, serving to drain a

considerable number of the Nenthead mines. Many of the mines in Cumberland

and in Derbyshire are worked by the Adit called a bay-level only ; the adit, as at c,

being carried into the hill until it reaches the lode. The ore is obtained by working

up into the hill. It falls into the level, and is carried out in tram-wagons. See

MiNINO.
ADUKAXtlAi A variety of orthoclase. See Pelspae.

ADUIiTERATlOir. The practice of debasing any iDroduct of manufacture by
the introduction of cheap and often injurious materials. The extent to which the

adulteration of almost every useful article is carried, is at once a disgrace to the

trading community, and a standing reflection on an ago and country which boasts of

its high moral character and its devotion to Christianity.

ADZE. A cutting instrument; differing from the axe by the edge being placed
at nearly right angles to the handle, and being slightly curved up or inflected towards it.

The instrument is held in both hands, whilst the operator stands upon his work in a
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S tTil n 1 1 1 V ° ^"'."S ^^"^ twonty-foiu. to thirty inches long, and the

JuSll Je n ^"^^ '-^^^^
^« in a circikr pathalmost of ho same curvature as tlie blade, tho shoulder joint being tho centre of

f 7'^'''° ''"^ it were, one inflexible radius ; tho
tool therefore, makes a succession of small arcs, and in each blow the arm of thoworkman is brought in contact with tho thigh, which serves as a stop to prevent
accident In coarse preparatory works, tlio workman directs his adze through tho
space between his two feet ; ho thus surprises U6 by tho quantity of wood removed;
in lino works he frequently places his toes over the spot to bo wrought, and tho adzo
penetrates two or throo inches beneath the sole of tho shoe; and ho thus surprises us
by the apparent danger, yet perfect working of tho instrument, which, in the hands
of a shipwright in particular, almost rivals the joiner's plane; it is with him the
nearly universal paring instrument, and is used upon works in all positions—Holt-
zapffel.

^
SIOJmXAK harp, a musical instrument ; the invention of Kircher

; although
It was probably indicated by Hero of Alexandria. The musical sounds are produced
by the action of a current of air upon strings placed above a long box of thin deal.
The wu-os of tho electric telegraph on the sides of our railroads are frequently set in
such a state of vibration by tho wind, that they become gigantic JEolian harps.

_
.aEaAT2a» WiJLTER. The common commercial name of water artificially

impregnated with carbonic acid or oxygen.
A^I^OX-XTSS. Meteoric stones. It has long been well established that masses

of solid matter have fallen from the atmosphere upon this earth. Various hypotheses
have been proposed to account for them

; amongst others the following may bo
named :

—

1. That they are aggregations of solid matter which take place in the higher
regions of the air. It is known, however, that our atmosphere does not contain tho
chemical elements of meteorites

; and, moreover, the large size of many of these
meteoric masses—some weighing several tons each—renders it extremely improbable
that they should be formed by condensation or aggregation in a highly attenuated
atmosphere.

2. That they are projected from volcanoes in the moon. The researches of
Nasmyth, Smyth, and others appear to show that our satellite, whatever may have
been her condition at one period, is now in a state of comparative, if not of perfect,
repose. Some astronomers think they have observed changes in some parts of the
moon's surface, but there are no indications sufficiently clear to warrant the assump-
tion of there being any volcanoes in a state of activity.

3. That belts composed of fragments of matter circulate in certain fixed orbits
around the sun, and that these fragments, sometimes entering our atmosphere, are
involved in the earth's influences, and fall in obedience to the law of gravitation.
The flights of ' shooting stars ' which are observed at particular periods appear to
favour this view.

It has not been proved, however, that meteorites move in circumsolar orbits ; and
indeed evidence may be adduced tending to show that they have probably come from
regions of space beyond the limits of the solar system.

It is usual to distinguish between aerolites, or meteoric stones, and siderites, or

masses of meteoric iron ; but the two classes pass into each other through certain

meteorites, termed siderolites, which are partly metallic and partly stony. An
aerolite, or meteoric stone, is composed of a number of crystaUino minerals, usually

loosely aggregated, and presenting a peculiar spherular structure. The surface of

the stone is invariably coated with an incrustation, in most cases lustrous and of a
black colour. • This crust seems to bo the result of superficial fusion consequent upon
the great development of heat due to the resistance which the stone suddenly encoun-

ters on entering the earth's atmosphere.

Among the minerals found in aerolites may be noticed—olivine and augite (two

silicates of magnesia), several alloys of iron and nickel, troilite (sulphide of iron),

schreibersite (phosphide of iron and nickel), graphite, and certain hydrocarbons

similar to what are commonly regarded as organic compounds. The following average

per-centage composition of an aerolite has been calculated, by Ecichenbach, from a

very large number of trustworthy analyses : silica, 40 ; iron, 25 ; magnesia, 20 ;

alumina, 2; sulphur, 2; nickel, 1"5; lime, 1"5; chromium, 0*5; manganese, 0*33;

sodium, 0'33
; other elements, 1*34

;
oxygen, hydrogen, and loss, 6"5.

Some interesting experiments on the artificial formation of meteorites havo been

carried out, within the last few years, by M. Daubrde. This chemist has been

successful in producing, on a small scale, certain products strongly resembling

meteorites, both in structure and composition. Tho artificial aerolites were produced

by fusing a rock called Lhorzolito, the fusion being elFoctod either alone or in tho
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presence of certain reducing agents. Other experiments have been made by heating

iron, silicon, and magnesium, in an imperfectly oxidising atmosphere.

It is perhaps unnocessaiy in this place to do more than refer to Dr. Mayer's

theory, which seeks to explain the source of solar heat by the impact of meteorites

falling into the mass of the sun—a subject on which Mr. Waterston and Sir "W.

Thomson hare also written. It has oven been suggested that the zodiacal light may

bo a luminous crowd of meteoric stones showered down upon the sun. This hypo-

thesis has n6t, however, received the support it claimed, and the whole question

remains in a state of considerable uncertainty.

AZROSTiVTXON' ; AEaOTTiiUTICS. The ascent into the atmosphere by

means of balloons, which are either filled with hot air

—

Pike-Balloons, or a light

gas

—

Aih-Bauloons.
The Montgolfier balloon is a bag filled with air, which is rarefied by the action of

fire, which is kept burning under the mouth of the bag ; and thus the whole mass is

rendered specifically lighter than the surrounding medium.
The investigations of Cavendish led to the use of hydrogen gas—the lightest of

known bodies—to inflate silken bags ; and since his time our balloons have been inflated

with either pure hydrogen, or with common coal gas—carburetted hydrogen.

Notwithstanding the numerous attempts which have been made to navigate the air,

nothing has yet been done to enable the aeronaut to steer his balloon. In whatever

current of air he may be, with that current he moves ;
antl, until this difficulty is

overcome, we cannot expect any satisfactory results from aeronautics. The great use

of balloons during the siege of Paris led to considerable improvements in the art of

aerostation. They were largely employed during the siege of Paris in enabling the

besieged to communicate outside the city. A balloon-post {Poste acricnne) was thus

established, and no fewer than 64 ascents were made between October 1870 and
January 1871. M. Dupuy de Lome has constructed balloons characterized by re-

markable stability of the car, and furnished with screws and rudder, whereby the

speed and direction of the balloon are brought, to a certain extent, under the control

of the aeronaut
;
nevertheless, the great problem of aerostation yet remains unsolved.

Some interesting and useful experiments have been made by using captive balloons,

by which we have arrived at some facts connected with the upper regions of the air,

which could not be obtained by any other means. By means of balloons, valuable

meteorological observations have been made at gi-eat altitudes in the atmosphere by
Mr. Glaisher and other scientific aeronauts.

2;rvco. {Verdigris. Acetate and carbonate of copfer.) The name formerly given to

the bright green rust, produced by the oxygen of the air and carbonic acid, upon copper,

and its alloys, bronze and brass. The Eomans gave this name
;
they considered

that the mru^o added much to the beauty of their statues ; and adjusted the compo-
sition of their alloys with the view of producing the finest green colour. This was
frequently effected artificially; and to distinguish the real from the artificial they
used for the former the term arugo nohilis. This is the imtina of the Italians ; it

is a form of verdigris. See Verdigris
; Copper, Acetate and Carbonate.

JBTHER. See Ether.
2:thX0PS MIWERAI.. The black sulphide of mercury prepared by nibbing

mercury and sulphui- together. The term JEthiops was applied by the old pharma-
ceutical chemists to several mineral preparations of a black or dark colour.

JEthiops Antimonialis was a sulphide of antimony and mercury.
^THioPS Martialis. Black oxide of iron.

^THiops Narcotictjs. Sulphide of mercury obtained by precipitation.

_
.SIthiops per se. The grey powder obtained by exposing impure mercury to the

air.

AFFINITY. The term used by chemists to denote the peculiar attractive force
which produces the combination of dissimilar substances—as an acid with an alkali,
or of sulphur with a metal. See Chemical Affinity.
A.T'RlCJLN HEMP. A fibre prepared from the leaves of Sansevieria Zeylanica,

a member of tho lily order extensively distributed through tropical Africa and
India.

AFStTCASr TEAS. A valuable wood for ship-building, the produce of Old-
fieldia Africana, Bth., a tree belonging to the spurge order. This wood is to be care-
fully distinguished from the true teak. See Teak.

_
ACAX.IVXATOX.XTE. The ' Figure-stone,' or Pagodite, of China ; "a soft mineral

in which carvings are cbmmonly executed by the Chinese. Under the common name
of agalmatolito, are included several minerals similar .in physical, characters, but
essentially distinct in chemical composition. Tho true agalmatolite is a hydrous
silicate of alumina and potash, closely allied to pinite. Professor Brush has shown
that certain specimens of so-called agalmatolito are really a compact form of
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pyropliyllito (hydrous Bilieato of alumina), whilst oUiors aro Bilicatos of magnosia,'
oithor liydrous or anhydrous.

T.
^ soawood forming a large article of commerce in the East,

It isiroquontly called Bengal Isinglass, from the fact of its being found largely in

AxG
market. It is used for making jollies and for stiffening purposes. See

ACAAXCVSi A genus of the class Fungi, so numerous that 4,000 species
have been enumerated. The mushrooms are of this order. The Agaricus cam-
pestris is tlio one commonly used in this country as food, and from which the
sauce called ketchup is made. In Italy this species is considered poisonous, while
many species used there and in France are unused here. The truffle is a mushroom,
2\ibc9' cibarium, and its commercial value is so great that in Eome the yearly average
of taxed mushrooms from 1837 to 1847 was between 60,000 and 30,000 lbs. weight.
The Agaricus muscaria is a poisonous species, though used by the natives of
Kamtschatka and Korea to produce intoxication ; the Russian name is monchomore,
and an infusion of this taken with some liquor produces raving delirium and not
unfrequently a desire to commit siucido or assassination. Another variety is

beautifully phosphorescent. The Agarici grow in decaying animal or vegetable
matter

;
they are cellular plants, with a rounded thallus on a stalk ; the spores or

seeds occur underneath the cup in the gills or hymenium. Their growth is remarkably
rapid, and there is often great difficulty in distinguishing between the edible and
poisonous varieties.

All the fungi of this genus contain a larger amount of nitrogen than either peas or

beans. The following are a few of the analyses given in Watts's 'Chemical
Dictionary

:

'

Nitrogen.

Agaricus deliciosus . , 4"68.

„ arvensis . . 7'26.

„ muscarius . , 6*34.

Lycoperdon echinatum . , 6'16.

Upon this depends their nutritive properties.

AGATE, {Agate, Fr.
;
Achat, Ger.) The term Agate is not employed to denote any

distinct mineral of uniform composition, but is applied rather to certain mixtures of

siliceous minerals, consisting of different varieties of chalcedony usually associated

with jasper, quartz, amethyst, and other natural forms of silica. The agate is the

oxaTTjs of the Greeks, by whom it was so called after the river in Sicily of that

name (now the DriUo), whence, according to Theophrastus, agates were first procured.

Bochart, with much probability, deduces the name from the Punic and Hebrew,

nakad, spotted.

In some agates, as in certain varieties from Saxony and Bohemia, the chalcedony

and other component minerals have been deposited in fissxires, thus forming true

veins ; but in by far the greater nimiber of cases the materials of the agate have been

formed, layer after layer, in the cavities of a vesicular rock. When the formation of

the agate has proceeded with regularity, a transverse section of the stone exhibits a

number of concentric lines representing the edges of the successive deposits—these

deposits differing one from another in colour, density, and other physical characters,

and thus producing the variegated patterns exhibited by most agates. As the com-

ponent minerals are formed in regular sequence, the successive layers being deposited

from witlwut inwards, it follows that the innermost portion of an agate must always

be the most recent.
•

i r
Agates are usually found either embedded in a rock called onelapliyre, or an the form

of free nodules, liberated by decomposition of the matrix. Although the term

melaphyre has been somewhat loosely applied, it is now generally used to designate a

fine-grained eruptive rock, composed mainly of a felspar—either oligoclase or labrado-

rite—and augite, with more or less magnetic iron-ore: it is chiefly associated with

stratified rocks of palseozoic ago. When fresh, the melaphyre, as its name implies,

{fxiXas, black) is usually of a black or very dark colour, but on weathering it often

becomes green or brown ; it is the altered varieties of melaphyre that most commonly

contain agates. Some varieties are porphjTitic, and were formerly called augitia

porphyry.

Unwilling to admit the igneous origin of the agate-bearing melaphyres, some,

authorities, as Bischof, have maintained that the cavities now occupied by

siliceous minerals have been formed by the removal of crystals in the porphyritic

rock—those cavities having been enlarged and their angles rounded off by subsequent

solution. Although such an explanation may be admissible in certain cases, it seems

much more probable that in by far the larger number of rocks tlic cavities were
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ori^inallv formed by the disengagement of gas or steam at a time when the melaphyre

was in a molten or partially molten state. The formation of such vesicles m a plastic

mass may be weU illustrated by the spongy texture of a loaf of bread. Originally the

form of the bubbles in the viscid rock would bo more or less globular, but by move-

ment of the pasty mass the hollows might become elongated, or, as often happens,

pointed at one extremity; if the mass were slowly moving upwards the point would

be directed downwards. In many cases the cavities have been much extended and

lateraUy compressed ; and hence the agates now occupying such hollows are elongated,

flattened and pointed, thus resembling almonds, and the rock containing them is con-

sequently termed amygdaloidal melaphyre. Evidence of the movement of the viscous

rock-mass is further afforded by the paraUelism often observable in the amygdaloidal

agates as they lie in the rock—the longer axes of these agates being all arranged m
one direction. The smaUer agates are often perfectly amygdaloidal, but the la,rger

specimens are usually distorted. It is likely that the cavities of the large amygdaloids

may have been produced by the coalescence of several smaller vesicles.
_

On the cooling of the igneous mass, water charged with carbonic acid would

percolate through the rock, and effect the decomposition of some of the mineral con-

stituents—the chemical changes being perhaps aided by the heat still lingering in the

rock. The products of this decomposition might be carried into the vesicular cavities,

and thrown down as a lining on their inner walls. Among the first formed of such

products are the minerals called delessite, or ferruginous chlorite, and the somewhat

similar substance termed 'green earth;' many vesicular cavities exhibit nothing more

than a layer of such green minerals, derived x^robably from the decomposition of the

augite in the rock, whilst most agates—especially the smaller ones—when freed from

their matrix present a green external coating of a like nature. In other cases a

hycbous peroxide of iron appears to have been formed, perhaps by further alteration

of the green earth ; and hence many large agates present a rusty exterior or exhibit a

pitted surface due to the former presence of a coating of this mineral. The smaller

cavities in amygdaloidal rocks are commonly fiUed with carbonate of Hme, and the

solid nodules removed from such rocks consequently appear as small green-coated

masses of calcite. But in most cases silica has been separated from the silicates

decomposed in the rock, and has been thrown down in a gelatinous state on the walls

of the cavity as a coating of chalcedony. This coating may be nothing more than a

thin rind, thus forming a hollow agate or geode. It generally happens that crystalline

silica is deposited on the inner surface of the chalcedonic layer, which thus bears a

crop of crystals of quartz—the free pointed ends of these crystals being all directed

towards the centre of the geode. Fine amethysts are often found seated in such

situations. In other cases the cavity may contain stalactitic deposits of chalcedony,

or crystals of calcite, or of various hydrated silicates called zeolites, and rarely of

certain metallic minerals—as iron-glance, copper-pyrites, native copper, &c.

By continued deposition of chalcedony, or of alternate layers of chalcedony and

crystalline quartz, the cavity, may become completely filled, and a solid agate thus

formed.

Many agates exhibit, on section, tubular orifices, which are commonly supposed to

have served as inlets through which the agate-forming materials have been introduced

by infiltration. In some specimens these inlets have become choked up at an early

IJeriod in the history of the stone, and the introduction of fresh matter was thus

prevented ; in other cases the tubes have remained open until the cavity was com-

pletely filled, and connexion has thus been maintained between the very heart of

the agate and the exterior. This ' infiltration theory ' has been staunchly supported

by Von Buch and Noggerath. On the other hand, Haidinger supposed that the silica,

instead of being introduced through special apertures, exuded through the general

walls of the cavity. After a lining had been laid down uniformly over the interior,

more silica in solution might pass from the exterior through this layer by a kind of

osmosis, and thus gain access to the interior. But in describing the modern method
of colouring agates, it will be shown that certain layers of chalcedony are quite

impermeable to fluids, at least under ordinary conditions of temperature and pressure.

As soon, then, as a dense impervious layer was deposited, it would seem at first sight

that all action must cease ; but it has been suggested that siliceous solutions might
still find their way to the interior through the cracks with which agates are almost
invariably rent.

A different theory of agate formation has been advanced by Eeuseh. He supposes
that warm siliceous solutions were from time to time introduced into the cavities by
the action of intermittent thermal springs, the cavities being thus alternately filled

and emptied. The intermission of the action may account for the definite succession
of the deposits, and the sharp lines of separation between the several strata. This
theory has been ingeniously extended by Lange, who seeks to explain the formation of

Vol. L D
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both conconti-ic and horizontal hiyors in tho samo stono, an association often observed
in tho South American agates, and always difficult of explanation. Lango maintains
that when tho gelatinous silica, dopowitod in a warm state, liad choked up tho entrance,
tlie tension of tho nteaiu confined in this closed cavity would cause the siliceous jolly

to bo pressed equally in all directions against the inner surface of the cavity, thus
forming a continuous lining, until tho steam finally burst the coating at its weakest
point, and so etlectedits egress : tlioso-callodinlotsof infiltration may therefore bo really

canals of eruption. If the cavity wore large, the elasticity of the vapour might Ije

insufficient to press tho gelatinous matter against the sides of tho hollow, and the

contents would then bo precipitated, in obedience to the force of gravity, in horizontal

strata on tho floor of tho cavity : hence the co-existence of concentric and horizontal

layers in a single agate.

According to the varying conditions under which the successive strata of an agate

have been formed, different varieties of the mineral aro produced, and many of these

are sufficiently well characterized to receive special names. Thus, when the cavity in

which the stone has been formed presents angular contours, tho layers naturally adapt

themselves to these angles, and the cut stone thus exhibits a zigzag pattern, whence
it is termed fortification agate. If tho deposits form concentric rings the stone is

called ei/e agate. Such trivial names as ribbon agate, landscape agate, clouded agate,

and the like, sufficiently explain themselves. A beautiful brecciated agate, in which

angular fragments of a banded variety are cemented together, chiefly by amethyst, is

well known from Schlottwitz in Saxony.

The colours of agate are arranged in parallel or concentric bands, or assume

the form of clouds or spots, or arborescent and moss-like stains. These colours are

duo to the presence of metallic oxides. When black and white strata alternate, the

stone is called an onyx ; when the layers aro brown, or red and white, it becomes a

sardo7iy.r. If the white stratum of an onyx be so tliin as to appear bluish white, the

stone is termed by jewellers a nicolo. The mocJia stone is a variety containing

dendritic markings due to tho presence of oxide of manganese, or of iron, whilst the

moss agate is a chalcedony, containing green moss-like markings, referable to included

inorganic colouring-matter disposed in these patterns.

The chief localities which yield agates to any extent are the melaphyre rocks in

tho Galgenberg and elsewhere in the neighbourhood of Oberstoin in Ehenish

Bavaria, and the beds of the Eio Pardo, the Taquarie, and other rivers in Uruguay,

which yield tho nodules commonly called ' Brazilian agates.' Fine Oriental agates

are imported from India, chiefly from Cambay, where they are largely cut and

polished. Tho well-lcnown ' Scotch pebbles ' are true agates found in various localities

in Scotland, especially in the amygdaloidal rocks of Kinnoul Hill in Perthshire ; near

Montrose in Forfarshire ; at Dunbar ; at Dunglass in Haddingtonshire, and elsewhere.

The pebbles found on the south coast of England are not true agates, but are simply

flints derived from the upper chalk, and often exhibit patterns due to the presence of

choanites, ventriculites, and other organic remains. At the same time large numbers

of agates are also sold, at low prices, at most English watering-places, but these, so

far from being local ' pebbles,' are generally South American agates, cut and polished

in Germany, whence they are largely imported. Pine pebbles of agate and other

siliceous stones are found in the Vaal Eiver in South Africa, and also in the Nile.

Mr. Daintree has recently described a local eruption of melaphyre, parts of which

contain fine agates, at Agate Creek, a tributary of the Gilbert Eiver in Queensland.

Some beautiful polished examples of Queensland agates were exhibited m the Inter-

national Exhibition of 1872. r.J 1- i.

Agates are used in the arts for a variety of purposes, such as knife-edges of delicate

balances, smaU mortars for chemical purposes, burnishers for gold and silver styles

for -writing, seal-handles, brooches, bracelets, beads, and an endless vanety ot smaU

ornamental objects.
. . n j- vi. „i. 4.1,

These hard stones are cut and polished almost exclusively m a smaU district at tne

foot of the Southern Hundsriick in Western Germany. The works are chiefly situated

along tho Valley of the Idar, a small stream which flows into the Nahe. At a distance

of about 40 miles from Bingen, where the Nahe empties itself into the Khine, the

small town of Oberstein is situated. Obcrstein and Idar—about two miles distant—

are the chief centres of the agate trade. Although it is true that there are many

other localities where agate-working is carried on to a limited extent, it is only in

this district>-at least in Western countries-that the trade is systematically pursued,

and forms tho staple industry. Prom tho low value of laliour, the agates are there

cut and polished at incredibly low prices, and vast quantities of the cut stones are

sent thence to all the continental fairs and watering-places. A largo trade is also

carried on with London, Birmingham, Paris, Now York, and other d.stant localities ;

considerable quantities, too, are exported to the interior of Africa.
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The localisation of the agato industry in the noigliboui-hood of Oberstein and Idar,

at a very early date—certainly more than 400 years ago—may bo traced to the

plentiful occurrence of agates in the surrounding hills, especially in the hill called the

Galgenberg or Steinkaulenberg. These hills consist of a melaphyre, more or less

amygdaloidal, which has burst through the sandstones of the Saarbruck coal-field.

Adits were formerly driven into the hill-side, and the agate-bearing rocks were

systematically quarried. The workings in those quarries have for several years past been

almost, if not entirely, abandoned, chiefly through the large importations constantly

being received from South America.

In 1827 some Idar polishers who had emigrated to Uruguay accidentally discovered

some fine agates, used at that time as paving-stones. Large quantities of the amygda-

loidal nodules were easily collected, as loose pebbles, from the bed of the Eiver

Taquarie, and were despatched to Oberstein by way of Hamburg. The South American

agates are evidently derived from decomposed melaphyre rocks, for although never

found actually embedded in the matrix, portions of the mother-stone are occasionally

seen adhering to the pebbles. As the agate-nodules are obtained without the expense

of quarrying, the cost is confined to that of collecting them from the surface of the

ground, or separating them from the superficial detritus. The stones are brought

down to the coast on mules, or in waggons drawn by oxen, and are received at Porto

Alegre, or at Salto, whence they are taken to Monte Video and Buenos Ayres, and

shipped from these ports to Europe. Formerly they left the country free of duty,

and were brought over as baUast, but an export duty has now to be paid, amounting

in Uruguay to six per cent, of their value, and in Brazil to ten per cent. Arrived at

Hamburg, Antwerp, or Havre, the agates are conveyed by rail to Oberstein—the

rough stones travelling in open trucks, while the choicer carneUans are packed in

cases. The total cost of transport by sea and land amounts to from 3s. to 6s. per

cwt. Large parcels of the agates are displayed in the courtyards of the inns, and

after due advertisement are sold by public auction. Prior to the sale the polishers

inspect the lots, and hreak off samples of the stones, which are taken home and tested

as to their power of taking colom- by methods to be presently described. Prom forty

to fifty auctions take place annually, and though the prices of the stones vary greatly

according to their quality, it may be said that ordinary agates may be bought on an
average for about 15s. per cwt. In 1867, the auction sales for the year realised a
gross sum of nearly 16,000^.

The agates are first roughly dressed with chisel and hammer. Prom the texture of

the stone the experienced workman is able to judge in what directions the stone will

most readily split, and hence by a few skilfully-directed blows he manages to trim

the agate rudely into the shape which it is intended to assume. The more valuable

stones are, however, sawn into shape with emery and water. The grinding is effected

on large red grindstones, mounted on a horizontal axis, and rotating in a vertical

plane. Each axle carries from three to five stones, and communicates on the outside

with a water-wheel. These wheels vary from 10 to 18 feet in diameter, and are
usually undershot. Most of the mills are situated on the Idar, a stream which rises

in one of the highest parts of the Hochwald. At the village of Idar it is about 1,012
feet above the sea-level, and at Oberstein, where it debouches into the Nahe, it is 905
feet high. It is in the Idar valley, between these two villages, that most of the
agate-mills are situated. In consequence of the want of water during a dry season,
the mills often stand idle, and hence in a few of the larger works steam-power has of
late years been introduced. The grindstones, to which the water-wheel or steam-
engine gives motion, are made of new red sandstone, quarried at the Kaiserslautern
near Mannheim, and are about 5 feet in cUameter and one foot in width. They
usually make three revolutions per minute. "When the stones have been badly
selected, or used too soon after having left the quarry, they have been known to fiy

to pieces with groat violence, and in this way several fatal accidents formerly occurred.
The wheels revolve in a well, the horizontal shaft being nearly on a level with the
floor, below which the lower haK of the wheel is concealed. A small stream of water
is introduced by a launder above, and by constantly triclding over the stones keeps
them moist. Two workmen are generally employed, side by side, at each stone. The
workman lies in an almost horizontal position, resting his chest and stomach on a
bare wooden grinding-stool, adapted to the shape of his body, while ho presses his
feet against a block of wood fastened to the floor : the reaction of this flxed block
enables him to apply any object with groat force to the moving grindstone. The
specimen to be ground is either held directly in the hand or applied to the stone by
means of a short pioco of soft wood. The form is given to the object by holding it in
certain channels cut on the circumference of the stone. During grinding, the friction
causes the agato to glow with a beautiful reddish phosphorescent light, visiblo oven
in tho daytime, and quite distinct from sparks elicited by friction. After having been

D 2
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ground, tlio stones are polished mth tripoli on a cylinder of hard wood, or on a j)lato

of tin or load.

An important brancli of the agato trade is that of artificially colouring the stones

—

an art which Ims attained groat perfection in recent times, Lut is far from being a
modern invention. Pliny states (bk. xxxvii. cap. 75) that in Arabia agates are

found which are purified and prepared for the cutter by being heated in honey for

seven days and seven nights. Evidently the more absorption of this sacclmrine matter
into the poros of tho stones would bo insufficient to materially alter the appearanco of

tho agate ; but if tho absorbed honey could have been carbonized by the action of

Bulph\iric acid—as at present practised—the dark colour of the brownish layers

would have been considerably heiglitcned, and tho stones improved for tho cameo-

worker. Believing that this was really tho process described by Pliny, though he

was ignorant of the entire secret, some authorities have argued in favour of the know-

ledge of oil of vitriol by tho ancient Eomans, while others have suggested that tho

native sulphuric acid from volcanic emanations was probably employed ; others, again,

have maintained that the honey was merely charred by exposure to heat, as is said to

be still practised in tho East. Be that as it may, it appears that tho secret of arti-

ficially j)roducing a black colour in agates was for ages handed down traditionally

by the Italian cameo-workers. Erom time to time, Italian travellers visited Idar, and

purchased stones, which were taken to Eome and there colom-ed. At length the secret

of this art oozed out under peculiar circumstances, and, being once known in Idar,

rapidly spread, and has not only been tho means of greatly developing tho agato-

industry, but has, to a largo extent, caused the removal of the seat of stone-engraving

from Italy to Germany.
AU artificial colouration of these hard stones depends for its success on variations

in texture and density presented by the different layers. Sections of agate under tho

microscope often exhibit distinct pores, and the unequal texture of the several layers

is weU seen by the action of hydrofluoric acid, which readily attracts certain strata

while it is resisted by others, thus producing an uneven surface, from which an im-

pression of the agate may be naturally printed—a process which has been beautifully

carried out by Dr. Leydolt. Not only do the component layers of an agate absorb

liquids with different degrees of facility, but the stones as a whole exhibit like diffe-

rences ; some stones absorbing the colour rapidly, others requiring months to do so,

and others, again, entirely refusing to take colour. The South American agates, as a

rule, lend themselves with peculiar facility to this artificial colouration, and are much

more porous than the true German agates.

Black or dark brown colours are those commonly developed in agates—these dark

strata, when alternating with dense white layers, forming beautiful onyxes well fitted

for cameo-work. To produce tho dark colour, the stones, having been well washed

and dried, are placed in honey, thinned with water, and are exposed in a warm place

for several days, in some cases as long as three weeks. The vessel containing them

is heated by being placed in hot ashes or on a stove, but the syrup is never allowed

to boil. After having lain in the warm honey for a sufficient time, depending on the

texture of the stone, they are removed, well washed, and placed in a vessel with

sufficient commercial oil of vitriol to cover them ; the vessel being covered with a slate,

and exposed to a moderate temperature. The sulphuric acid carbonises the saccharine

matter previously absorbed by the porous layers of the agate, and produces a black

or a deep brown colour according as tho action is more or less intense. Olive oil is

used by the Italians instead of honey, but the chemical reactions are, of coiirse,

essentially the same in tho two cases. Some stones blacken in a few hours, others

require several days, while bad stones never take colour. When sufficiently tinted

the stones are removed from the acid, washed, dried, and polished ;
they are then

generally laid in oil to improve the lustre, and are finally dried m bran. Whilst the

charring of the syrup or oil gives a dark colour to tho porous layers, it is said that

tho white colour of tho denser strata is also heightened ; but this is probably merely

the effect of contrast. If the darker parts of the stone should be too deep, the colour

can be ' drawn,' or made lighter by the action of nitric acid.

Tho art of agate-colouration has reached so advanced a state that stones can now bo

tinted to almost any desired huo ; some of tho processes are, however, still kept secret

by tho poUshers. In 1846 the method of colouring agate bhie was first introduced.

This is now effected in various ways. One of the best modes is to submit the stone

successively to the action of solutions of yoUow prussiato of potosh (forrocyanide ot

potassium), and of a per-salt of iron, thus causing a precipitate of Prussian blue to bo

thrown down in the pores of the stone. Or, red prussiate of potash and common

ereen vitriol may be used ; or an ammoniacal sulphate of copper may bo formed, by

placing tho stono in a solution of blue vitriol and then in ammonia. A grem colour was

formerly produced by nitrate of nickel, but it is now obtained by using chromic acid.
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The groen stones aro largely used as artificial chrysoprase and the colour is more

in enfe and said to be mo?o durable than that of the natural chrysoprase K yellow

tint is obtained by prolonged digestion in warm hydrochloric acid, the acid acting on

he oide of iron Lmally present in the stone, and thus forming a ye lowperchloride

One of the commonest and at the same time most easily developed colours is the red

tint of the carnelian. It was long ago observed that yeUow and grey chalcedony

might be caused to assume a bright red colour by mere exposui-e to sunshine, the Heat

being sufficient to expel the water more or less completely from the hydrated peroxide

of iron normally present in the stone. In India it has long been the practice to

convert yeUowish chalcedony into red carnelian by solar heat. Ihe Mar workers

cenorally expose the agates to the heat of an oven, graduaUy raised until all hygro-

scopic water is expeUed. The stones are then moistened with sulphuric acid, and

raised to a red heat, whereby an anhydrous peroxide of iron, of fine red colour, is

developed. Or a pernitrate of iron may be formed by throwing a handful ol old nails

into half-a-pint of aquafortis mixed with .a pint of water, and the stones having been

soaked in this solution are heated so as to decompose the absorbed salt, and cause a

precipitate of ferric oxide in the pores of the agate. Several orgamc colours have

been introduced by the agate-worker, but they are generally fugitive :
mauve and

magenta agates, and other equally unnatural stones, are common in the markets Ihe

ingenuity of the Idar workmen also enables them to imitate successfully the dendritic

markings in mocha-stones.
i

•
i

Another important branch of industry connected with the agate-trade is that oi

mounting the finished objects. Though dignified by the name of Goldschmtede, the

mounters usually work in gilt tomback ; some of the better kinds of agate-ware are

now, however, set in silver. Drilling, engraving, cameo-cutting, and etcliing with

hydrofluoric acid, are also extensively practised in Idar ; and, in addition to agates,

large quantities of Oriental blood-stones and other semi-precious stones, and even

pastes, are largely cut and mounted in this district.

In 1867 there were in Birkenfeld and the neighbourhood 724 grindstones working

in 153 mills. The number of grinders and polishers in Birkenfeld was 1,129, but in

addition to this number about 300 workmen dwelt beyond the limits of the Princi-

pality. There were also about 258 persons engaged in drilling and boring the agates,

and about 700 so-called goldsmiths. Including those employed in the sale of the

stones, in making paper cases, and otherwise connected with the trade, it may bo

said that upwards of 3,000 persons depend for their support on the agate-industry

in the neighbourhood of Idar and Oberstoin.

[For further information on the subject of this Article the reader may consult the

following works :—Billing's 'The Science of Gems,' 1867, p. 48 et seq. ; Kluge,

' Edelsteinkunde,' 1860, p. 401; Lange, 'Die Halbedelsteine aus der Familie der

Quarze und die Geschichte der Achatindustrie,' 1868 ;
Noggerath, ' Die Kunst, Onyxe,

Carneole, Chalcedone u. andere verwandte Steinarten zai farben,' Karsten's ' Archiv.

xxii.' 1848, p. 262, and 'Edin. New Phil. Journ.', xlviii. 1850, p. 166; Noggerath,
' Ueber die Achatmandeln in den Melaphyren,' Haidinger's ' Naturwissentschaftliche

Abhandlungen,' iii. 1850, p. 93; Kenngott, 'Ueber die Achatmandeln in den
Melaphyren, namentlich iiber die von Thesis in Tirol,' Op. cit. iv. 1851, p. 72

;

Haidinger's 'Berichte,' vi. 1860, p. 62 ; Bischof, 'Lehrbuch d. Chem. u. Phys. Geologie,'

ed. 2, ii. p. 853 ; iii. p. 457, 464, 623 et seq. ; Keusch, ' Ueber den Agat
' ;

PoggendorflF's
• Annalen,' cxxiii. 1864, p. 94].—P. W. K.
AGATE. An instrument used by gold-wire drawers, so called from the agate

fixed in the middle of it.

AICR IVXETAIi. An alloy patented in 1860 by Johann Aich, and recommended
for use in ship-building and sheathing. In composition it approaches close to Keir's

metal. The following are found to be the best proportions : copper, 60 lbs. ; zinc,

38 lbs. 2 ozs. ; and iron, 1 lb. 8 ozs. The proportion of zinc may, however,, be
increased to 40 per cent., and that of iron may vary between 0'5 and 3 per cent.

AXXENZTE. A native sulphide of bismuth, lead, and copper, crystallising in
needle-shaped crystals belonging to the prismatic or orthorhombic system. It is

found at Bersow in the Urals, and is believed to occur in Georgia and North Carolina
in the United States.

AZB. The gaseous envelope which surrounds this earth is emphatically so called

;

it consists of the gases nitrogen and oxygon.
About 79 measures of nitrogen, or azote, and 21 of oxygen, with yJoth of carbonic

acid, constitute the air wo breathe. The term air is applied to any permanently
gaseous body. And wo express dilforent conditions of the air, as good air, bad air,
foul air, &c. See Atmosphere.
AZR-BRZCXC. A brick of the ordinary size and kind, but perforated so as to

admit the passage of air through the openings when built into the walls.
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AZR, COMPRSSSED. For its omploymont in Bomo mining operations, boo

MtNINI!.

iHR-ENGXHrE. Tho considorablo expansibility of air by heat naturally suggested

its \iso as a motive power long before theoretical investigation demonstrated its actual

value. Tho groat advance made during the last few years in our knowledge of tho

mechanical action of heat has enabled us to determine with certainty tho practical

result which may bo obtained by the use of any contrivance for employing heat

as a prime mover of machinery. Wo are indebted to Sir Wm. Thomson for tho

fundamental theorem which decides the economy of any thermo-dynamic engine. It

is that in any perfectly constructed engine tho fraction of heat converted into work

is equal to tho range of temperature from tho highest to tho lowest point, divided by

tho highest temperature reckoned from the zero of absolute temperature. Thus, if

wo have a perfect engine in which the highest temperature is 280° and tho lowest 80°

280 80
F., the fraction of heat converted into force will be

^gQ-;^;^^
or rather more than

ono quarter. So that, if we use a coal of which one pound in combustion gives out

hoat equivalent to 10,380,000 foot-pounds, such an engine as we have just described

would produce work equal to 2,806,405 foot-pounds for each pound of coal consumed

in the furnace. Prom tho above formula of Sir Wm. Thomson, it will appear that

the economy of any perfect thermo-dynamic engine depends upon tho range of tem-

perature we can obtiiin in it. And as the lowest temperature is generally'"nearly

constant, being ruled by the temperature of the surface of the earth, it follows that

the higher we can raise the highest temperature, the more economical will be the

engine. The question is thus reduced to tliis :—In what class of engine can we

practically use the highest temperature? In the steam-engine worked with satu-

rated vapour, the limit is obviously determined by the amount of pressure which can

be safely employed. In the steam-engine worked with super-heated vapour

—

i.e. in

which the vapour, after passing from the boiler, receives an additional charge of heat

without being allowed to take up more water—and also in the air-engine, the limit

will depend upon the temperature at which steam or air acts chemically upon the

metals employed, as well as upon the power of the metals themselves to resist the

destructive action of heat. It thus appears that the steam-engine worked -mth super-

heated steam possesses most of the economical advantages of tho air engine. But

when we consider that an air-engine may be made available where a plentiful supply

of water cannot be readily obtained, the importance of this kind of thermo-dynamic

engine is incontestable. The merit of first constructing a practical
_
aur-engine

belongs to Mr. Stirling. Mx. Ericsson has subsequently introduced various refine-

ments, such as the respirator—a reticulated mass of metal, which, by its extensive

conducting surface, is able, almost instantaneously, to give its own temperature to the

air which passes through it. But various practical difficulties attend these refine-

ments, which, at best, only apply to engines worked between particular temperatures.

The least complex engine, and that which would probably prove most effectual in

practice, is that described in the ' Philosophical Transactions,
_
1852, Part I. I* con-

sists of a pump, which compresses air into a receiver, in which it receives aii additional

charge of heat ; and a cylinder, the piston of which is worked by the heated air as it

escapes. The difference between the work produced by the cyhnder and that absorbed

bv the pump constitutes the force of the engine ; which, being compared with the heat

communicated to the receiver, gives results exactly conformable with tho law ot

Sir Wm. Thomson above described.—J.P.J.

Dr Joule has proposed various engines to be worked at temperatures below redness,

which if no loss occurred by friction or radiation, would realise about one-hall the work

due to' the heat of combustion, or about four times the economical duty which has, as

vet, been attained by the most perfect steam-engine.
„e,,oo;onv

A detailed account of Ei'icsson's Calorific Engine may be useM, especially

asl certain amount of success has attended his efforts in applying the expansive

powei of heaTto move machinery. Ericsson's engines have been for some years

L work in the foundry of Messrs. Hogg and Delamater.
/^J

J°
encine beine of fivo and another of sixty horse-power. The latter has toiir

:;iTis Two, of seventy-two inches diameter stand side by e. Over eadi

these is placed ono much smaUer. With n these '^^^P^tons exac^ fitt^^Jg the^^

respective^ cylinders, and so connected, that those within
t^^Jf^J^f ^"J

^^P?^

cylinders move together. Under the bottoni of each of the
^^^^l

is%xpplied, )io other furnaces being employed Neither boilers nor m.^^^^^^^

The lower is called the working cylinder; the "PP^'^. th«
«JP1^'^ '^^^^^^ tnd it

uiston in tho supply cylinder moves down, valves placed in its top open, ana u

hnmrnos filled with cold air As tlio piston rises within it, those valves close, and the

^rwitWnl un^^^^^^^^ as it came, passes through another set of valves into a
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receiver from whence it has to pass into the working cylinder, to force up the worlung

piston within it. As it leaves the receiver to perform this duty, it passes through what

is called the regenerator, where it becomes heated to about 450°
;
and upon entering

the working cylinder, it is further heated by the supply underneath. For the sake of

illustration, merely, lot us suppose that the working cylinder contains double the area

of the supply cyUnder ; the cold air which entered the upper cylinder will, therelore.

but only half fill the lower one. In the course of its passage to the latter, however,

it passes through the regenerator ; and as it euters the working cylinder, we will

suppose that it has become heated to about 480°, by which it is expanded to double

its volume, and with this increased capacity it enters the working cylinder. Wo will

further suppose the area of the piston within this cylinder to contain 1,000 square

inches, and the area of the piston in the supply cylinder above to contain but 600.

The air presses upon this with a mean force, we will suppose, of about eleven pounds

to each square inch ; or, in other words, with a weight of 5,500 pounds. Upon the

surface of the lower piston the heated air is, however, pressing upwards with a like

force upon each of its 1,000 square inches ; or, in other words, with a force which,

after overcoming the weight above, leaves a surplus of 6,600 pounds, if we niake no

allowance for friction. This s\ar^his furnishes the working power of the engine. It

will be seen that after one stroke of its pistons is made, it will continue to work with

this force so long as sufficient heat is supplied to expand the air in the working

cylinder to the extent stated ; for, so long as the area of the lower piston is greater

than that of the upper, and a like pressiu-e is upon every square inch of each, so long

will the greater piston push forward the smaller, as a two-pound weight upon one end

of a balance will be sure to bear down a one-pound weight placed upon the other.

"We need hardly say, that after the air in the working cylinder has forced up the

piston within it, a valve opens ; and as it passes out, the pistons, by the force of

gravity, descend, and cold air again rushes into and fills the supply cylinder. In this

manner the two cylinders are alternately supplied and discharged, causing the pistons

in each to play up and down substantially as they do in the steam-engine.

The regenerator must now be described. It has been stated that atmospheric air is

first drawn into the supply cylinder, and that it passes through the regenerator into

the working cylinder. The regenerator is composed of wire net, like that used in the

manufacture of sieves, placed side by side, until the series attains a thickness of about

12 inches. Through the almost innumerable cells formed by the intersections of the

wire, the air must pass on its way to the working cylinder. In passing through these

it is so minutely divided that all parts are brought into contact with the wires.

Supposing the side of the regenerator nearest the working cylinder is heated to a iiigh

temperature, the air, in passing through it, takes up, as we have said, about 450° of

the 480° of heat required to double the volume of the air ; the additional 30° are

communicated by the fire beneath the cylinder.

The air has thus become expanded, it forces the piston upwards ; it has done its

work—valves open, and the imprisoned air, heated at 480°, passes from the cylinder

and again enters the regenerator, through which it must pass before leaving the

machine. It has been said that the side of this instrument nearest the cylinder is

kept hot ; the other side is kept cool by the action upon it of the air entering in the

opposite direction at each up-stroke of the pistons
;
consequently, as the air from the

worldng cylinder passes out, the wires absorb the heat so effectually, that when it

loaves the regenerator it has been robbed of it all, except about 30°.

The regenerator in the 60-horse engine measures 26 inches in height and width

internally. Each disc of wire composing it contains 676 superficial inches, and the

net has ten meshes to the inch. Each superficial inch, therefore, contains 100 meshes,

which, multiplied by 676, gives 67,600 meshes in each disc
;
and, as 200 discs are

employed, it follows that the regenerator contains 13,520,000 meshes ; and con-

sequently as there are as many spaces between the discs as there are meshes, we find

that the air within it is distributed in about 27,000,000 minute colls. Thence every

particle of air, in passing through the regenerator, is brought into very close contact

with a surface of metal which heats and cools it alternately. Upon this action of the

regenerato;?, Ericsson's Calorific Engine depends. In its application on the large

scale, contemplated in the great Atlantic steamer called ' The Ericsson,' tho result

was not satisfactory. "Wo may, however, notwithstanding this result, safely predi-
cate, from tho investigation of Messrs. Thomson and Joule, that the expansion of
air by heat will eventually, under some conditions, take the place of steam as a motive
power.

AIR-OBATIXfG-. A kind of air-brick built into walls to admit air under the
floors or into close places. Air-gratings are often made of iron.

AXR-Girar. This is a weapon in which the elastic force of air is made use of to
project the ball. It is so arranged, that in a cavity in the stock of tho gun, air can be,
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Ly moans of a piston, powerfully condensed. Hero is a reserved force, which, upon
its being relieved from prossvu-e, is at once exerted. "When air has boon condcnsod
to about ith of its bulk, it oxorts a force which is still very inferior to that of gun-
powder. In many other respects the air-gun is but an imperfect weapon, consequently
it is rarely employed.
AXR-HOXiES. The cavities in a metal casting—produced by the escape of air

through tho liquid metal.

AZR-PVIVXP. A machine by which tho air can be exhausted from any vessel con-
taining it. It is employed in scientific investigations for exhibiting many very
interesting phonomona in connection with the pressure of air, and its presence
or absence; and it is connected with, and forms an important part of, the improved
modern steam-engine. Similar machines are also used for condensing atmospheric
air ; these have been employed on a largo scale in some civil engineering purposes.
For a description of the Sprengel pump, see Aspibatok.
AIR-SHAZ'T. In Mining, a shaft devoted to the purpose of miaintaining the

circulation of air in a colliery or metalliferous mine. (See Mining, Ventilation.)
AZSO-HYDROGEia- BI.OWPIPE. A blowpipe in which air is used in the

plade of oxygen, to combine with and give intensity of heat to a hydrogen flame for

the piirposes of soldering. See Autogenous Soldering.
AJUTAGE. A tube through which water is discharged—as in a fountain.

AIiABilSTER. Gypsum {Albdtre, Fr.; Alabaster, Ger.), a sulphate of lime.

(See Alabaster, Oriental.) When massive, it is called indiflForently alabaster or

gypsum ; and when in distinct and separate crystals, it is termed selenite. Massive
alabaster occurs in Britain in the new red or keuper marl : in Glamorganshire, on the

Bristol Channel ; in Leicestershire, at Syston ; at Tutbury and near Burton-on-Tront,

in Staffordshire ; at Chellaston, in Derbyshire ; near Droitwich it is associated in the

marl with rock salt, in strata respectively 40 and 75 feet in thickness; and at

Northwich and elsewhere the red marl is intersected with frequent veins of gypsum.

At Tutbury it is quarried in the open air, and at Chellaston in caverns, where it is

blasted by gunpowder : at both places it is burned in kilns, and otherwise prepared

for the market. It lies in irregular beds in tho marl, that at Chellaston being about

.30 feet thick. There is, however, reason to suppose that it was not originally

deposited along with the marl as sulphate of lime, but rather that calcareous strata,

by the access of sulphuric acid and water, have boon converted into sulphate of lime

—

a circumstance quite consistent with the bulging of the beds of marl with which the

gypsum is associated, tho lime, as a sulphate, occupying more space than it did in its

original state as a carbonate. At Tutbury, and elsewhere, though it lies on a given

general horizon, yet it can scarcely be said to be truly bedded, but ramifies

among the bods and joints of the marl in numerous films, veins, and layers of fibrous

gypsum. A thick bed of white crystalline alabaster, or gypsum, has been discovered

during the Sub-Wealden Exploration in Sussex. It occurs in beds which are probably

of Purbeck age.

A snow-white alabaster occurs at Volterra, in Tuscany, much used in works of art

in Florence and Leghorn. In the Paris basin it occurs as a granular crystalline rock,

in the lower Tertiary rocks, known to geologists as the upper part of the Middle

Eocene freshwater strata. It is associated -with beds of white and green raarls
;
but

in the Thiiringerwald there is a groat mass of sulphate of lime in tho Permian strata.

It has been sunk through to a depth of 70 foot, and is believed to bo metamorphosed

magnesian limestone or Zechstoin. In the United States this calcareous salt occurs

in numerous lenticular masses in marly and sand strata of that part of the Upper

Silurian strata known as the Onondaga salt group. It is excavated for agncultural

purposes. For mineralogical character, &c., see Gypsum.—A. C. E.

The fineness of tho grain of alabaster, the uniformity of its texture, the beauty of its

polished surface, and its semi-transparency, are the qualities which render it valuable

to the sculptor and to the manufacturer of ornamental articles.
_

The alabaster is worked with the same tools as marble ; and as it is mauy degrees

softer, it is so much the more easily cut; but it is more difiBcult to polish from its

little solidity. Ailor it has been fashioned into the desired form, and smoothed down

wdth pumice-stone, it is polisli^d with a pap-like mixture of chalk, soap, and milk ;

and, last of aU, finished by friction with flannel. It is apt to acqiure a yellowish

^"Besides tho harder kinds, employed for the sculpture of largo figures, thoro is a

softer alabaster, pure Avhite and somi -transparent, from which snuill ornamonta

obiccts are made, such as boxes, vases, lamps, stands of timepieces, &c. ihis brancJ

of business is much prosecuted in Florence, Leghorn, Milan, &c., and employs a great

many turning-lathes Of all the alabasters, the Florentine merits tho proferonce

on icount of its beauty and uniformity. Other sorts of gypsum, such as that
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, , , . „.„j ^flins and hard nodules, add roquira to be

of Sabbnrg and Au.te.a contom ™f S aro apt to crack it anil render it

iinute files. Fine chisels and gi-aving tools are also used for the better pieces

''^EorShine such works, a peculiar process is required: pumice-stone in fine

ponder! e^t^'to smooth do^n tL surfac'es very weU. but it sf the -^te-s

thfl alabaster To take away the unevenness and roughness, dried sbave grass

LmSS answersS Friction with this plant and water polishes down the aspe-

Ss lerby
™

fine streaks left by the grass may be removed by rubbing

pieces ^^h slaked lime, finely pulverised, sifted, and made into a P-t^^^^^^^

Tjuttv-powder (oxide of tin) and water. The polish and satin-lustre of the surface are

LmmuSed by friction, &st with soap-water and Ume, and finaUy with powdered

and elutriated talc or French chalk.
. . , , „„^r^n=«^ nf miipk-

Such articles as consist of several pieces are joined by a cement composed of qmck

Hme and white of egg, or of weU-calcined and weU-sifted Pans plaster, mixed with

'"-'^S^LrZr^'^^^^^^^ become yeUow by keeping, and are espe^Uy

injured by smoke, dust, &c. They may be m some measure restored byj^ashing

with soap and water, then with clear water, and again polished with shave-grass

Grease-spots may be removed either by rubbing with talc powder, or with oil ot

"^"^ThfSace of alabaster may be etched by covering over the parts that are not to

be touched with a solution of wax in oil of turpentine,^ thickened with white lead

and immersing the articles in pure water afcer the varnish has set. The action ol

the water is continued from 20 to 50 hours, more or less, according to the depth to

which the etching is to be cut. After removing the varnish with oil of turpentine,

the etched places, which are necessarily deprived of their polish, should be rubbed

with a brush dipped in finely-powdered gypsum, which gives a kind of opacity, con-

trasting well with the rest of the surface.
, .. . ^ J.

Alabaster may be stained either with metallic solutions, with spirituous tinctures ot

dyeing plants, or with coloured oils, in the same way as marbles.

AIiABASTER, ORIENTAt. Oriental alabaster is a form of stalagmitic or

stalactitic carbonate of lime, an Egyptian variety of which is highly esteemed. It is

also procured from the Pyrenees, from Chili, and from parts of the Umted States of

America. Ancient quarries are still in existence in the province of Oran, jn_ Algeria.

The well-known 'Gibraltar stone' and the Californian marble are similar sta-

lagmitic forms of carbonate of lime. This Oriental alabaster, or alabaster of the

ancients, is to be carefully distinguished from the mineral now commonly known as

alabaster ; the former is a carbonate, t-he latter a sulphate of lime. See Onyx,

AlXSEUIAN.

AX.BAM'. A white resinous substance extracted from gutta-percha by either

alcohol or ether. See GuiTA-PEECfiA.

AIiBAlirx STONE. {Lapis olhanus). The Peperino of modern geologists. A
dark volcanic tufa found in Italy, much used at Eomo before building with niarble

became common. The Italian name peperina is derived from pepe, pepper, which it

somewhat resembles.

AXiBATA PIiATE, a name given to one of the varieties of white metal now so

commonly employed. See Coppbb and Alioys.

AlbBERTXTE. A jet-black mineral substance resembling asphalt, discovered in

1849 at Hillsborough, in Albert Co., New Brunswick. It occurs in irregular fissures

in Lower Carboniferous rocks, and is now usually regarded as the rcsidtio left on the

drying-up of a groat body of petroleum. ' The deposit of the Albert mine would thus

be a vein or fissure constituting an ancient reservoir of petroleum, which, by the loss

of its more volatile parts and partial oxidation, has been hardened into a coaly

siibstance.' (Dawson). Albertito has been largely used in the United States for the

distillation' of oil and coke. The yield per ton is said to be 100 (crude) gallons of

oil, and 14,500 cubic feet of illuminating gas, while a residue of good coke remains in

the retorts.



42 ALCOHOL
AI.BZTE. A soda felspar. Soo Fklspae.
AI.BOl,ITH. A comont prepared by calcining native carbonate of magnesia

(,mafj;iiesit„) .uxd iinxiiif); Mio magnosia thus obtained with silica.
ii.I.BVIVX GRJECUM. The white ffeces of dogs, hysenas, &c. After the hair

iias boon removed from skins, this is used to preserve the softness of them, and
prepare them for the tan-pit. Fowls' dung is considered by practical tanners as
superior to the dung of dogs, and this is obtained as largely as possible. These
excreta may bo said to bo essentially phosphate of limo and mucus. We are informed
that various artificial compounds which represent, chemically, the conditions of those
natural ones, have been tried without producing the same good results. It is a reflec-
tion on our science, if this is really the case. Album Grsecum is frequently found
fossilised in bone-caverns which have been used as hyaena dens.

il.X.BVMEia- or AXiBTrMZir. {Album Ovi.) Albumen is a substance which
forms a constituent part of the animal fluids and solids, and which is also found in the
vegetable kingdom. It exists nearly pure in the white of egg. Albumen 'according
to several analyses consists of :

—

Carbon 53-4
Hydrogen 7'1

Nitrogen 157
Sulphur 1-3

Oxygen (according to LieberJaihn) . . 22-1

The coagulation of albumen by heat is illustrated in the boiling of an egg. The
salts of tin, bismuth, lead, silver, and mercury form with albumen white insoluble
precipitates

; therefore, in cases of poisoning by corrosive sublimate, nitrate of silver,

or sugar of lead, the white of egg is the best antidote which can be administered.
Albumen is employed for clarifying vinous and syrupy liquids ; when boiled with

them it coagulates and entangles the colouring matter, either falling to the bottom
or floating on the surface of the fluid, according to its specific gravity. In this way it

is employed, especially as it is found in the serum of blood, in sugar-refining. It is

also used in fixing the colours in calico-printing. It is employed in photography, and
mixed with recently slaked limo it forms a very useful cement, becoming in a short

time as hard as stone.

Vegetable Albumen is identical in composition with that of the white of egg. It

is abundant in nearly all the roots used for food, as the potato, turnip, carrot, &c. It

is found in large quantity in wheat-flour, and in most oleaginous seeds. See Watts's
' Dictionary of Chemistry.'

AIiBUnXEM'ISEB PAPER. A paper prepared with the white of egg for photo-

graphic purposes. See Photoghapht.
AS^BUMIIffOIBS. A term applied to compounds which play an important part

in the economy of both animal and vegetable life. The more important are Albumen,
FiBHiN, and Casein.

AliCARAZZAS. Porous earthenware vessels made in Spain from a sandy marl,

and but sUghtly fired. They are used for cooling liquors. Those vessels are made
in France under the name of hi/droceramcs ; similar kinds of earthenware are also

manufactured in Staffordshire and Derbyshire.

AIiCXDX:. A family of sea-birds, to which the Guillemots and Penguins belong.

The Patagonian Penguin is larger than a goose, slate-coloirred on the back, and white

with a black mark on the breast, encircled by a citron-yellow cravat. The plumage

is very close, and the breast is used as tippets and for trimming ladies' dresses.

The black Guillemot (
Uria grylle) also yields its feathers to meet tht» requirements

of fashion.
, , , .

AIiCOKOlb. {Alcool, Fr. ; Alkohol, or Wdngdst, Ger.) The word alcohol is

derived from the Hebrew word ' kohol'
^|-|D

pa^nt. The Oriental females were and

are still in the habit of painting the eyebrows with various pigments ; the one generally

employed was a preparation of antimony, and to this the term was generally applied.

It became, however, gradually extended to all substances used for the purpose,

and ultimately to strong spirits, which were employed, probably, as solvents

for certain colouring principles. The term was subsequently exclusively used

to designate ardent spirits, and ultimately the radical or principle upon which their

strength depends.
i j-

As chemistry advanced, alcohol was found to be a member only of a class of bodies

agreeing with it in general characters ; and hence the term is now generic, and we

speak of the various alcohols. Of these, common or vinous alcohol is the best known

;

and, in common life, by ' alcoholic liquors,' we invariably moan those containing the

original or vinous alcohol.
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men the characters of ordinary alcohol have been stated, allusion will be made to

the class of bodies of ^vhich this is the typa
antiquity. We read

Fermented M™^^ pltteTf^in^ard, and L Lijc of the

era also Ji^-tly^-p:^^^^ Egyptians drank a

(Odyssey IX. and
-^-i' ^^'L/^ ^^en fermented liquors were submitted

Th. de Saussure.* ^ ^r, .

The preparation of alcohol may be divided into three stages .—

1 The production of a fermented vinous liquor—the Fermentation,

2. The preparation from this of an ardent spirit-the Distillation

3. The separation from this ardent spirit of the last traces of water-the

Eectification.

1. Fermentation. The term 'fermentation' is now applied to those mysterious

changes which vegetable (and animal) substances undergo when exposed, f ^ certain

emperature, to contact with organic or even organised bodies in a ^t^/^
"[^^^ ^nce

There are several bodies which sulfer these metamorphoses, and under the influence

of a great number of different exciting substances, which are termed the f™^^^^

moreover, the resulting products depend greatly upon the temperature at which the

°^Th? Ser^known and best studied of these processes is the one commonly

recognised as the vinoics or alcoholic fermentation.
, . ^r. i

In this process solutions containing sw^'ar—either the juice of the grape (see

Wine) or an infusion of germinated barley, malt (see BEER)-are mixed with a

suitable quantity of a ferment; beer or wine yeast is usually employed (s^ Ye^st),

and the whole maintained at a temperature of between 70° and 80 ±. (^1 to

26° C )

Other bodies in a state of putrefactive decomposition will effect the same result as

the yeast, such as putrid blood, white of egg, &c.
, „ , i. ^

The liquid sweUs up, a considerable quantity of froth collects on the surface, and

an abundance of gas is disengaged, which is ordinary carbonic acid (CO^). The

composition of (pure) alcohol is expressed by the formula C* H" 0^ (C- K« O), and it

is produced in this process by the breaking up of gra^e sugar, C'« H'^ 0'^. 2ilU

(C K'* 0«. O) into alcohol, carbonic acid, and water, thus :

—

CI2 H'- 0>2. 2H 0 = 20* H» 0* + 40 0^ + 2H 0
V ^ 1

*— 1—— •—•
—

'

grape-sugar. alcohol. caibonic acid.

C8 K'2 O". O = 2C= K8 O + 2C O-

It is invariably the gra'pe sugar which undergoes this change ; if the solution con-

tains cane sugar, the cano sugar is first converted into grape sugar under the influence

of the ferment. See Sugae.

Much diversity of opinion exists with respect to the office which tho ferment per-

forms in this process, since it does not itself yield any of the products. See Feb-

MENTATION.
The liquid obtained by the vinous fermentation has received different names,

according to the source whence the saccharine solution was derived. When pro-

cured from the expressed juice of fruits—such as grapes, currants, gooseberries.

&c.—the product is denominated wine; from a decoction of malt, ale or beer ; from

a mixture of honey and water, mead; from apples, cider; from the leaves and small

branches of spruce-fir {Abies excelsa, &c.), together with sugar or treacle, spruce;

from rice, rice beer (which yields the spirit arrack); from cocoa-nut juice, palm

wine.

It is an interesting fact that alcohol is produced in veiry considerable quantities (in

the aggregate) during the raising of bread. The carbonic acid which is generated in

the dough, and which during its expulsion raises the bread, is one of the products of

tho fermentation of tho sugar in tho flour, under the influence of the yeast added

;

and of course at the same time the complementary product, alcohol, is generated. As

' Thomson's History of Chemistry, i. 41. (1830). • Annales de Chimte. xlii. 225.
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Messrs. Eonakls and Eichardson remark :

' • the enormous amount of Ijread that is
baked in largo towns—in London, for instance, 8-8 millions of cwts. yearly—would
roncior the small amount of alcohol contained in it of sufficient importance to be worth
collecting, provided this could bo done sufficiently cheaply.' In London it has been
estimated that in this way about 300,000 gallons of spirit are annually lost ; but the
cost ot collecting it would far exceed its value.

2. Distillation. By the process of distillation, ardent spirits are obtained, which
have likewise received diffiirent names according to the sources whence the fermented
liquor has been derived : viz. that produced by the distillation of M'ine being called
brandy, and in Franco cognac, or can da vie; that produced by the distillation of the
fermented liquor from sugar and molasses, rww. There are several varieties of spirits
made from the fermented liquor produced from the cereals (and especially barley),
known according to their peculiar methods of manufacture, flavour, &c.—as whisky,
gin, Hollands—tho various compounds and liqueurs. In India, the spirit obtained
from a fermented infusion of rice is called arrack.

3. Bectification ; preparation of absolute alcohol. It is impossible by distillation
alone to deprive spirit of the whole of the water and other impurities—to obtain, in
fact, pure or absolute alcohol.

This is effijcted by mixing with the liquid obtained after one or two distillations,
certain bodies which have a powerful attraction for water. The agents commonly
employed for this purpose are quicklime, carbonate of potash, anhydrous sulphate of
copper, or chloride of calcium. Perhaps the best adapted for tho piu*pose, especially
whore large_ quantities are required, is quicklime ; it is powdered, mixed in the retort
with tho spirit (previously twice distilled), and the neck of the retort being securely
closed, the whole is left for 24 hours, with occasional shaking

;
during this period the

lime combines with the water, and then on carefully distilling, avoiding to continue
the process until the last portions come over, an alcohol is obtained which is free

from water. If not quite free, the same process may be again repeated.

In experiments on a small scale, an ordinary glass retort may be employed, heated
by a water-bath, and fitted to a Liebig's condenser cooled by ice-water, which passes
lastly into a glass receiver, similarly cooled.

Although alcohol of sufficient purity for most practical purposes can be readily

obtained, yet the task of procuring absolute alcohol entirely free from a trace of water,

is by no means an easy one.

Mr. Drinkwater* effected this by digesting ordinary alcohol of specific gravity '^SO

at eC^ F. for 24 hours with carbonate of potash previously exposed to a red heat; the

alcohol was then carefully poured off and mixed in a retort with as much fresh-burnt

quicklime as was sufficient to absorb the whole of the alcohol; after digesting for 48

hours, it was slowly distilled in a water-bath at a temperature of about 180° F. This

alcohol was carefully redistilled, and its specific gravity at 60° F. found to be '7947,

which closely agrees with that given hj Gay-Lussac as the specific gravity of

absolute alcohol. He found, moreover, that recently ignited anhydrous sulphate of

copper was a less efficient dehydrating agent than quicklime.

Graham recommends that the quantity of lime employed should never exceed

three times the weight of the alcohol.

Chloride of calcium is not so well adapted for the purification of alcohol, since the

alcohol forms a compound with this salt.

Many other processes have been suggested for depriving alcohol of its water.

A curious process was proposed many years ago by Soemmering,' which is depen-

dent upon the peculiar fact, that whilst water moistens animal tissues, alcohol does

not, but tends rather to abstract water from them. K a mixture of alcohol and water

be enclosed in an ox bladder, tho water gi-adually traverses the membrane and evapo-

rates, whilst the alcohol does not, and consequently by the loss of water the spirituous

solution becomes concentrated.

This process, though an interesting illustration of exosmose, is not practically ap-

plicable to the production of anhydrous alcohol ; it is, however, an economical method,

and well suited for obtaining alcohol for tho preparation of varnishes. Smugglers,

who bring spirits into France in bladders hid about their persons, have long known,

that although the liquor decreased in bullc, yet it increased in strength
;_
hence tho

people preferred the article convoyed clandestinely. Professor Graham ingeniously

proposed to concentrate alcohol as follows :—
i i

•
i

'A largo shallow basin is covered, to a small depth, with recently burnt quick-

lime, in coarse powder, and a smaller basin, containing three or four ounces of com-

• Chemical Technology, by Dr. P. Knapp : edited by Messrs. Ronalds and Richi^son. Vol. iii. !!)!>.

» On the Preparatioii of Absolute Alcohol, and the Ocmpositiou of Proof Spirit. See Memours of

the Chemical Society, vol. iii. p. 447.
, i-n j. loat

» Soemmering :
' Denlcschrlften d. k. Akod. d. Wisi^cnechaften zu MUnchen,' 1<11 to 1824.
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, , • A t.^ -H^cf iirinn thn lime • the -whole is placed under the low

""tr'oftn a^^^^^^^^
""'^ evinces signs

TZluSon Of^^rSingled vapours of alcohol and water which now _fil the re-

ofebulhhon utme^^^^
^ only, which is therefore

days are always required for this purpose.

Properties of Alcohol (^Absolute).

In the state of purity, alcohol is a colourless liquid,
.^^g^^ \f
—

^.^^o^^^^^^^

w^th a Dale blue flame, very volatile, and having a density of 0 792 at 15 5 O. (bO

Tn^ZtaS^) It boils^t 78-4° C. (173° F.) It has never yet been solidified.

of ethvle It has a powerful affinity for water, removing the water from moist

substSces with which it is brought in contact. In consequence of this property,

t a Lacts wTter from the air, and'rapidly becomes weaker, unless kept m very weU-

stopped vessels. In virtue of its attraction for water, alcohol is very valuable for the

preservation of organic substances, and especially of anatomical preparations m con-

soquence of its causing the coagulation of albuminous substances; and for the same

reason it causes death when injected into the veins.

When mixed with water a considerable amount of heat is evolved, and a remark-

able contraction of volume is observed, these effects being greatest with 54 per

cent of alcohol and 46 of water, and thence decreasing with
_
a greater proportion of

water For alcohol which contains 90 per cent, of water, this condensation amounts

to 1-94 per cent, of the volume ; for 80 per cent., 2-87 ; for 70 per cent., 3-44
;
for 60

per cent , 373 ; for 40 per cent., 3-44 ; for 30 per cent., 272 ; for 20 per cent., 1-72 ;

for 10 per cent., 072.
. , , . ^ i> ^ x. ^

'

a
Alcohol is prepared absolute for certain purposes, but the mixtures of alcohol and

water commonly met with in commerce are of an inferior strength. Those commonly

sold are 'Eectified Spirit 'and 'Proof Spirit.' ^ ,

' Proof Spirit' is defined by Act of Parliament, 58 Geo. III. c. 28, to be such as

shall, at the temperature of fifty-one degrees of Fahrenheit's thermometer, weigh

exactly twelve-thirteenth parts of an equal measure of distilled water.' And by

very careful experiment, Mr. Drinkwater has determined that this proof spirit has

the following composition :

—

Alcohol and Water
Specific Gravity

at CO" F.

Bulk of the mixture
of 100 measures of

Alcohol, and 81-82

of Water
By weight By measure

Alcohol Water

100 + 103-09

49-24 + 50-76

Alcohol Water

100 + 81-82 •919 175-25

Spirit which is weaker is called 'under proof;' and that stronger, 'above proof,'

The origin of those terms is as follows :—^Formerly a very rude mode of ascertaining

the strength of spirits was practised, called the proof; the spirit was poured upon

gunpowder and inflamed. If, at the end of the combustion, the gunpowder took fire,

the spirit was said to be above or over proof. But if the spirit contained much water,

the powder was rendered so moist that it did not take fire : in which case the spirit

was said to "be under or below proof.

Rectified spirit contains from 54 to 64 per cent, of absolute alcohol ; and its specific

gravity is fixed by the London and Edinburgh Colleges of Physicians at 0-838. whilst

the Dublin College fixes it at 0-840.

In commerce the strength of mixtures of alcohol and water are stated at so many
degrees, according to Sykes's hydrometer, above or below proof, This instrument will bo
explained under the head of Axcoholometey.
Ah wiU have been understood by the preceding remarks, the specific gravity or

density of mixtures of alcohol and water rises with the diminution of the quantity of
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alcohol present; or in other words, wth the amount of water. And since the
strongtli ot spirits is doterrainod by ascertaining thoir density, it becomes highly im-
portant to determine the precise ratio of this increase. Tliis increase in density with
the amount of water, or diminution with the quantity of alcoliol, is, however, not
mrectly proportional, m consequence of the contraction of volume which mixtures of
alcohol and water suffer.

It therefore became noceesary to determine the density of mixtures of known
composition, prepared artificially. This has been done with great care by Mr
Drinkwator ;

» and the following Table by him is rocommondod as one of the most
accurate ;

—

Table of the Quantity of Alcohol, by weight, contained in Mixtures of AlooM and
Water of thefollowing Specific Gravities

:

—

SriAnifirt

Gravity at
C0° P.

Alcohol
percent.

by
weight.

Gravity
at 60° P.

Alcohol
per cent,

by
VV IIV*

Specinc
Gravity
at 60° P.

Alcohol
per cent,

by

Specific

Gravity
at 60° P.

Alcohol
percent.

by
weight.

Speclflc

at C0° P.

Alcohol
percent.

by
weight.

1-0000 0-00 •9967 1-78 •9934 3-67 •9901 5^70 •9869 7-85
•9999 005 •9966 1^83 •9933 3-73 •9900 5-77 •9868 7^92
•9998 Oil •9965 1-89 •9932 3^78 •9899 5-83 •9867 7-99
•9997 0-16 •9964 1-94 •9931 3-84 •9898 5^89 •9866 8^06

! -9996 0-21 •9963 1-99 •9930 3^90 •9897 5^96 •9865 8^13
•9995 0-26 •9962 2-05 •9929 3^96 •9896 6-02 •9864 8^20
•9994 0-32 •9961 2^11 •9928 4-02 •9895 6-09 •9863 8-27
•9993 0-37 •9960 2^17 •9927 4-08 •9894 6-15 •9862 8-34
•9992 0-42 •9959 2-22 •9926 4^14 •9893 6-22 •9861 8^41

•9991 0-47 •9958 2-28 •9925 4^20 •9892 6^29 •9860 8-48
•9990 0-53 •9957 2^34 •9924 4-27 •9891 6-35 •9869 8-55

•9989 0-58 •9956 2-39 •9923 4-33 •9890 6-42 •9858 8^62

•9988 0-64 •9955 2-45 •9922 4-39 •9889 6-49 •9857 8^70

•9987 0-69 •9954 2-51 •9921 4^45 •9888 6-55 •9856 8^77

•9986 0-74 •9953 2-57 •9920 4-51 •9887 6^62 •9855 8-84

•9985 0-80 •9952 2-62 •9919 4^57 •9886 669 •9854 8^91

•9984 0-85 •9951 2^68 •9918 4-64 •9885 6^75 •9853 8^98

•9983 0-91 •9950 2-74 •9917 4-70 •9884 6-82 •9852 9-05

•9982 0-96 •9949 2^79 •9916 4^76 •9883 6-89 •9851 9^12

•9981 1-02 •9948 2-85 •9915 4^82 •9882 6^95 •9860 9^20

•9980 1-07 •9947 2-91 •9914 4-88 •9881 7-02 •9849 9-27

•9979 1^12 •9946 2-97 •9913 4^94 •9880 7-09 •9848 9-34

•9978 1^18 •9945 3-02 •9912 5-01 •9879 7^16 •9847 9^41

•9977 1-23 •9944 3^08 •9911 5-07 •9878 7^23 •9846 9^49

•997(i 1-29 •9943 3^14 •9910 5^13 •9877 7-30 •9845 9^56

•9975 1-34 •9942 3-20 •9909 5^20 •9876 7-37 •9844 9^63

•9974 1-40 •9941 3-26 •9908 5^26 •9875 7-43 •9843 9^70

•9973 1-45 •9940 3^32 •9907 5-32 •9874 7^50 •9842 9^78

•9972 1^51 •9939 3^37 •9906 5-39 •9873 7-57 •9841 9^85

•9971 1-56 •9938 3-43 •9905 5^45 •9872 7^64 •9840 9-92

•9970 1-61 •9937 3^49 •9904 5^51 •9871 7^71 •9839 9^99

•9969 1-67 •9936 3-55 •9903 5-58 •9870 7-78 •9838 10^07

•9968 1-73 •9935 3-61 •9902 5-64

The preceding Table, though very accurate as far as it goes, is not sufficiently

extensive for practical purposes, only going, in fact, from 6 to 10 per cent, of alcohol

;

the Table of Tralle's (page 50) extends to 50 per cent, of absolute alcohol.
_

Moreover, Drinkwater's Table has the (practical) disadvantage (though scientifically

more correct and useful) of stating the per-contage by weight ; whereas in Tralle's

Table it is given by volume. And since liquors are vended by measure, and not by

weight, the centesimal amount by volume is usually preferred. But as the bulk of

liquids generally, and particularly that of alcohol, is increased by heat, it is necessary

that the statement of the density in a certain volume should have reference to some

normal temperature. In the construction of Tralle's Table the temperature of the

' Memoirs of the Chemical Society, vol. iil. p. 454.
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Uquids was 60° F. ; and of course, in using it, it is necessary that the density should

^^^rrrr^tfcSverSSatoment of the composition by volume \nto the content by

iaU it is only necessary to multiply the per-centage of alcohol by volume by the

rpecffic^rvity of a^^^^^^^ alcohol, and then divide by the specific gravity of the

""^Sas been thought desirable to retain the following remarks by Dr. Ure, and to

rrivo Mr. Gilpin's Tables in addition to the others.
^ i t, r^

Theimportance of extreme accuracy in determining the density of alcoholic mix-

tures in the United Kingdom, on account of the great revenue derived from them to

S state, and their consequent high price in commerce, induced the Lords of the

Seasurr a few years ago to request the Eoyal Society to examine the construction

iud mode of applying tiie instrument now in use for ascertaining and charging the

dStv on spirits This instrument, which is known and described in the law as Sikes s

hydrometer, possesses, in many respects, decided advantages over those formerly in

use The (Committee of the Koyal Society state, that a definite mixture of alcohol

and water is as invariable in its value as absolute alcohol can be
;
and can be more

readily, and with equal accuracy, ideptified by that only quality or condition to which

recourse can be had in practice, namely, specific gravity. The committee further

nroDosed. that the standard spirit be that which, consisting of alcohol and water alone,

shall have a specific gravity of 0-92 at the temperature of 62° F., ^ater being unity at

the same temperature ;
or, in other words, that it shaU at 62° weigh ^%ths or t^ths

of an equal bulk of water at the same temperature.

This standard is rather stronger than the old proof, which was i-ths or 0-923
;
or

in the proportion of nearly M gallon of the present proof spirit per cent. The pro-

posed standard wiU contain nearly one-half by weight of absolute alcohol. Ihe

hydrometer ought to be so graduated as to give the indication of strength
;
not upon

an arbitrary scale, but in terms of specific gravity at the temperature of 62°.

The committee recommend the construction of an equation table, which shall

indicate the same strength of spirit at every temperature. Thus in standard spirit

at 62° the hydrometer -would indicate 920, which in this table would give proof

spirit. If that same spirit -were cooled to 40°, tlie hydrometer -would indicate

some higher number; but which, being combined in the table with the temperature

as indicated by the thermometer, should still give proof or standard spirit as the

result.

It is considered advisable, in this and the other tables, not to express the quabty

of the spirit by any number over or under proof, but to indicate at once the number

of gallons of standard spirit contained in, or equivalent to, 100 gallons of the

spirit under examination. Thus, instead of saying 23 over proof, it is proposed

to insert 123 ; and in place of 35-4 under proof, to insert its difference to 100,

or 64-6.

It has been considered expedient to recommend a second table to be constructed,

so as to show the bulk of spirit of any strength at any temperature, relative to a

standard bulk of 100 gallons at 62°. In this table a spirit which had diminished in

volume, at any given temperature, 0*7 per cent., for example, would be expressed by
99-3 ; and a spirit which had increased at any given temperature 07 per cent., by

100- 7.

When a sample of spirit, therefore, has been examined by the hydrometer and

thermometer, these tables will give first the proportion of standard spirit at the ob-

served temperature, and next the change of bulk of such spirit from what it would be

at the standard temperature. Thus at the temperature of 51°, and with an indication

(specific gravity) of 8,240, 100 gallons of the spirit under examination would be shown

by the first table to be equal to 164-8 gallons of standard spirit of that temperature

;

and by the second table it would appear that 99-3 gallons of the same spirit would

become 100 at 62°, or in reality contain the 164-8 gallons of spirit in that state only

in which it is to be taxed.

But as it is considered that neither of these tables can alone be used_ for charging

the duty (for neither can express the actual quantity of spirit of a specific gravity of

0-92 at 62° in 100 gallons of stronger or weaker spirit at temperatures above or below
62°), it is considered essential to have a third table, combining the two former, and
expressing this relation directly, so that upon mere inspection it shall indicate the

proportion of standard spirit in 100 gallons of that under examination in its thou
present state. In this table the quantities should be set down in the actual number
of gallons of standard spirit at 62°, equivalent to 100 of the spirit under examination

;

and the column of quantities may be expressed by the term value, as it in reality ex-

presses the proportion of the only valuable substance present.

The following specimen Table has been given by the committee ;

—
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Temporaturo ii" Temperature 75°

Indication

'

Strength Value Indication Strength Value

9074 A A X U 114 0
7 1 14'3 A4 • 114:0
9 114-2 5 114-2

81 114-0 8 114-0
3 113-9 9 113-9
5 113-7 52 113-7
6 113-6 3 113-6
9 113-4 6 113-4

90 113-3 7 113-3

3 U3-1 9 113-1

The mixture of alcohol and -water, taken as spirit in Mr. Gilpin's Tables, is that
of -which the specific gravity is 0-825 at 60° F., water being unity at the same
temperature. The specific gravity of -water at 60° being 1,000, at 62° it is 99,981.
Hence, in order to compare the specific gravities given by Mr. Gilpin with those
which would result when the specific gra-vity of water at 62° is taken at unity, all the
former numbers must be divided by 99,981.

Table of the Specific Gravities of different Mixtures, by weight, of Alcohol and Water,
at different Temperattires ; constructed by Mr. Gilpin, for the use of the British
Sevenue on Spirits.

2
a 100 100 100 100 100 100 100 100 100 100
t-t Pure Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol

Alcohol 5 10 15 20 25 30 35 40 45 60

Tern

Water Water Water Water Water Water Water Water Water Water

Deg.
30 0-83896 0^84995 0-85957 0-86825 0-87585 0-88282 0-88921 0-89511 0-90054 0-90558 0-91023

35 •83672 •84769 •85729 •86587 •87357 •88059 •88701 •89294 •89839 •90345 •90811

40 -83445 •84539 •85507 •86361 •87184 •87838 •88481 •89073 •89617 •90127 •90596

45 -83214 •84310 -85277 •86131 •86905 •87613 •88255 -88849 •8939G •89909 •90380

50 •82977 •84076 -85042 •85902 •86676 •87984 •88030 •88C2G •89174 •89684 •901 GO

55 -8273G •83834 •84802 •85664 •86441 -87150 8779G •88393 •88945 •89458 •89933

60 -82500 •83599 •84568 •85430 •86208 •86918 87569 •88169 •88720 •89232 •89707

65 -82262 •83302 •84334 •85193 •85976 •86G86 •87337 -87938 •88490 •89006 •89479

70 •82023 •83124 •84092 •84951 •85736 •8G451 87105 •87705 •88254 •88773 •89252

73 •81780 •82878 •83851 84710 •85496 •86212 •86864 •87466 •88018 •88538 •89018

80 -81530 •82G31 •83603 •84467 •85248 •859GG •86622 •87228 •87776 •88301 •88781

85 •8] 291 •82396 -83371 •84243 •85036 •85757 •86411 •87021 •87590 •88120 •88609

90 •81044 •82150 •83126 84001 •84797 •85518 •86172 •86787 •87360 •87889 •88376

95 •80794 •81900 •82877 •83753 •84550 •85272 •85928 •86542 •87114 •87654 •88146

100 •80548 •81657 •82639 •83513 •84038 •85031 •85688 •86302 -86879 •87421 •87915

100 100 100 100 100 100 100 100 100 100

Temperature, Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol Alcohol

Fahr. 55 60 65 70 75 80 85 90 95 100

Water Water Water Water Water Water Water Water Water Water

Deg.
m 0-91449 0-91847 0-92217 0'925G3 0-928S9 0-93191 0-93474 0-93741 0-93991 0-94222

35 •91241 •91640 •92009 •92355 •92680 •92986 -93274 •93541 •93790 •94025

40 •91026 •91428 •91799 •92151 •92476 •92783 •93072 •93341 •93592 •93827

45 •90812 91211 •91584 -91937 •922G4 •92570 -92859 •93131 •93382 •93621

60 •90596 •90997 •91370 •91723 •92051 •92358 •92647 •92919 •93177 -93419

35 •90367 •90768 •91144 •91502 •91837 •92145 •92430 •92707 •92963 •93208

60 •90144 •90549 -90927 •91287 •91G22 •91933 •92225 •92499 -92758 •93002

65 •80920 •90328 •90707 •91066 •91400 •91715 -92010 •92283 •92646 •92794

70 •89695 •90104 •90484 90847 -91181 •91493 •91793 •92009 •92333 -92580

76 •89464 •89872 •90252 •90617 •90952 •91270 •91569 •91849 •92111 •92364

80 •89225 •89639 •90021 •90385 •90723 •91046 •91340 •91G22 •91891 •92142

85 •89043 •89460 •89843 •90209 •90558 •90882 •91186 •91465 •91729 •919G9

ao •88817 •89230 •89617 •89988 •90342 •90088 •90967 •91248 •91511 •917.'>1

96 •88588 •89003 •89390 89763 •90119 •90443 -90747 -91029 •91290 •91531

100 -883571 •88709 89158 •89636 •89889 •90216 •90522 -90805 91066 •91310

' By specific graTity.
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Table of the Specijio Gravities of dijfcrcnt Mixtures, (continued.)

cT

S5
^1
o
H

Deg.
30
35
A(\4U
45
50
65
GO
G3

70
75

80

95
Alcohol

100
Water

90
Alcohol

100
Water

85
Alcohol

100
Water

80
Alcohol

100
Water

76
Alcohol

100
Water

70
Alcohol

100
Water

65
Alcohol

100
Water

eo
Alcohol

100
Water

66
Alcohol

100
Water

50
Alcohol

100
Water

0-94447
•94249

•94058
•93860

•93658
•93452

•B3247
•93040
•92828

•92613

•92393

0-94675
•94484
•94295

•94096

•93897

•93696
•93493
•93285

•93076
•92865

•92646

0-94920
•94734

•94547
•94348

•94149
•93948

•93749
•93546

•93337
•93132

92917

0-95173
•94988
•94802

•94605
94414
•94213
•94018

•93822
•93616
•93413

•93201

0-95429
•95-246

•95060
•94871

•94683
•94486

•94296

•94099
93898

•93488

0-95681
•95502

•95328
•95143
94958
94767
•94579

•94388
94193

•93785

0-95944
•95772

•95602

•95423
•95243

•95057

•94870
•94689

•94500
•94301

•94103

0^9G209
96048
95879
•95703

•95534
•95357
•95181
95000
•94813

•94623

•94431

0-96470
96315
•96159

•95993
•95831

•95662
•95493
85318
95139
94957
•94768

0-96719
•96579

•96434

•96126
•95966
•95804
•95035

•95469
•95292

•95111

Temperature,
Fahr.

45
Alcohol

100
Water

40
Alcohol

100
Water

35
Alcohol

100
Water

30
Alcohol

100
Water

25
Alcohol

100
Water

20
Alcohol

100
Water

15
Alcohol

100
Water

10
Alcohol

100
Water

5
Alcohol

100
Water

Deg.
30
35
40
45
50
55
60
65
70
75
80

0-96967
•96840
•96706

•96563
•96420
•96272

•96122
•95962

•95802
•95638

•95467

©•97200
•97086
•96967

•96840

•96708
•96575

96437
•96288

•96143

•95987

96826

0-97418
•97319

•97220
•97110
•96995

•96877

•96752

•96620
•96484
96344
•96192

0^97635
97556
•97472

•97384
•97284
•97181

•97074
•96959

•96836
•96708

•96568

0-97860
•97801

•97737

•97589

•97500
•97410
•97309
•97203

•97086

•96963

0-98108
98076
•98033

17 1 ifO\J

•97920

•97847
•97771

•97688

97596
•97495

•97385

©•98412
•98397

•98373

•98293

•98239

•98176
•98106

•98028
•97943

•97845

0-98804
•98804
•98795

•98774
•98745
98702
98654
98494
98527
•98454
•98367

0-99334
•99344
•99345

•99338
•99316
•99284
•99244
•99194
•99134
•99066
•98991

Experiments were made, by direction of the committee, to verify Gilpm s Tables,

which sho-wed that the error introduced in ascertaining the strength of spirits by

Tables founded on Gilpin's numbers must be quite insensible in the practice of the

Revenue. The discrepancies thus detected, on a mixture of a given strength, did not

amount in any one instance to unity in the fourth place of decimals. From a careful

inspection of such documents the committee are of opinion that Gilpin's Tables possess

a degree of accuracy far surpassing what could be expected, and sufficiently perfect

for all practical or scientific purposes.

The following Table is given by Mr. Lubbock, for converting the apparent specific

gravity, or indication, into true specific gravity

Indication

Temperature +

1
Indication

80° 82° 87° 42° 47° 62° 57° 62° 67° 72° 77° 80°

•82 00083 •00078 •00065 •00052 •00039 •00025 •00012 •00011 00024 •00035 •00042 •82

-83 00084 •00079 •0006G •00052 •00039 •00026 •00012 •00012 00024 •00036 •00042 •83

•8^1 -00085 •00080 •00066 •00053 •00039 00026 •00013 •00012 00024 00036 •00043 •84

-85 •00086 •00081 •00067 •00054 •00040 00026 •00018 •00012 00025 00037 •00043 •85

-86 -00087 •00082 •00068 •00054 •00040 00027 •00013 •00012 00025 •00037 •00044 •86

-87

-88

•00088 •00083 •00069 •00055 •00041 00027 •00018 •00012 00025 -00037 •00044 •87

•00089 00084 •00070 •00055 00041 00027 00013 •00012 00026 •00038 •00045 •88

•89
•89 •00090 •00085 •00070 •00055 00042 •00028 00013 •00012 •00026 -00038 •00045

•90 -00091 •00085 •00071 00056 •00042 •00028 •00014 •00013 •00026 •00039 •00046 •90

-91 00092 •0008G •00072 00057 •00043 •00028 00014 •00013 •00020 •00039 •00046 •91

-92 •00093 •00087 00073 00058 •00043 •00029 00014 •00013 •00027 •00040 •00047 •92

-93 00094 •00088 00073 •00059 •00044 •00029 •00014 •00013 •00027 •00040 •00047 •93

-94 •00095 •00089 •00074 •00059 •00044 •00029 •00014 •00013 •00027 •00040 •00048 •94

•95 •00096 •00090 •00075 •00060 •00045 •00029 •00014 •00013 •00028 •00041 •00048 •95

•90 •00097 •00091 •00076 00060 •00045 •00030 •00014 •00013 •00028 •00041 •00049 •96

•97 •00098 •00092 •00077 00061 •00046 •00030 •00016 •00014 •00028 •00042 •00049 •97

98 •00099 •00093 •00077 00062 •00046 •00030 •00015 •00014 •00028 •00042 •00050 •98

•99 •00100 00094 •00078 •00062 •00047 •00031 •00015 •00014 •00029 •00043 •ooofio •99

•100 •00101 •00095 •00079 •00063 •00047 •00031 •00015 100

Vol. L E
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Tralle's Table of the Composition by volume of Mixtures of Alcohol and Water of
different Densities,

Cfinf'jiD'A

Of
Alcohol

by
VUlUUlu

Speclflo

ttmvlty at

C0° P.

1

Dlflcr-

euco of

the siKj-

vitios

Per-
ccutdgo

of

Alcohol
by

volumo

Speclflo

Gravity at
00" P.

Differ-

cnco of
the Bpo-

Titles

Per-
centage

of

Alcohol
by

volume

Speclflo

Gravity at

Differ-

ence of

the
ciJic (gra-

vities

0 0-9991 34 0-9696 13 68 08941 24
1 0-9976 15 35 0-9583 13 69 0-8917 24
2 0-9961 15 36 0-9570 13 70 0-8892 25
3 0-9947 14 37 0-9556 14 71 0-8867 25
4 0-9933 14 88 0-9541 15 72 0-8842 25
5 0-9919 14 39 0-9626 15 73 0-8817 25
6 0-9906 13 40 0-9510 16 74 0-8791 26

7 0-9893 13 41 0-9494 16 75 0-8765 26
8 0-9881 12 42 0-9478 16 76 0-8739 26
9 0-9869 12 43 0-9461 17 77 0-8712 27

10 0-9857 12 44 0-9444 17 78 0-8686 27
11 0-9845 12 45 0-9427 17 79 0-8658 27
12 0-9834 11 46 0-9409 18 80 0-8631 27
13 0-9823 11 47 0-9391 18 81 0-8603 28

14 0-8912 11 48 0-9373 18 82 0-8575 28

15 0-9802 10 49 0-9354 19 83 0-8547 28

16 0-9791 11 50 0-9335 19 84 0-8518 29

17 0-9781 10 61 0-9315 20 85 0.8488 30

18 0-9771 10 52 0-9295 20 86 0-8458 30

19 0-9761 10 53 0-9275 20 87 0-8428 30

20 0-9751 10 54 0-9254 21 88 0-8397 31
' 21 0-9741 10 55 ,

0-9234 20 89 0-8365 32

22 0-9731 10 66
'

0-9213 21 90
'

0-8332 33

23 0-9720 11 57 0-9192 21 91 0-8299 33

24 0-9710 10 58 0-9170 22 92 0-8265 34

25 0-9700 10 69 0-9148 22 93 0-8230 35

26 0-9689 11 60 0-9126 22 94 0-8194 36

27 0-9679 10 61 0-9104 22 95 0-8157 37

28 0-9668 11 62 0-9082 22 96 0-8118 39

29 0-9657 11 63 0-9059 23 97 0-8077 41

30 0-9646 11 64 0-9036 23 98 0-8034 43

31 0-9634 12 65 0-9013 23 99 0-7988 46

32 0-9622 12 66 0-8989 24 100 0-7939 49

33 0-9609 13 67 0-8965 24

In order, ho-srevor, to employ this Table for ascertaining the strength of mixtures

of alcohol and water of difiFerent densities (-which is the practical use of such Tables),

it is absolutely necessary that the determination of the density should be performed

at an invariable temperatiire,—viz. G0° P. The methods of determining the density

will be hereafter described ; but it is obvious that practically the experiment cannot

be conveniently made at any fixed temperature, but must be performed at that of the

atmosphere. , . , ^i. n
M Gay-Lussac has constructed a most valuable Table, of which the foUowing is

an abstract, which is supplied vnth his ' Alcoomitre.' (See Alcohoxosietet.) It

enables one to ascertain, from the observed density at any given temperature, tlie

density at the normal temperature 15-60 C. (60° F.), and hence the strength
;

or, vice

versd, from tho observed density at 60° F. to find the density at any other tem-

The first vertical column of this Table contains the temperatures, from 0° to 30° C.

;

and the first horizontal line the indications of the alcoomStre. In the same Table ho

has most ingeniously inserted a correction of the volume of the spints when tho

temperature difiers from 16-5° C. (60° F.). All the numbers printed m small charac-

ters; under each real strength, i.e. per-contago of absolute alcohol, indicate the -^o umo

which 1,000 litres (the litre being 1-760773 ^jwiis) of a spirituous liquor would have

Tvhcn measured at tlio tomporaturo at which its apparent strength is given.
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AlcoSmeirkal Table of real Strength, by M. Gay-Lussao.

Temp.
C.

81o 82o S3o 84o 850 3Gc S7c 88c 29c 40c

Dog.

10 33-0

1002

34
1002

35
1003

36
1003

37
1003

oo00
1003

Q A09
1003

4U
1003

41
1003

A 04Z
1003

11 32-6

1002

33*6

1002

34-6

1002

356
1002

00 0
1002

o7 0
1002

OO 0
1002

oy D
1002

4u 0
1003

A'\ *li41 b
1003

12 32-2
1001

33'2
1001

34'2

1002

35"2
1002

o /» .o00 Z
1002

Q T.Oo7 Z
1002

00 Z
1002

ov Z
1003

4U Z
1002

y1 1 .O41 z
1002

13 31-8

1001

32'8

1001

33"8

1001

34*8

1001

o6 0
1001

00 0
1001

o7 o
1001

SS'Roo o
1001

oy 0
1001

4U 0
1001

U 31-4:

1001

32*4
1001

33'4
1001

o4 4
1001

O K. A00 4
1001

ob 4
1001

07 4
1001

OO 4
1001

oy 4
1001

4U 4
1001

15 31
1000

32
1000

o ooo
1000

O A6i
1000

00
1000

OD
1000

67
1000

oo
1000

oy
1000

A A40
1000

16 30'6
1000

315
1000

<i2 0
999

66 0
999

o4 0
999

00 0
999

OO 0
999

o / 0
999

00 0
999

oy 0
999

17 30*2

999 999

DZ 1

999

00 1

999

o4 1

999

tjO 1

999

Ob i

999

OI L

999

Oo i

999
09 1

999

18
nA .o29 8
999

i)0 0
999

61 7
998

oZ 7
998

oo 7
998

o4 7
998

60 1

998

OO /

998
61 i

998
00 7
998

19
998

oU 4
998

61 0
998

oZ o
998

66 6
998

t)4 0
998

60 6
998

oo 0
998

oi 0
997

Q Q .000 0
997

29
998 998

QA-Qou y
997

Q 1 -Aoi y
997

oz y
997

OO y
997

04 y
997

00 y
997

Ob y
997

379
997

Zl ZO 0
997

Z9 0
997

OU 0
997

Oi 0
997

OZ 0
997

OO O
997

04 0
997

DO 0
996

Ob 0
996

o7'o
996

22 28-2
yy /

29-2

yy 1

30-1
QQftyyo

31-1

yyo

32-1

yyo

33-1

yyo

34-1

yyo

361
QOfiyyo

36-1

yyo

37-1

996

23 27-8
99fi

28-8

996

29-7
996

30-7
996

31-7
996

32-7
996

33-7
996

34-7

995

35-7
995

36-7
995

24 27-4
99C

28-4'

996

29-3
995

30-3

995

31-3
995

32-3

995

33-3
995

34-3

995

35'3
995

36-3

994
J

25 27
995

28
995

28-9

995

29-9

996

30-9

995

319
994

32-9

994

33-9

994

34-9

994

35-9

994

Temp.
C.

41o 42o 4Sc 44o 46o 46c 47o 48o 49o 6O0

Deg.
1 niU

1003

A A44
1004

40
1004

A R40
1004

40 y
1004

A T.A47 y
1004

4o 9
1004

A A.n49 9
1004

60"9
1004

61*8
1004

1

1

1

1

4Z D
1003

4o 0
1003

A A'R44 0
1003

40 0
1003

A RtC4o 0
1003

47 0
1003

AO,/*4o 0
1003

49 0
1003

60-5
1003

61-5
1003

1 0 4z Z
1002

43'2
1002

44 z
1002

45 2
1002

46'2
1002

47*2
1002

48"2
1002

49-2
1002

60-2
1002

51-1

1002

i 0 41 O
1001

A O.O4z 0
1001

4o 0
1001

44 b
1002

A CO45 8
1002

46*8

1002

47"8
1002

48'8
1002

49-8
1002

50-8
1002

41 4
1001

A A4z 4
1001

4o 4
1001

A A • A44 4
1001

A C . A45*4
1001

46'4
1001

47"4
1001

48"4
1001

49*4
1001

50-4
1000

1 -Xio 41
1000

42
1000

A O43
1000

44
1000

45
1000

46
1000

47
1000

48
1000

49
1000

50
1000

10 41) 0
999

41 0
999

4Z 0
999

4o"o
999

44'6
999

46"6
999

46"6
999

47"6
999

48'6
999

49-6
999

i t 4U Z
999

41 Z
999

4Z Z
999

4o z
998

A A .O44 z
998

45 2
998

46'2
998

47"2
998

48-2
998

49-2
998

18 39-8

998

40-8

998

41-8
998

42-8
998

43-8
998

44-9

998

46-9
998

46-9
998

47-9
998

48'9
998

19 39-4

997

40-4

997

41-4
997

42-6
997

43-6
997

44-0
997

45-5
997

46-5
997

47-5
997

48-5
997

20 39
997

40
097

41
997

42-1

997

43-1

990

44-1

996

46-1

996

46-1

996
47-2
990

48-2
996

I

1

38-6

986

39-6

996

40-6

99C

41-7

996

42-7

996

43-7

996

44-8

996

46-8

996

46-8

990

47-8

990

E 2
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Alcoometrioal Table of real Strength, by M. Gay-Luasac (continued).

Temp.
0. 41o 42o 43c 44c 45c 46c 470 48a 49o eoc

Depr.

22

23

21

25

38-2
99(i

39-2
995

40-2
995

41-3
!)96

42-3
996

43-3
990

44-3
993

46'3
995

46-4
VOtt

47-4

37-8
905

38-8
995

39-8

995

40-9
994

41-9

994

42-9

994

43-9

994

44-9
994

46
01)4

47
994

37-4
99-1

38-4
094

39-4
994

40-5

994

41-5

994

42-5
994

43-6
994

44-6

094

45-6
993

46-6

993

37
994

38
994

39
993

40-1

993

42-1

993

42-2

993

43-2

993

44-2

093

45-2
093

40-3

993

Temp.
C.

51c 62o 63c 54c 65c 66a 67c 68o 69c OOc

OJ. /

1004

Deg.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

62-9
1004

53-8

1004

54-8
1004

65-8
1004

66-8

1004

57*8
1004

58 "8

low
597
1004

fiO-7

1004

52-5
1003

53-5
1003

54-4
1003

55-4
1003

56-4
1003

57-4
1003

58 "4

1003

59*4
1003

60'4

1003

fil -4.

1003

52-1

1002

53-1

1002

54-1

1002
65
1002

56
1002

57
1002

68
1002

59
1002

60
1002

U i

1002

51-8

1002

62-7
1002

63-7
1002

64-7
1002

55-7
1002

56*7
1002

57-7
1002

687
1003

597
1002

\}\J t

1002

51-4
1001

52-3

1001

53-3
1001

64-3
1001

55-3
1001

56-3

1001

57-3
1001

58-3

1001

59-3

1001

603
1001

51
1000

52
1000

53
1000

34
1000

55
1000

56
1000

67
1000

58
1000

89
1000

60
1000

50-6
999

51-6

999

62-6
999

53-6

999

64-6
999

85*6
999

66 "6

999

57*6
999

58"6
999 999

60-3

998

51-3

998

52-3
998

63-3
998

54-3

998

56-3

998

66-3

998

67-3
998

68'3

998

69*3

998

49-9
998

50-9
998

519
998

62-9

998

53-9
998

54-9

998

65"9
998

669
997

67"9
997

58'9

997

49-5
!)97

60-6
997

51-6
997

52-6

997

53-6

997

54-6

997
556
997

56-6
997

67"6
997

58'6

997

49-2
996

50-2
, 996

51*2

996

52-2

996

53-2
996

54-2

996

65-2
996

56-2

996

57"2
996

58'2

99G

48-8

995

49-8
995

50-8

995

61-8
995

52'9

995

53-9

995

54'9

995
559
995

66*9
995

67-9

995

48-4
995

49-4

995

60-4
995

51-4

994

52-5

994

53-6
994

54-5

994

55-5
994

66-5
994

67-6
995

48
994

49-1

994

50-1

994

51-1

994

52-1

994

53-1

994

54-1

994

551
993

56-1

993

57-1
993

47-6
993

48-7
993

49-7
993

50-7
993

51-8
993

52-8
993

53-8
993

64-8
993

55-8
993

66-8

992

47-3
993

48-3

993

49-3
993

60-3

992

51-4
992

52-4

992

53-4
992

64-4
992

65-5

992

56-6

992

Temp.
C.

61c 62o 63c C4c 65c 66c 67c 68c 69c 70o

Deg.

10

11

12

13

14

1004 1004 1004

65'7
1004

667
1004

67"6
1004

68*6

1004

69*6

1004

70-6

1004

71-6

1004

1003 1003 1003 1003 1003

67-3

1003

68-3

1003

69'3

1004

70-3
1004

71'3(AW
1004

62
1002

63
1002

64
1002

65
1002

66
1002

67
1002

68
1003

69
1003

70
1003

71
1003

61-7
1002

62-7
1002

63-7
1002

64-7
1002

65-7
1002

66-7
1002

67-7
1002

687
1002

69-6

1002

70-6

1002

61-3
1001

62-3
1001

63-3
1001

64-3

1001

65-3
1001

66-3
1001

67-3
1001

68-3
1001

69-3

1001

70-3

1001

61
1000

62
1000

63
1000

64
1000

65
1000

,66
1

67 1
68

1000 1 1000 i
1000

69
1

1000
1

70
1000
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Alcoometrical Tabic of real Strength, by M. Gay-Lussao (continued).

Temp.
C.

• 61o 62c 63c 64c 65c G6c 67c 68c 69c 70c

Deg.

16 60-6

999

61-7
999

627
999

63-7
999

64-7
999

657
999

667
999

677 687
990

697
999

17 60-3

998

61-3
998

62-3

998

63-3

998

64-3

998

65-3

998

66-3

998

67-3
iiUCI

68-3

998

69-3
998

18 69-9
997

61
997

62
997

63
997

64
997

65
997

66
997

67
QQ7ou t

68
997

69
997

19 59-6

997

60-6
997

61-6

997

62-7
997

63-7
997

647
997

657
997

667
007 1

677
996

687
996

20 59-2

996

60-3

996

61-3

996

62-3

996

63-3

996

64-3

996

65-4
HOC

66-4
OOA

67-4
996

68-4

996

21 58-9

995

69-9
995

61
995

62
995

63
995

64
995

65
995

66
00 f»
ifJO

67
995

68-1
995

22 68-5
994

69-5
994

60-6

994

61-6
994

62-7
994

637
994

647
994

657
994

667
994

67-8
994

25 58-1

993

69-2
993

60-2

993

61-3

993

62-3

993

63-3
993

643
993

65"4
993

66'3

993

67 4
993

24 57 o
992

00 y
992 992

61
992

62
992

63
992

64
992

65
992

66
992

67-1

992

25 57-6 58-5

992

59-5

992

60-6

991

61-6

991

G2-6
991

637
991

647
991

657
991

667
991

Temp.
C.

71c 72c 730 74c 75c 76c 77c 78c 79c 80c

Deg.

10 72-6
1004

73-5
1004

74-5
1005

76-5
1005

76-5
1005

77-5
1005

78-5
1005

79-5 80-5 81-5
l\f\JO

11 72-3

1004

73-2
1004

74-2
1004

75-2
1004

76-2
1004

77-2
1004

78-2
1004

79-2 80-2 81-2

12 72
1003

72-9

1003

73-9

1003

74-9
1003

75-9

1003

76-9
1003

77-9
lUUo

78-9

i\}\)o

79-9
.l\}\JO

80-9
1 00^

13 7r6
1002

72-6
1002

73-6

1002

74-6
1002

76-6
1002

76-6

1002

77-6
1 AflO

78-6 79-6 80-6
1 00*>

14 71-3

1001

72-3
1001

73-3

1001

74-3

1001

75-3
1001

76-3
1001

77-3
1001

78-3
1001

79-3 80-3
1 001

15 71
1000

72
1000

73
1000

74
1000

75
1000

76
1000

77
1000

78
1000

79 80
1 noo

16 70-7
999

71-7
999

72-7
999

73-7
999

74-7
999

757
999

767
999

777
999

787 797
000

17 70-3

998

71-3

998

72-3
998

73-3

998

74-3

998

75-4
998

76-4
998

77-4
998

78-4
998

79-4

18 70
997

71
997

72
997

73
997

74
997

75-1

997

76-1

997

77-1
997

78-1
997

79-1
onT

19 69-7
996

70-7
996

71-7
996

72-7
996

73-7
996

747
996

75-8

996

76-8
996

77-8
996

78-8
Vvb

20 69-4

996

70-4
996

71-4
995

72-4
995

73-4
995

74-4
995

75-5
995

76-5
(195

77-5 78-5

21 69-1

995

70-1
995

71-1
995

72-1

994

73-1

994

74-1

994

75-2
994

76-2
994

77-2
994

78-2

22 68-8
994

69-8

994

70-8
994

71-8
994

72-8
993

73-8
993

74-8
993

75-9
993

76-9
993

77-9
993

23 68-4
093

69-4

993

70-5
993

71-5
993

72-5
992

73-5
992

74-5
992

75'5
992

76'6
992

77-6
992

24 68-1

992

69-1

992

70-1

992

71-2
992

72-2
992

73-2
992

74-2
992

75-2
991

76-3

991

77-3
991

25 67-8
991

68-8

991

69-8

D91

70-8

091

71-8

991

72-8

991

73-9

991

74-9

991

76
991

77
991
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Alcoometrical Tabla of real Strength, by M. Gay-Lussac (continued).

Temp.
0. 81o 82o 88o 84o 8So 86o 87o 88c 89o 90c

10 82-4
loim

83-4
1005

84-4
100.')

85-4
1005

86-4
1005

87-4
1005

88-3
1005

89-3
1005

90-2
1005

91-2

1005
11 82-2

loot

83-1

1004

84-1

1004

86-1

1004

86-1

1004

87-1
1004

88
1004

89
1004

90
1004

91
1001

12 81-9
1003

82-9
1003

83-9
1003

84-8
1003

86-8

1003

86-8

M)03

87-8
1003

88-7
1003

897
1003

907
1003

13 81-6
1002

82-G
1002

83-6
1002

84-6
1002

86-5
1002

86-5
1002

87-5
1002

88-5

1002

89-5
1002

90-5

1002
14 81-3

1001

82-3
1001

83-3
1001

84-3
1001

85-3

1001

86-3

1001

87-3
1001

88-2
1001

89-2
1001

90-2
1001

15 81
1000

82
1000

83
1000

84
1000

85
1000

86
1000

87
1000

88
1000

89
1000

90
1000

IG 807 81-7
999

82-7
999

83-7
999

84-7
999

86-7
999

86-7
999

87-7
999

887
999

897
999

17 80-4

998

81-4

998

82-4

998

83-4
998

84-4
998

86-4
998

86-4
998

87-4
998

88-4
998

89-5

998
18 80-1

997

81-1

997

82-1

997

83-1

997

84-1

997

85-2
997

86-2

997

87-2
997

88-2
997

89-2

997

19 79-8
996

80-8

996

81-9

99G

82-9

990

83-9

996

84-9

99G

85-9
996

86-9

996

87-9
996

88-9
996

20 79-5
995

80'5
995

81-6

995

82-6

995

83-6

995

84-6
995

85-6
995

86-6
995

877
995

887
995

21 79-2
994

80-2

994

81-3
994

82-3
994

83-3

994

84-3
994

85-3

994

86-4
994

87-4
994

88-4
994

22 78-9

993

79-9

993
81
993

82
993

83
993

84
993

85
993

861
993

87-1

993

88-2
993

23 78-6

992

79-6

992

80-7
992

81-7
992

82-7

992

83-8

992

84-8

992

85-8
992

86-8

992

87-9
992

24 78-3
991

79-3

991

80-4

991

81-4

991

82-4

991

83-5

991

84-5

991

85-5
991

86-5

991

87-6
991

25 78
991

79
991

80-1

990

81-1

990

82-1

990

83-2

990

84-2

990

85-2

990

86"3

990

i

87-4
;

990

j

The boiling point of mixtiires of alcohol and water likewise differs Tvith the strength

of such mixtures.

According to Gay-Lussac, absolute alcohol boils at 78'4° C. (173° F.) under a

pressure of 760 millimetres {the millimetre being 0'03937 English inches). When
mixed with water, of course its boiling point rises in proportion to the quantity of

water present, as is the case in general with mixtures of two fluids of greater and
less volatility. A mixture of alcohol and water, however, presents this anomaly, ac-

cording to Soemmering : when the mixture contains less than six per cent, of alcohol,

those portions which first pass off are saturated with water, and the alcoholic solu-

tion in the retort becomes richer, till absolute alcohol passes over ; but when the

mixture contains more than six per cent, of water the boiling point rises, and the

quantity of alcohol in the distillate steadily diminishes as the distillation proceeds.

Temperature
Alcoholic con-

tent of the
vapour

Alcoholic con-
tent of the boil-

ing liquid
Temperature

Alcoholic con-
tent of the
vapour

Alcoholic con-
tent of the boil-

ing 'liquid

Fahr. 170-0 93 92 Fahr. 189-8 71 20

171-8 92 90 192-0 68 18

172 91 85 164 66 15

172-8 90^ 80 196-4 61 12

174 90 70 198-6 55 10

174-6 89 70 201 50 7

176 87 65 203 42 5

178-3 85 60 206-4 36 3

180-8 82 40 207-7 28 2

183 80 35 210 13 1

186 78 30 212 0 0

187-4 76 25 1
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According to Groning's researches, the preceding temperatures of the alcoholic

vapours correspond to the accompanying contents of alcohol an per-centage of volume

which are disengaged in the boiling of the spirituous liquid.

Groning undertbok this investigation in order to employ the thermometer as an

alcoholometer in the distillation of spirits; forjvhich purpose he thrust the bub of the

thermometer through a cork inserted into a tube fixed m the capital of the still. The

state of the barometer ought also to be considered in making comparative oxpenments

of this kind. Since, by this method, the alcoholic content may be compared TTith the

temperature of the vapour that passes over at any time, so also the contents of the

whole distiUation may be found approximately ; and the method serves as a convement

moans of making continual observations on the progress of the distillation.
_

From the mean of a great many experiments, Dr. Ure drew up the following Table,

which shows the boiling point of alcohol of various specific gravities :—

Boiling Point Specific Gravity Boiling Point Specific Gravity

178'5 F.

179-75 „
180-4 „
182-01 „
183-40 „

0-9200

0-9321

0-9420

0-9516

0-960

185'6 F.

189-0 „
191-8 „
196-4 „
202-0 „

0-9665

0-9729

0-9786

0-9850

0-992

Bensity of the Vapour.—Om volume of alcohol yields 488-3 volumes of vapour

at 212° F. The specific gravity of the vapour, taking air as unity, Tvas found by

Gay-Lussac to be 1-6133. [Its vapour-density, referred to hydrogen as umty, is

13-3605?]
, . . _^ ,

Spirituous vapour passed through an ignited tube of glass or porcelain is converted

into carbonic oxide, water, hydrogen, carburetted hydrogen, defiant gas, naphthaline,

empyreumatic oil, and carbon ;
according to the degree of heat and nature_ of the

tube, these products vary. Anhydrous alcohol is a non-conductor of electricity, but

is decomposed by a powerful voltaic battery. Alcohol burns in the air with a blue

flame into carbonic acid and water ; the water being hea-der than the spirit, because

46 parts of alcohol contain 6 of hydrogen, which form 64 of water. In oxygen the

combustion is accompanied -with great heat, and this flame, directed through a small

tube, powerfully ignites bodies exposed to it.

Platinum in a finely divided state has the property of determining the combi-

nation of alcohol -with the oxygen of the air in a remarkable manner. A ball of

spongy platinum, placed slightly above the wick of a lamp fed by spirit and commu-
nicating -with the wick by a platinum wire, when once heated, keeps at a red heat,

gradually burning the spirit. This has been applied in the construction of the so-

called • philosophical pastilles
;

' eau-de-cologne or other perfumed spirit being thus

made to diffuse itself in a room.
Mr. Gill has also practically applied this in the construction of an alcohol lamp

without flame.

A coil of platinum •ware, of about the one-hundredth part of an inch in thickness,

is coiled partly round the cotton -^ack of a spirit-lamp, and partly above it, and the

lamp lighted to heat the wire to redness ; on the flame being extinguished, the alcohol

vapour keeps the wire red hot for any length of time, so as to be in constant readiness

to ignite a match, for example. This lamp aflfords sufficient light to show the hour

by a watch in the night, -with a very small consumption of spirit.

This property of condensing oxygen, and thus causing the union of it with com-
bustible bodies, is not confined to platimim, but is possessed, though in a less degree,

by other porous bodies. If wo moisten sand in a capsule -with absolute alcohol, and
cover it with previously heated nickel powder, protoxide of nickel, cobalt powder,
protoxide of cobalt, protoxide of uranium, or oxide of tin (these six bodies being
procured by ignition of their oxalates in a crucible), or finely powdered peroxide
of manganese, combustion takes place, and continues so long as the spirituous vapour
lasts.

Solvent Power.—One of the properties of alcohol most valuable in the arts is its

solvent power.

It dissolves gases to a very considerable extent, which gases, if they do not enter
into combination with the alcohol, or act chemically upon it, are expelled again on
boiling the alcohol.

yovoral salts, especially the deliquescent, aro dissolved by it, and some of them
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give a_ colour to its flamo ; thus tho solutions of the salta of strontia in alc6hol
burn -mth a crimson Jlame, those of copper and borax with a qreen one, lime a reddish,
ancl baryta -mtli a yellow flamo.

This solvent power is, liowevor, most remarkable in its action upon resins, ethers,
essential oils, fatty bodies, alkaloids, as well as many organic acids. In a similar
way It dissolves iodine, bromine, and in small quantities sulphur and phosphorus.
In general it may be said to bo an excellent solvent for most hydrogenised organic
substances.

jo o

Uses.—In consequence of this property it is most extensively used in tho chemical
arts: e.g. for the solution of gum-resins, &c., in the manufacture of varnishes; in
pharmacy, for tho separating of the active principles of plants, in tho preparation
of tinctures. It is also employed in tho formation of chloroform, ether, spirits of
nitre, &c,

_
The great use of alcohol, in its various states of mixture, is, and has been from

time immemorial, as a beverage. There cannot be a doubt that alcoholic liquors are
beneficial to most healthy persons when moderately enjoyed; and the man who
advocates their rational use cannot be held answerable for their abuse.

_
Absolute alcohol (or strong spirits) acts locally as an irritant, contracting the

tissues
; but its effects on the organism, when taken internally, arises from its action,

by the nerves, on tho brain. Dr. Pereira has graphically described throe stages of
their effects :

—

1. First or mildest degree . Excitement,
2. Second degree . , . Intoxication, or drunkenness.
3. Third degree . . . Coma, or true apoplexy.

These efftcts are tolerably familiar, and for a more minute description of them we
must refer to Dr. Pereira ' and other medical authors.

The important applications of alcohol in the arts, as a solvent for resins, &c., have
been before alluded to. To the chemist it is a most valuable agent of separation. By
its means he is enabled, in complicated organic mixtures, to separate those substances
which are soluble from those which are insoluble in this menstruum. It may like-

wise be employed for separating certain salts

—

e.g. the chloride of strontium from that

of barium, &c, &c.

Prom it are also manufactured ether, chloroform, chloral, and, indirectly, acetic

acid ; and in pharmacy, sweet spirits of nitre, the various tinctures, &c, &c.

The Spirits imported and retained for Home Consumption were as follows :

—

Impobts

Spirits

1870 1871 1872

Quantity . Value Quantity Value Quantity Value

Eum.
Brandy
Other Sorts

These Sj

British Gui

Holland, G

Eum

,

Brandy
Other Sorts

Proof gallons

6,915,117

7,942,965

2,332,049

)irits were c

ana, Maurit
ermany.

The quani

3,851,863

3,526,132

1,027,857

£
808,809

2,153,699

184,869

aiefly impor
ius, Spanish

/ities retaine

Proof gallons

7,657,422

6,373,486

1,877,390

;ed :—Eum,
West India

d for Home

4,168,905

3,715,676

1,010,929

£
771,698

1,905,276

186,826

from Britis

Islands ; anc

CONSTJMPTIO

Proof gallons

6,586,267

3,619,413

1,668,166

h West Ind

i Brandy, fr

N were :

—

4,405,192

3,944,725

680,918

£
675,820

1,329,644

187,160

ia Islands,

Dm France,

* Pereira, Materia Mcdica, vol, ii. p. 1048.



ALCOHOL 57

Spirits Exported.

Splnts 18G7 1868 1869 lOI V 1871 1872

Britisli and Irish

Gallons

1,286,698

Gallons

1,364,165

Gallons

1,673,773

Gallons

1,457,265

Gallons

l,607,0pl

Gallons

1,796,868

Foreign

:

Brandy .

Eiim
Unemunerated .

366,316

2,468,478

883,050

469,857
2,507,175

999,705

415,546

1,396,157

1,743,469

847,492

1,334,358

1,762,894

420,324

1,680,289

1,832,465

Thtal omntities of Spiriis distUled and charged with Exme Duty for consumption in

mZTlTwdes, Scotland and Ireland, in each of the years end^ng Zlst of

March, 1866, 1867, 1868. —
Places

Distilled Charged with duty for consumption

1865-66 1866-67 1867-68 1865-66 1866-67 1867-68

England '\

and Wales j
Scotland

Ireland

United \
Kingdom J

Gallons

7,705,679

13,097,101

5,746,680

Gallons

7,513,520

11,805,841

5,486,050

Gallons

7,008,062

11,084,595

5,861,574

Gallons

9,214,529

7,421,421

5,403,266

Gallons

9,285,645

7,783,945

6,057,261

Gallons

9,170,561

7,144,144

6,377,648

26,549,460 24,805,411 23,944,221 22,039,216 23,126,851 22,692,353.

The following are the quantities of spirits charged with duties of excise in each of

the years named :

—

1842 .

1844 .

1846 .

1848 .

Gallons.

. 18,841,890

. 20,608,625

. 24,106,697

. 22,234,379

1850 .

1852 .

1854 .

1856 .

Gallons.

. 23,919,432

. 25,270,262

. 26,148,511

. 23,922,453

1868 .

1860 .

1862 .

1864 .

Gallons.

. 23,686,751

. 21,873,369

. 19,700,260

. 21,039,682

Every English distiUer has now to pay a Hcence-duty of ten giuneas before he can

lawfully conduct operations, and afterwards a duty of 7s. lOt?. per impenal gallon

of spirits, proof strength, which he produces.
^i. r

The Scotch and Irish distiUers had to pay the same licence-fee as the_ Ji-nglisn

;

and in addition to this, the Scotch distiUer paid a duty of 45. %d. per imperial gallon

of proof strength, and the Irish a duty of 3s. ^d. ; but the duties are now equalized.

AXiCOHOXi, METKYIiATBD. It was for a long time a great desideratum

for the manufacturer to obtain spirit free from duty. The Government, feeling tlio

necessity for this, have sanctioned the sale of spirit which has been flavoured witli

methyl-alcohol, so as to render it unpalatable, free of duty, under the name _ot

' methylated spirit: This methylated spirit can now be obtained, in large quantities

by giving suitable security to the Board of Inland Eevenue of its employment

for manufacturing purposes only, and must prove of great value to those manu-

factiu-ors who are large consumers. v o i

Professors Graham, Hofmann, and Eedwood, in their ' Eeport on the bupply ol

Spirit of Wine, free of duty, for use in the Arts and Manufactures,' addressed to the

Chairman of the Board of Inland Eevenue, came to the following conclusions :—
_ _

'From the results of this inquiry it has appeared that means exist by which spirit

of wine, produced in the usual way, may bo rendered unfit for human consumption,

as a beverage, without materially impairing it for the greater number of the more

valuable purposes in the arts to which spirit is usually applied. To spirit of wine,

of not less strength than corresponds to density 0-830, it is proposed to make an

addition of 10 per cent, of purified wood-naphtha {wood or methylic spirit), and to

issue this mixed spirit for consumption, duty-free, under the name of Methylated Sjririt.

It has been shown that methylated spirit resists any process for its purification ; the
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substanco added to the spirit of wino being not only difficult, but, to

nlro.: •' :"V'°'''^^°=
''"'^ t'^'^t no danger is to be apprehended of tlio

" C5 T''^^^^^ .... It

r'7nv° T *° eventually the proportion of the mixing ingredient to

xvjfi, 1
'

smaller proportion, although it has been recommended to beginwith tlio larger proportion of 10 per cent.'
And further, the authors justly remark :— ' The command of alcohol at a low

price 16 sure to suggest a multitude of improved processes, and of novel applications,
which can scarcely bo anticipated at the present moment. It will be felt far beyond
uio limitocl range of the trades now more immediately concerned in the consumption
ot spirits; like the repeal of the duty on salt, it will at once most vitally affect the
chemical arts, and cannot fail, ultimately, to exert a beneficial influence upon many
branches of industry.'

^

And in additional obsciTations, added subsequently to their original Eeport, the
chemists above

_
named recommend the following restriction upon the sale of the

methylated spirit :—
' That the methylated spirit should be issued, by agents duly

autliorised by the Board of Inland Eevenuo, to none but manufacturers, who should
themselves consume it

:
and that application should always be made for it according

to a recognised form, in which, besides the quantity wanted, the applicant should state
the use to which it is to be applied, and undertake that it should be applied for that
purpose only. The manufacturer might be permitted to retail varnishes and other
products containing the methylated spirit, but not the methylated spirit itself in an
unaltered state.' They recommend that the methylated spirit should not be made
with the ordinary crude, very impure wood-naphtha, since this could not be advan-
tageously used as a solvent for resins by hatters and varnish-makers, as the less volatile
parts of the naphtha would be retained by the resins after the spirit had evaporated,
and the quality of the resin would be thus impaired. If, however, the methylated
spirit be originally prepared with the crude wood-naphtha, it may be purified by a
simple distillation from 10 per cent, of potash.

It appears that the boon thus afforded to the manufacturing community of obtain-
ing spirit dutyfree has been acknowledged and appreciated; and now for most pur-
poses, where the small quantity of wood-spirit does not interfere, the methylated
spirit is generally used.

It appears that even ether and chloroform, which one would expect to derive an
unpleasant flavour from the wood-spirit, are now made of a quality quite unobjection-
able irom the methylated spirit ; but care should be taken, especially in the prepara-
tion of medicinal compounds, not to extend the employment of the methylated spirit

beyond its justifiable limits, lest so useful ah article should get into disrepute.'

Methylated spirit can be procured also in small quantities from the wholesale dealers,

containing in solution loz. to the gallon of shellac, under the name of ' finish.'

AltCOBOXiATES, or AIiCOATES. Grah&m has shown that alcohol forins cr3-s-

talHsable compounds with several salts. These bodies, which he called • Alcoholatcs'

are in general rather unstable combinations, and almost always decomposed by water.

Among the best known are the following :

—

Alcoholate of chloride of calcium . 2 C*H«0-, Ca CI, 4C=H«0. Ca CV
„ „ of zinc . C^H^O", Zn CI, 2C=H"0. Zn CV
„ bichloride of tin . . O'H'CV, Sn CP, aC-H'O. Sn CV
„ nitrate of magnesia . 3 C«H«0^ MgO,N 0^ 6C-H«0. Mg-2(l>rO')

AXCOHOXiOMETRT, or AZtCOOMBTRTi Determination of the Strength of
Mixtures of Alcohol and Water. Since the commercial value of the alcoholic liquors,

commonly called ' spirits,' is determined by the amount of pure or absolute alcohol

present in them, it is evident that a ready and accurate means of determining this

point is of the highest importance to all persons engaged in trade in such articles.

If the mixture contain nothing but alcohol and water, it is only necessary to deter-

mine the density or specific gravity of such a mixture ; if, however, it contain saccha-

rine matters, colouring principles, &c., as is the case with wine, beer, &c., other

processes become necessary, which will be fully discussed hereafter.

The determination of the specific gravity of spirit, as of most other liquids, may bo

effected, with perhaps greater accuracy than by any other process, by means of a

stoppered specific-gravity bottle. If the bottle be of such a size a.s exactly to hold 1,000

grains of distilled water at 60° P., it is only necessary to weigh it full of tlie spirit at

the same temperatune, when (the weight of the bottle being known) the specific

gravity is obtained by a very simple calculation. See Specific Ghavity.

' Some (liltcrenco of opinion appears to exist wlicthcr C7itoro/orm can bo obtained pure from lucthy.

Jfttcd spirit, Sco MBniyi,.
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See Htdeo-

Tbis process, though very accurate, is somewhat troublesome, especially to persons

tinaccuBtomed to acciiate chemical experiments, and it involyes the possession of a

SeHcate balance. The necessity for this is, however obviated by

the employment of one of the many modifications of the common

hvdrometL This is a floating instrument, the use of which

depends upon the principle, that a solid body immersed into a

fluid is buoyed upwards with a force equal to the weight of the

fluid which it displaces, i.e. to its own bulk of the fluid
;
conse-

quently, the denser the spirituous mixture, or the less alcohol

it contains, the higher will the instrument stand in the liquid;

and the less dense, or_ the more spirit it contains, the lower

will the apparatus sink into it.

There are two classes of hydrometers. 1st. Those which are

always immersed in the fluid to the same depth, and to which

weights are added to adjust the instrument to the density of any

particular fluid. Of this kind are Fahrenlieit's, Nicholson s, and

Guyton de Morveau's hydrometers.
• i,. i

2nd. Those which are always used with the same weight, but

which sink into the liquids to be tried, to different depths,

according to the density of the fluid. Of this class are most of

the common glass hydrometers, such as Baum^'s, Curteiss,

Gay-Lussac's, Twaddle's, &c
Sykes's and Dicas's combine both principles.

METBHS.

Sykes's hydrometer, or alcoholometer, is the one employed by

the Board of Excise, and therefore the one most extensively

used in this country.

This instrument does not immediately indicate the density

or the per-centage of absolute alcohol, but the degree above or

below proo/—the meaning of which has been before detailed

^^'it consists of a spherical ball or float, a, with an upper and lower stem of brass, b

and c. The upper stem is graduated into ten principal divisions, which are each

subdivided into five parts. The lower stem, c, is made conical, and has a loaded

bulb at its extremity. There are nine moveable weights, numbered respectively by

tens from 10 to 90. Each of these circular weights has a slit in it, so that it can be

placed on the conical stem, c. The instrument is adjusted so that it floats with tiho

surface of the fluid coincident with zero on the scale, in" a spirit of specific gravity

•825 at 60° F., this being accounted by the Excise as 'standard alcoM.' In weaker

spirit, which has therefore a greater density, the hydrometer will not sink so low ; and

if the density be much greater, it will be necessary to add one of the weights to

cause the entire immersion of the bulb of the instrument. Each weight represents so

many principal divisions of the stem, as its number indicates ; thus, the heaviest weight,

marked 90, is equivalent to 90 divisions of the stem, and the instrument, with the

weight added, floats at 0 in distilled water. As each principal division on the stem is

divided into five subdivisions, the instrument has a range of 600 degrees between the

standard alcohol (specific gravity •825) and water. There is a line on one of the sido

faces of the stem b, near division 1 of the drawing, at which line the instrument

with the weight 60 attached to it floats in spirit exactly of the strength of proof, at a

temperature of 51° E.

In using this instrument, it is immersed in the spirit, and pressed down by
the hand until the whole of the graduated portion of the upper stem is wet. The
force of the hand required to sink it will be a guide to the selection of the proper

weight. Having taken one of the circular weights necessary for the purpose, it is

slipped on to the lower conical stem. The instrument is again immersed, and
pressed down as before to 0, and then allowed to rise and settle at any point.

The eye is then brought to the level of the surface of the spirit, and the part of the

stem cut by the surface, as seenfrom below, is marked. The number thus indicated
by the stem is added to the number of the weight, and the sum of these, together with
the temperature of the spirit, observed at the same time by means of a thermometer,
enables the operator, by reference to a Table which is sold to accompany the instru-
ment, to find the strength of the spirit tested.

These Tables are far too voluminous to be quoted here ; and this is unnecessary,
since the instrument is never sold without them.

_
A modification of Sykes's hydrometer has been adopted for testing alcoholic

liquors which is perhaps more convenient, as the necessity for the loading weights
is done away with, the stem being sufficiently long not to require them. It is
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constructod of glass, and is in the shapo of a common hydromotor, tho stem being
divided into degrees ; it carries a small spirit tlicrmomotor in tlio bulb, to which a
scale is fixed, ranging from 30° to 82° F. (0 to 12° 0.) There are Tables supplied
•with the hydrometer, which are headed by the degrees and half degrees of tho tlior-

mometric scale
; and the corresponding content of spirit, over or under proof at the

respective degree of tho Table, is placed opposite each degree of the hydrometer.
By means of either of these instruments, and by the use of tho Tables accompany-

ing them, wo loarn tho strength, in degrees, above or below proof ; and tho following
Table by Dr. Ure will bo found most useful in converting these numbers into specific

gravities :

—

Per Per Per Per Per
ceut. Spcciflc cent. Speciflo cent. Specific cent. Specific cent. Bpccific
over Oravity over Gravity over Gmvitv over Qravitv over \JL AU T 1 VJ

Proof Proof Proof Proof Proof

67'0 0-8166 43-1 0-8697 19-3 0-8948 7-0 0-9282 63-3 0-9693

66'6 0-8166 42-6 0-8604 19-1 0-8961 8-0 0-9296 64-8 0-9701

66-1 0-8174 42-0 0-8615 18-6 0-8969 9-0 0-9306 66-2 0-9709

65-5 0-8188 41-5 0-8622 18-0 0-8966 10-0 0-9318 67-6 O-97I8

65-0 0-8199 41-1 0-8629 17-5 0-8974 11-0 0-9329 88-3 0-972^

64-5 0-8210 40-6 0-8636 16-9 0-8981 12-1 0-9341 69-0 0-9726

64-0 0-8221 40-0 0-8646 16-4 0-8989 13-1 0-9363 60-4 0-9734

63'6 0-8227 39-6 0-8653 16-9 0-8996 14-2 0-9364 61-1 0-9738

63-1 0-8238 39-1 0-8660 16-6 0-9000 15-3 0-9376 61-8 0-9742

62-5 0-8249 38-4 0-8671 15-0 0-9008 16-0 0-8384 63-2 0-9750

62-0 0-8259 38-0 0-8678 14-5 0-9016 17-1 0-9396 63-9 0-9754

61-6 0-8266 37-6 0-8685 13-9 0-9023 18-2 0-9407 66-3 0-9762

61-1 0-8277 37-1 0-8692 13-4 0-9030 19-3 0-9419 660 0-9766

60-5 0-8287 36-4 0-8702 13-1 0-9034 20-0 0-9426 67-4 0-9774

60-0 0-8298 36-9 0-8709 12-5 0-9041 21-2 0-9437 68-0 0-9778

59-5 . 0-8308 36-5 0-8716 12-0 0-9049 22-2 0-9448 69-4 0-9786

69-1 0-8315 36-0 0-8723 11-4 0-9056 23-1 0-9466 70-1 0-9790

68-6 0-8326 34-5 0-8730 11-1 0-9060 23-9 0-9464 71-4 0-9798

68-0 0-8336 34-1 0-8737 10-6 0-9067 24-3 0-9468 72-1 0 9802

57-5 0-8347 33-6 0-8744 10-0 0-9075 25-1 0-9476 73-5 0-9810

67-1 0-8354 32-9 0-8755 9-4 0-9082 26-3 0-9488 74-1 0-9814

66-6 0-8365 32-4 0-8762 8-9 0-9089 27-1 0-9496 75-4 0-9822

66 0 0-8376 32-0 0-8769 8-3 0-9097 28-0 0-9503 76-1 0-9826

65-5 0-8386 31-6 0-8776 8-0 0-9100 29-2 0-9615 77-3 0-9834

550 0-8366 31-0 0-8783 7-4 0-9107 30-1 0-9522 78-0 0-9838

546 0-8343 30-5 0-8790 7-1 0-9111 31-0 0-9630 79-2 0-9846

54-1 0-8413 30-0 0-8797 6-5 0-9118 32-3 0-9642 80-4 0-9854

53-5 0-8424 29-6 0-8804 6-9 0-9126 33-2 0-9560 81-1 0-9858

63-1 0-8431 29-0 0-8811 6-6 0-9130 34-2 0-9557 82-3 0-9866

62-5 0-8441 28-5 0-8818 5-0 0-9137 35-1 0-9665 83-5 0-9874

62-1 0-8448 28-0 0-8825 4-6 0-9145 36-1 0-9573 84-0 0-9878

51-5

61-1

50'5

60-1

49-6

49-1

48-5

48-0

47-6

47-0

46-6

46-0

45-6

45-0

44-6

43-9

0-8459 27-5 A .DO 0 0
0 880^ 0 y 0-9580 85-2 0-9886

0-8466 27-0 0-8840 3-3 0-9169 38-1 0-9588 86-3 0-9894

n -Q 1 '7(1 0-8847 3-0 0-9163 39-1 0-9696 87-4 0-9902

0-8482 26-0 0-8854 2-4 0-9170 40-1 0-9603 88-0 0-9906

0-8493 25-6 0-8861 1-9 0-9178 41-1 0-9611 89-1 0-9914

0-8499 26-0 0-8869 1-6 0-9182 42-2 0-9619 90-2 0-9922

0-8610 24-6 0-8876 1-0 0-9189 43-3 0-9627 91-2 0-9930

0-8616 24-0 0-8883 0-3 0-9196 44-4 0-9635 92-3 0-9938

0-8623 23-6 0-8890 proof 0-9200 46-0 0-9638 93-3 0-9946

0-8633

0-8540

0-8560

0-8566

0-8666

0-8573

0-8583

23-0

22-5

21-9

0-8897

0-8904

0-8912

under
1-3

2-2

proof
0-9214

0-9226

46- 1

47-3

47-9

0-9646

0-9664

0-9657

94-3

95-4

96-4

0-9954

0-9962

0-9970

21-4

20-9

20-4

19-9

0-8919

0-8926

0-8933

0-8940

3- 1

4-0
6-0

60

0-9237

0-9248

0-9259

0-9270

49- 1

50-3

61-0

62-2

0-9665

0-9674

0-9677

0-9685

97-3

98-2

99- 1

100-0

0-9978

0-9986

0-9993
1-0000

48-5 0-8690
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And now,
^X, t'fiVtfr£X^^^^ ^^S^

S»l alcohol, .ither by ^ ^B'''/'
J.^'r^uallv employed. It i. a common gtas

„ydr.m.tcr,>tl. ' '»

f''' ^^^'l^SSific ^^^^^^ an? 100, that

^::^JSTr^^'^.XirZt:Z^^^., th. pe.cen.ag. at any

other temperature.

Alcoholometry of Liquids containing besides Alcohol, Saccharins Matters, Colouring

J 4. -^.fn,.,r,;nfi the TOo-Dortion of absolute alcohol contained in -wines, or
In order to

^^^/Xhol a^Sr saccharine and other non-volatile Bub-

f^rSo most aSate met^d c^^^^^ in submitting a know volume of the

;SSo^stm?t o^fTa ^^^^^^^ retort, for instance) ; then, by determimng the specific

bqmd to cbstuia^^^^^^^

to ascertain the per-centage of alcohol an this distil-

E .vhtefmafbe rela^^^^^^^
a Lxtm-e of pure alcohol and ^ate^^^

£ distillatbn is carried on until the last portions have the gravity of distil ed

hv thTascertaining the total volume of the distillate, and TVith the knowledge

S ts ;e?centagro? a^^^^^ the volume of the original liquor used, the method of

^IcSr^he^^^^^^ of alcohol present in the wine, or other liquor, is suflaciently

°^Tn carrying out these distillations care must be taken to prevent the evaporation of

the spSroSe distillate, by keeping the condenser cool And Professor Mulder

recommends the use of a refrigerator, consisting of a glass tube fixed in the centre of

a ia^To that it may be kept filled with cold water. The tube must be bent at a

right angle aid terminate in a cylindrical graduated measure-glass, shaped like a

^°It is well to continue the distillation until about two-thirds of the liquid has passed'

°This process, though the most accurate for the estimation of the strength of alco-

hoHc liquors, is still liable to error. The volatile acids and ethers pass over with the

alcohol into the distillate, and, to a slight, extent, affect the specifac gravity.
_
This

error may be, to a great extent, overcome by nuxing a, little chalk with the wine, or

other liquor, previous to distillation. -.^ ^- p 1.1,

By this method Professor Erande made, some years ago, determinations ot thQ

strength of the following wines, and other liquors :

"—

Proportion of Spirit per Cent, by Measure.

Lissa . . .

Eaisin . . .

Marsala

.

Port (of 7 samples)

Madeira
Sherry (of 4 samples)

Tencriffo

Lisbon .

Malaga .

Eucellas

Cape Madeira
Eoussillon

Claret .

Sauterno

Eurgundy
Hock . . .

Tent '.

Champagne ,

Gooseberry . .

average 25*41

„ 25-12

„ 25-09

„ 22-96

.,
22-27

„ 19-17

. 19-79

18-94

18-94

18-49

average 20-51

19-00

„ 15-10

„ 14-22

„ 14-57

12-08
13-30

„ 12-61

'., 11-84

Orange » . . . average 11'26

Elder . . • »>
8-79

Cider average 5-21 to 9-87

Perry fi
7-26

Mead II
7-32

Ale, Burton 1 f
8-88

Ale, Edinburgh
J>
average 6'87 6-20

Ale, Dorchester J [6-55

Brown Stout .
6-80

London Porter . average 4-20

London Small Beer • >>
1-28

Brandy . .» 53-39

Eum • ->) 63-68

Gin • Ji 67-60
Scotch Wliisky

.• 31 64-32

Irish Whisky

.

' -• •!» 83-90

' The Chemistry of Wine, by G. J. Mulder, edited by H. Benco Jones, M.D.
» Brando's Manuol of Chomistry ; ulso Philosophical Trdns. 1811.
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pitfmJo-i'"'"^'' ^y'^'' ""^"^^ '^'^^ "^oro recently by this

Port (1884) .

Sherry (Monti 11a) .

Madeira
Claret (Haut Brioii)

Charabertin .

Sherry (low quality)
Sherry (brown)
Amontillado .

Mansanilla .

Per-centage of Alcolwl by Volume.

22-46

19-95
22-40
10-0

11-7
20-7
23- 1

20-5

14-4

Port (best) .

Marcobrunnor
Champagne (1st)

Champagne (2nd)
Home Ale
Export Ale
Strong Alo
Stout ,

Porter .

20-2

8-3

12-12

10-85

6-4

6-4

9-0

5-7

4-;8

Br. Christison determined tlie Alooholio Strength of Wines as follows:-^

Port, weakest

.

mean of 7 wines
strongest

Wbite Port .

Sherry, weakest
mean of 13 wines, excluding those

long kept in cask
Sherry, strongest ....

mean of 9 wines, very long kept in
in the East Indies

Madre de Xeres

Madeira /^lll^^gV^ro^g^f*^ •

l_m caskJ weakest .

Teneriffe, long in cask at Calcutta .

Cercial

Dry Lisbon
Chiraz
Amontillado
Claret, a 1st growth of 1811 . <

Chateau Latour, 1st growth, 1825 .

Eosan, 2nd growth, 1825
Ordinary Claret, a superior ' Vin ordinaire

'

Eives Altes

Malmsey .....
Eudesheimer, superior quality .

Eudesheimer, inferior quality

,

Hambacher, superior quality .

Giles' Edinburgh Ale, before bottling

Same Ale, two years in bottle

.

Superior London Porter, 4 mo. in bottle

ery

cask^

Per-centage of
absolute alcohol
by weight in the

wino

14-97

16-20
17-10

14-97
13-98

15-37

16-17

14-72

16-90

16-90

14-09

13-84

16-45

16-14

12-95

12-63

7-72

7-78

7-61
8-9
•31

12-86.

8-40

6-90
7-35
6-70

86-06

5-36

Per-centage of
proof spirit

by
volomo

30-56
33-91

37-27
31-31

30-84

33-69

35-12

32-39

37-06

36-81

30-80

30-21

83-65

34-71
28-30

27-60
16-95
17-06
16-74

18-96
22-36

28-37
18-44

15-19
16-15
12-60
13-40
11-91

Dr. Bence Jones states that the different fermented liquids which he has examined
might, in regard to their strength, or stimulating power, be arranged tlius :

—

Cider . . 100 Champagne

.

. 241
Porter • • • . 109 Madeira . 325
Stout

.

• • • . 133 Marsala . 341
Ale . • • » . 141 Port .... . 358
Moselle . 158 Sherry . 358
Claret . • • • . 166 Geneva .

•.
. 811

Burgundy . • • . 191 Brandy . . . 986
Hock . . • t • . 191 Rum .... . 1,213
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Thus ten dasses of cider or porter, six glasses of claret, five glasses of Burgundy,

four gbsfeLTcrmpagne. thre^a glasses of port, sherry, or Marsala, are eqmvalent

^•^M^A^brKsS'-Vidal. of Toulon.' has proposed to -timate the strength of

. , 7' , 1. r.r^i-ni- fViA larcrflr the QuantilS alcJi^^r^riYa^^^^^^^ hoiuVg p^int the larger the quantity of water p e ent

n it This method is oven applicable to mixtures containing other bodies m solution

Ssfdos sp rit aS Iter since it has been shown that sugar and salts, when present

Kiodrto qSntities , h.ve only a very trifling effect in raising the bod^^^^^^^^

and the process has the great advantage of facility and rapidity of execution, though

same prin-of course not comparable to the method by distillation, for accuracy.

• Mr. Field's patent (1847) alcoholometer is Hkewise founded upon ttie

ciple. The instrument was subsequently improved by Dr. Ure.
„ „„„f<.j„;nn-

The apparatus consists simply of a spirit-lamp placed under a little boiler contaimng

ae alcohoUc liquor, into which fits a thermometer of very fine bore

When the liquor is stronger than proof spirit, the variation m the boiling point is

80 small that an accurate result cannot possibly be obtained ;
and. m 1 act. spirit

approadiing this strength should be diluted with an equal volume of water beloro

submitting it to ebullition, and then the result doubled.
_

,
•

i

Another source of error is the elevation of the boiling point, when the liquor is kept

heated for any length of time ; it is. however, nearly obviated by the addition of

common salt to the solution in the boiler of the apparatus, in the proportion oi 36 or

40 grains. In order to correct the difference arising from higher or lower pressure

of the atmosphere, the scale on which the thermometric and other divisions are

marked is made moveable up and down the thermometer tube and every time,

before commencing a set of experiments, a preliminary experiment is made ot hoiling

some pure distilled water in the apparatus, and the zero point on the scale (winch

indicates the boiUng point of water) is adjusted at the level of the surface ot tho

mercury. On p. 55 will bo found a Table showing the boiling point oi alcoliol oi

different specific gravities.

But even when performed with the utmost care, this process is 18

still liable to very considerable errors, for it is extremely difficult to

observe the boiling point to within a degree ; and ?ifter all, the fixed

ingredients present' undoubtedly do seriously raise the boiling point

of the mixture—in fact, to tho extent of from half to a whole degree,

according to the amount present.

Silbermann's Method.— M. Silbermann'^ has proposed another

method of estimating the strength of alcoholic liquors, based upon

their expansion by heat. It is well known that, between zero

and 100'=' C. (212° F.), the dilatation of algohol is triple that of

water, and this difference of expansion is even greater between

25° C. (77° F.) and 60° 0. (122° F.) ; it is evident, therefore, that

the expansion between these two temperatures becomes a measure

of the amount of alcohol present in any mixture. The presence of

salts and organic substances, such as sugar, colouring, and extractive

matters, in solution or suspension in the liquid, i? said not .materi-

ally to affect the accuracy of tho result ; and M. Silbermann has

devised an apparatus for applying this principle, in p. ready and
expeditious manner, to the estimation of the strength of alcoholic

liquors. The instrument may be obtained of the philosophical in-

strument makers of London and of Liverpool.

It consists of a brass plate, on which are fixed—1st, an ordinary

mercurial thermometer graduated from 22° to 50° C. (77° to 122°

F.), these being tho working temperatures of the dilatatometer ; and
2n(ily, the dilatatometer itself, which consists of a glass pipette, open

at both ends, and of the shape shown in the figure. A valve of cork

or india-rubber closes the tapering end a, whicli valve is attached to

a rod, hh, fastened to tho supporting plate, and conn.ected. \vitli a
spring, n, by which the lower orifice of tho pipette can be opened
or closed at will. Tho pipette is filled, exactly up to the zor.o point,

with tho mixture to be examined—this being accomplished by the

aid of a piston working tightly in the long and wide limb of the pipette ; tho
action of which serves also another valuable purpose—viz. that of drawing any

' Comptes Bcndus, xxrii. 874. " Ihid, xxvii. 418.
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19

Sf Hquid wTon^S^ ^T^' '^'''^''''e ^^^^^^^ «f the column

obtainS L.ri 1
^ ^? • co-efficiont of expansion of tL liquid is

Siduatld
P^°P«Ftion of alcohol -the instrument being, in fact, lo

to rive n?'on^. fr""°"^ "P<^° «^ ^^"o^^ composition as10 give at once the por-contage of alcohol.
Another alcoholometer, whicli, like the former, is more remarkable for the ereat

atXa^^
expedition with which approximative results can be obtoined thaf?ora high degree of accuracy, was invented by M. Geisler, of Bonn, and depends unon

lieiglit to which It raises a column of mercury.
Geisler's Alcoholomcfer It consists of a closed vessel in which the alcoholic mix-

ture is raised to the boiling point, and the tension of the vapour ob-
served by the depression of a column of mercuiyin one limb of a tube, the
indication being rendered more manifest by the elevation of the other end
01 the column.

_

The wine or other liquor of which it is desired to ascertain the strength.
IS put into the little flask, f, which, when completely filled, is screwed
on to the glass which contains mercury, and is closed by a stopcock at s.

1 lie entire apparatus, which at present is in an inverted position, is now
stood erect, the flask and lower extremity of the tube being immersed in
a water-bath. The vinous liquid is thus heated to the boiling point, and
its vapour forces the mercury up into the long limb of the tube. The
instrument having been graduated, once for all, by actual experiment,
the per-centage of alcohol is read ofiFat once on the stem by the height to
which the mercurial column rises.

To show how nearly the results obtained by this instrument agree
with those obtained by the distillation process, comparative experiments
were made on the same wines by Dr. Bence Jones.'

Port, 1834 .

Sherry, Montilla . ,

Madeira . . ,

Haut Brion claret ,

Chambertin . ,

Low-quality sherry .

Brown sherry . ,

Amontillado , ,

Mansanilla . . ,

Port, best . . .

Marcobrunner , .

Home ale . . .

Export ale . . .

Strong ale . . .

TabariS's Method,—There is anoi

By Distillation (Mr. Witt) By Alcoholometer
per cent, by measure. per cent, by measure.

22-46
^^^'^

19-95

22-40

10-0

11-7

20-7

23-1

20-5

14-4

20-2

8-3

6-4

6-4

2-0

,her method of determining the alcoholic contents

of mixtures, which especially recommends itself on account of its simplicity. The

• On the Acidity, Sweetness, and Strength of different Wines, by H, Benco Jones, M.D., F.R.S.

Proceedings of the Royal Institution, February, 1804.
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RDecific eravifcy of tlio liquor is first determined, half its vohime is next evaporated in

the oven air sufficient water is then added to the remainder to restore its onginal

volume, and the specific gravity again ascertained. By deducting the specific gravity

before the expulsion of the alcohol from that obtained afterwards, the difference gives

a snecific gravity indicating the per-centage of alcohol, which may be found by

referring to Gay-Lussac's or one of the other Tables. Tabari^ has constructed a pecu-

liar instrument for determining these specific gravities, which he calls an cenometer
;

but they may bo performed either by a specific-gravity bottle or by a hydrometer in

the usual way. -o n/r 1 1 >

Of course this method cannot be absolutely accurate; nevertheless, Proi. Mulder s

experience with it has led him to prefer it to any of the methods before described,

especially where a large number of samples have to be examined. He states that the

results are almost as accurate as those obtained by distillation. The evaporation of

the solution may be accelerated by conducting hot steam through it.

Adidieraimis.—Ahsolnte alcohol should be entirely free from water. This may be

recognised by digesting the spirit with pure anhydrous sulphate of copper. If the

spirit contain any water, the white salt becomes tinged blue, from the formation of

the blue hydrated sulphate of copper.

Eectified spirit, proof spirit, and the other mixtures of pure alcohol and water,

should be colourless, free from odour and taste. If containing methylic or amylic

alcohols, they are immediately recognised by one or other of these simple tests.

Dr. Ure states that if wood-spirit be contained in alcohol, it may be detected to

the greatest minuteness by the test of caustic potash, a little of which, in powder,

causing wood-spirit to become speedily yellow and brown, while it gives no tint to

alcohol. Thus 1 per cent, of wood-spirit may be discovered in any sample of spirits

of wine.

The admixture with a larger proportion than the due amount of water is of course

determined by estimating the per-centage of absolute alcohol by one or other of the

several methods just described in detail.

The adulterations and sophistications to which the various spirits known as nun,

brandy, whisky, gin, &c. are subjected, will be best described under these respective

heads, since these liquors are themselves mixtures of alcohol and water with sugar,

colouring matters, flavouring ethers, &c.

AIiDZSHYDE. Aldehyde was first obtained by Dobereiner, who named it Light

Oxygen Ether. The name is an abbreviation of Alcohol dehydrogenatum. It is the

fluid obtained from alcohol by the removal of two atoms of hydrogen. Thus, alcohol

being represented by the formula C* H« 0^ (C^ K« O), aldehyde becomes 0^ 0*

{cr- O). See Lampic Acid.

Preparation.—Aldehyde is prepared by various processes of oxidation. Liebig

has published several methods, of which the following is perhaps the best.

Three parts of peroxide of manganese, three of sulphuric acid, two of
_
water,

and two , of alcohol of 80 per cent., are weU mixed and carefully distilled in

a spacious retort. The extreme volatility of aldehyde renders good condensation

absolutely necessary. The contents of the retort are to be distilled over a gentle and

manageable fire until frothing commences, or the distillate becomes acid. This

generally takes place when about one-third has passed over. The fluid in the

receiver is to have about its own weight of chloride of calcium added, and, after slight

digestion, is to be carefully distilled on the water-bath. The distillate is again to be

treated in the same way. By these processes a fluid will be obtained entirely free

from water, but containing several impurities. To obtain the aldehyde in a state of

purity it is necessary, in the first place, to obtain aldehyde-ammonia ; this may be

accomplished in the following manner :—The last distillate is to be mixed in a

flask with twice its volume of ether, and, the flask being placed in a vessel surrounded

by a freezing mixture, dry ammoniacal gas is passed in until the fluid is saturated.

In a short time crystals of the compound sought separate in considerable quantity.

The aldehyde-ammonia, being collected on a filter, or in the neck of a funnel, is to

be washed with ether, and dried by pressure between folds of fiiltering paper, followed

by exposure to the air. It now becomes necessary to obtain the pure aldehyde
from the compound with ammonia. For this purpose two parts are to be
dissolved in an equal quantity of water, and three parts of sulphuric acid, mixed with
four of water, are to be added. The whole is to be distilled on the water-bath, the
temperature, at first, being very low, and the operation being stopped as soon as the
water boils. The distillate is to be placed in a retort connected with a good condens-
ing apparatus, and, as soon as all the joints are known to be tight, chloride of calcium,
in fragments, is to be added. The heat arising from the hydration of the chloride
causes the distillation to commence, but it is carried on by a water-bath. The dis-
tillate, after one moro rectification over chloride of calcium, at a temperature not

Vol. I. F
*



66 ALEMBROTH
exceeding 80° I., will eonsist of pure aldoliydo. Aldehyde is a colourless, very
volatile, and mobile fluid, having the density 0-800 at 32°. It boils, under ordinary
atmospheric pressure, at 70° F. Its vapour density is 1-332. Its formula corro-
sponds to four volumes of vapour ; wo consequently obtain the theoretical vapour
density by multiplying its atomic weight= 44 by lialf tho density of hydrogen, or
•034G. Tho number thus found is 1-6224, corresponding as nearly as could bo
desired to tho experimental result.

Aldehyde is produced in a gi-eat number of processes, particularly during the de-
structive distillation of various organic matters, and in processes of oxidation. From
alcohol aldehyde may be procured by oxidation with platinum black, nitric acid,
chromic acid, chlorine (in presence of water), or, as wo 'have seen, a mixture of
peroxide of manganese and sulphuric acid. Certain oils, by destructive distilLation,
yield it. Wood vinegar in the crude stito contains aldehyde as well as wood-spirit.
Lactic acid, when in combination with weak bases, yields it on destructive distilb-
tion._

_
Various animal and vegetable products afford aldehyde by distillation with

oxidizing agents, such as sulphuric acid and peroxide of manganese, or bichromate
of potash.

Tho word aldehyde, like that of alcohol, is gradually becoming used in a much
more extended sense than it was formerly. By tho term is now understood any
organic substance which, by assimilating two atoms of hydrogen, yields a substance
having tho properties of an alcohol, or, by taking up two atoms of oxygen, yields
an acid. It is this latter property which has induced certain chemists to say
that there is the same relation between an aldehyde and its acid as between inorganic
acids ending in ous and io. Several very interesting and important substances are
now known to belong to the class of aldehydes. The essential oils are, in several

instances, composed principally of bodies having the properties of aldehydes. Among
the most prominent may be mentioned tho oils of bitter almonds, cumin, cinnamon,
rue, &c. Now that tho character of tho aldehydes is becoming better understood,

the chances of artificially producing the essential oils above alluded to in the com-
mercial scale become greatly increased. A substitute for one of them has been for

some years known under the very incorrect name of artificial oil of bitter almonds.

See NiTEOBENZouB.—C. G. W.
XLXiSEKYDX: GREEXO', Aniline Green, or Emeraldine. This dyo was discovered

in 1863 by M. Cherpin, of Saint Ouen, and is employed for dyeing silk; the colour

is especially brilliant by candle-light. It may be conveniently prepared by adding

one-half part of aldehyde to a cold solution of one part of magenta in three of strong

sulphuric acid, and one of water. This mixture, when heated, yields an '.instable

blue substance known as aldehyde blue. By pouring this into a large bulk of boiling

water containing about three or four times as much hyposulphite of soda as magenta

originally employed, and then boiling and filtering the product, the aldehyde green

will be obtained in the filtrate. See Anh-ine.

AKBES. {Aune, Fr. ; Erie, Ger. ; Alnus glutinosa, Lin.) A tree, different species

of which are indigenous to Europe, Asia, and America. The common alder seldom

grows to a height of more than 40 feet. The wood is stated to be very durable under

water. The piles at Venice, and those of Old London Bridge, are stated to have

been of alder ; and it was much used for pipes, pumps, and sluices. The charcoal of

this wood is used for gunpowder.

AIiE. The fermented infusion of pale malted barley, combined with infusion of

hops. See Beer.
.aXiEMBXC. A Still. Seo Distiixation. The

term is, however, applied to a still of peculiar con-

struction, in which tho head, or capital, is a separate

piece, fitted and ground to the neck of the boiler, or

cucui'bit, or otherwise carefully united with a lute.

The alembic has this advantage over tho common
retort, that the residue of distillation may be easily

cleared out of tho body. It is likewise capable, when

skilfully managed, of distilling a much larger quantity

of liquor in a given time than a retort of equal

capacity. In France the term alembic, or rather

alambic, is used to designate a glass still.

AX.EMBROTH, SilXT or. {Sal Alernhroth.)

Tho salt of wisdom of the alchemists ; a compound of bichloride of mercury and

sal ammoniac. If two atoms of bichloride of mercury are mixed with one atom of

sal ammoniac and eight atoms of water, at 140° this mixture is fluid, but tho salt ot

alombroth crystallises on cooling.
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Alaria eseulenta.

Ulva latissima.

ATCVCOia' I.ACB. A French laco, of which it is one of the riehost, finest,

Btifngesr and most expensive.
,

It has a six-sided mesh of two threads wove with

Tiiirn hand-spun linen thread. See Lace.
. . , , . , ,

^^tEXANDRlTE. A variety of Chrysoberyl occurring m large t^vin crystals,

which are usually arranged in six-rayed star-shaped groups The mineral presents

In ememid-green colon?, due probably to the presence of chromium; but by trans-

Stld Hght the colour is coliimbino-red. It is found in the emerald-mines of

Swaja 180 versts east of Katerinburg, in the Ural Mountains; but is not suffi-

ciently clear and free from flaws to bo used as a precious stone.

AIGJE. (
Varech, Fr. ;

Secgras, or Alge, Ger.) An order of cryptogamous plants,

including the seaweeds (fuous) and the lavers {ulva) growing in salt water, and the

freshwater confervas. We have only to deal with those seaweeds which are of any

commercial value.

Dr. Pereira gives the following list of esculent seaweeds

:

Shodomenia pahmia (or Dulse) Iridma edidis.

Bhodovienia ciliata.

Laininaria saccJiarina.

Bhodomenia palmaia passes under a variety of names, dulse, dylish, or dellish, and

amongst the Highlanders it is called duUinff, or watorleaf. It is employed as food by

the poor of many nations ; when well washed, it is chewed by the peasantry of

Ireland without being dressed. It is nutritious, but sudorific, has the smell of violets,

imparts a mucilaginous feel to the mouth, leaving a slightly acrid taste. In Iceland

the didse is thoroughly washed in fresh water and dried in the air.
_
When thus

treated it becomes covered with a white powdery substance, which is sweet and

palatable ; this is mannite (see Manna), which Dr. Stenhouse proposes to obtain from

seaweeds. ' In the di-ied state it is used in Iceland with fish and butter, or else, by

the higher classes, boiled in milk, with the addition of rye flour. It is preserved

packed in close casks : a fermented liquor is produced in Kamtschatka from this

seaweed, and in the North of Europe and in the Grecian Archipelago cattle are fed

upon it.'

—

Stenhouse.

Laminaria saccharina yields 12-15 per cent, of mannite, while the Ehodomenia pal-

maia contains not more than 2 or 3 per cent.

Iridwa edulis.—The fronds of this weed are of a dull purple colour, flat, and suc-

culent. It is employed as food by fishermen, either raw or pinched between hot

irons, and its taste is then said to resemble roasted oysters.

Alaria eseulenta.—Mr. Drummond informs us that on the coast of Antrim, ' it is

often gathered for eating, but the part used is the leafiets, and not the midrib, as is

commonly stated. These have a very pleasant taste and flavour, but soon cover the

mouth with a tenacious greenish crust, which causes a sensation somewhat Like that

of the fat of a heart or kidney.'

TJlva latissima (Broad green laver).—This is rarely used, being considered inferior

to the Porphyra laciniata (Laciniated purple laver). This alga is abundant on all our

shores. It is pickled with salt, and sold in England as laver, in Ireland as sloke, and
in Scotland as slaak. The London shops are mostly supplied with laver from the

coasts of Devonshire. When stewed, it is brought to the table and eaten -svith pepper,

butter or oil, and lemon-juice or vinegar. Some persons stew it witli leeks and
onions. The pepper dulse {Laurencia pinnatifida), distinguished for its pungent
taste, is often used as a condiment when other seaweeds are eaten. ' Tangle

'

{Lanmiaria digitata), so called in Scotland, is termed ' red-ware ' in the Orkneys,
' sea-wand ' in the Highlands, and ' sea-girdles ' in England. The flat leathery fronds

of this weed, when young, are employed as food. Mr. Simmonds teUs us, ' There was
a time when the cry of " Buy dulse and tangle " was as common in the streets of

Edinburgh and Glasgow, as is that of " water-cresses " now in our metropolis.'

—

Society of Arts' Journal.

Laminaria potatorum,—The large sea tangle is used abundantly by the inhabitants

of the Straits of Magellan and by the Fuegians. Under the name of ' BuU Kelp ' it

is used as food in New Zealand and Van Diemen's land. It is stated to be exceed-
ingly nutritive and fattening.

Chondrus crispus (chondrus, from x<^5pos, cartilage).—Carrageen, Irish, or pearl
moss. For purposes of diet and for medicinal uses, this alga is collected on the west
coast of Ireland, washed, bleached by exposure to the sun, and dried. It is not un-
frcquontly used in Ireland by painters and plasterers as a substitute for size. It has
also boon successfully applied, instead of isinglass, in making blanc-mango and
jollies

; and in addition to its use in medicine, for which purpose it was introduced by
Lr. Todhunter, of Dublin, about 1831, a thick mucilage of carrageen, scoptod with

F 2
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Bomo proparod spirit, is sold as handolinc, fixature, or clysphiiique, and it is employed
for stitfoning silks. According to Dr. Davy, carrageen consists of

Gummy matter 28-5
Gelatinous matter ....... 49-0

Insoluble matter 22*5

100^

The following results, obtained by Dr. Apjohn and Dr. Davy, show, in a satisfac-

tory manner, the value of the algao. The amount of water is less than tliat wliich
belongs to the algae when fresh from tlie sea, all those Ixaving undergone a partial
drying in the progress of carriage from the coast ;

—

Nitrogen per cent.

2-152
2'397

3- 77(5

Einds of Algie Water Dry
ILitter

Per Cent,
of Nitrogen

In Dry
Matter

Protein
contained
in Dry
Matter

Chondrits crispua, bleached . 17-92 82-08 1-534 9-587
Chondrus crispjts, unbleached, Bally-

castle 21-47 78-53 2-142 13-387
Gigartina Tmmmillosa, Ballycastle 21-55 76-45 2-198 13-737
Chondrits crispus, bleached, (2nd expe-

riment) . . .... 19-79 80-21 1-485 9-281

Chondrus crispus, unbleached, Bally-

castle, (2nd experiment) . 19-96 80-04 2-510 15-687

Laminaria digitata, or Dulse tangle.

Ballycastle 21-38 78-62 1-588 9-925

Laminaria digitata, or Black tangle,

Ballycastle 31-05 68-95 1-396 8-725

Rhodomenia palmala, or Dylish, Bally-

castle ...... 16-56 83-44 3-465 21-656

Forphyra laciniata, Ballycastle . 17*41 82-59 4-650 29-062

Iridcea cdulis, Ballycastle , . , 19-61 80-39 3-088 19-300

Alaria esoulenta, or Murlins, Ballycastle 17-91 82-09 2-424 15-150

Mean composition of these Algse 20-42 79-58 2-407 15-045

The quantity of nitrogen contained in some of these plants is remarkably large,

and will, of course, with the protoinaceous substances detected in all the Algse,

account for the high nutritive value ascribed to them.

Plocaria Candida.—Ceylon moss ; Edible moss. This moss is exported from

the islands of the Indian Archipelago, forming a portion of the cargoes of nearly

all the junks. It is stated by Mr. Crawford, in his 'History of the Indian Archi-

pelago,' that on the spots where it is collected, the prices seldom exceed from 5s. 8d.

to 7s. 6d, per cwt. The Chinese use it in the form of a jelly with sugar, as

a sweetmeat, and apply it in the arts as an excellent paste. The gummy matter

which they employ for covering lanterns, varnisliiug paper, &c., is made chiefly from

this moss.

As ordinarily sold in Ceylon, it appears to consist of several varieties of marine

productions, with the Plocaria intermixed.

The Agar-Agar of Malacca belongs to this variety; and probably seaweeds of

this character are used by the Salangana or esculent swallow in constructing their

nests, which are esteemed so great a delicacy by the Chinese. The plant is found on

the rocks of Pulo Ticoos and on the shores of the neighbouring islands. It is blanched

in the sun for two days, or until it is quite white. It is obtained on submerged banks

in the noighljourhood of Macassar, Celebes, by tlie Bajow-laut, or sea-gipsies, who
£,eiid it to Chimi. It is also collected on the reefs and rocky submerged ledges in the

Specimens supplied by Dr. Davy, and dried at 212°

—

Chondrus crispus, bleached
Fucus vcsiculosus

Bhodomenia falmata {J)y\hh.)

,
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neiKhbourliood of Singapore. Mr. Montgomery Martin informs us that Agar-Agar

pS ces in China from six to eight dollars per pecul in its dry and bulky state

l^m 6,000 to 12,000 peculs are produced annually, the pecul being equal to 100

catties of 1-333 lbs. each. '

. , j t j r

Similar to this, perhaps the same in character, is the Agal-Agal, another species

of seaweed. It dissolves into a glutinous substance, and its principal use is tor

summing silks and paper, as nothing equals it for paste, nor is it liable to bo

Saton by insects. The Chinese make a beautiful kind of lantern formed of

netted thread washed over with this gum, and which is extremely light and trans-

^^Dr.'^Macgowan, of Ningpo, forwarded to the Society of Arts, through Sir John

Bowring, the following algre, which he thus names and describes :—

Tan-shwin grass, so named from the place, on the coast of Formosa, whence it is

procured. It is used for maldng yang-tsai (ocean-vegetable).
_ .

i .

Nin-mau (ox-hair) grass. Made into an iced jelly, and sold m the streets, in hot

weather, sugared.
, xi. •

Hai-tiU (sea-tape). Sent into the interior, wherever fossil coal is used, it is con-

sidered corrective of the deleterious exhalations of that fuel. It is usually boiled -mth

pork. This kind comes from Shantung province.

Tsz-isai (purple vegetable). Often eaten as it is, to give a relish to nee, or

cooked.
^ , • ^ r

Fah-tsai (hair vegetable). Boiled, either with animal or vegetable articles, forms

a broth. Also the gills eaten with sugar.

Ki-tsai (hen-foot vegetable). Cooked with soy or vinegar. Used by women to

make the hair glossy, and to strengthen it. A kind of Bandoline.

Sea-tape, from Japan. It is preferred to the former.

Within the last few years considerable improvements have been eflfectod ir the

economic applications of algse or seaweeds. Mr. E. C. C. Stanford's method of

utilising the marine alg£e is carried out at the works of the British Seaweed Company
in the Hebrides. The seaweed is collected during the winter, and the Company is

thus enabled to employ a large number of hands at a time when they would other^vis6

be unoccupied. The dried and compressed weed is distilled in retorts at a low red

heat ; a larger quantity of iodine is thus obtained than would be yielded by burning

the weed for kelp in the ordinary way, whilst the alkaline salts are obtained more
easily and economically. Further, a number of volatile organic products—such as tar,

ammonia, and acetic acid—are collected from the distillation, and an illuminating gas

is also obtained : indeed, the Company's works are lighted by seaweed gas. Finally,

the carbonaceous residue in the retort, known as seaweed charcoal, is recommended
for use as a valuable deodorizer instead of earth in the dry-closet system. A collec-

tion of products obtained from seaweed by Stanford's process was exhibited in the

'International Exhibition of 1871. See Kelp ; Iodine.

AXiCAROBA, See Algaeovtlla.
AIiGAROTH, POWSSR or. Powder of Algarotti,—English Powder. This

salt was discovered by Algarotti, a physician of Verona. Chloride of antimony is

formed by boiling black sulphide of antimony with hydrochloric acid : on pouring the
solution into water, a white flocky precipitate falls, which is an oxychloride of anti-

mony. If the water be hot, the precipitate is distinctly crystalline; this is the
powder of algaroth. This oxychlonde is used to furnish oxide of antimony in the
preparation of tartar emetic.

AXiCAROVIIiIiA. This substance is called by the Spaniards AJgaroba, from the
resemblance it boars to the fruit of the Carob {Ceratonia siliqua), which is a native
of Europe, in the southern countries of Spain and Portugal. It is the fruit of a tree

which_ grows in Chili, of which the botanical name is Prosopis pallida, according to
Captain Bagnald, R.N., who first brought a sample of it to this country in the year
1832. It consists of pods bruised and agglutinated more or less with the extractive
exudation of the seeds and husks. According to a more recent determination, algaro-
villa is said to be the product of the tree Juga Marthae of Santa Martha, a provinco
of Now Carthagena.

It is an astringent substance roplote with tannin, capable, by its infusion in water,
of tanning leather, for which purpose it possesses more than four times the power of
good oak-bark. Its active matter is very soluble in water at a boiling temperature.
The seeds are merely nutritive and demulcent, but contain no astringent property.
This resides in the husks. The seeds in the entire pod constitute about one-fifth of
the weight, and they are three or four in number in each oblong pod. Alcohol of
60 per cent, over proof dissolves 64 parts in 100 of this substance. The solution
consists chiefly of tannin, with a very little resinous matter. Water dissolves some-
what more of it, and affords a very styptic-tasted solution, which precipitates solution
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of isinglass very copiously, like infusion of galls and catochu. Ita solution forms
with sulphate of iron a black procipitJito.

AXiCERlAir ONYX, or OITYX MJI.aBX.E. A stalagmitic carbonate of lime,

rosombling tho alabaster of tlio ancients. The chief quarries are at Ain-Tokbalet in

tho province of Oran, in Algeria. The deposit there forms regular beds, nearly
horizontal, prosonting a thickness of from 6 to 10 mitres, and extending over an area
of more than 100 hectares. Originally tho quarries -were -worked by the Eomans, and
subsequently by the Moors of Tlemcon. A few years ago they were re-discovered,

and are now actively worked ; the marble being highly prized as an ornamental stone,

A similar material has been found in tho Caucasus, and is worked at Tiflis.

AltlMEN'T. {AliTnentum, from alo, to feed). Tho food necessary for tho human
body, and capable of maintaining it in a state of health.

1. Nitrogenous substances are required to deposit, from tho blood, tho organised

tissue and solid muscle.

2. And carbonaceous, non-nitrogenous bodies, to aid in the processes of respiration,

andin the supply ofcarbonaceous elements, as fat, &c., for the due support ofanimal heat.
For information on these substances, consult Liebig's 'Animal Chemistry,' the

investigations of Dr. Lyon Playfair, and Dr. Kobert Dundas Thompson's ' Experi-

mental Eosearches on Food,' 1846. See Food.
AIiiniEZl'TA.RY SITBSTAKTCES. See Ntttritiox.

AXiXZARZlO-E. C^sffO' (C'^K^O^). One of the red colouring principles of

Madder. See Madder.
In 1869 Messrs. Graebe and Liebermann made the important discovery that

alizarine might be produced artificially from anthracene, one of the heavy products of

coal-tar distillation. Both scientifically and commercially, the discovery was one of

unusual interest : it furnished the fijst instance of the synthetical formation of an

organic colouring matter, and at the same time opened up a new branch of industry.

According to Messrs. Graebe and Liobermann's original process, tho anthracene was

first subjected to tho action of certain oxidising agents, and thus converted into a

compound called anthraquinone or oxanthracene. This conversion may be effected by

heating one part of anthracene with two parts of bichromate of potash and sulphuric

acid, or by heating one part of anthracene with two parts of bichromate of potash

together with one part of glacial acetic acid. The anthraquinone thus obtained

is then converted into a bibromide by being heated with bromine. Finally,

this dibromanthraquine is heated to about 356° F. with caustic potash or soda, and

thus yields a blue product, which when cold is treated with water ; an excess of acid is

then added to the filtered solution, and the yellow precipitate thus thrown down is

washed and dried at a gentle heat. This precipitate is identical in chemical composi-

tion and in its properties vnth the alizarine of the madder-root.

Valuable as these researches were in a scientific point of view, it remained for Jlr.

Perkin to render the process economically available to the manufacturer by introducing

important modifications, whereby the use of an expensive agent like bromine was

dispensed with. Mr. Perkin showed thatwhen anthraquinone is strongly heated with

sulphuric acid of specific gravity 1-84, it is converted into disulphoanthroquinonic

acid, and that this acid, when heated with hydrate of potash to a temperature^ of

356° F., ultimately yields sulphite and alizarate of potash, from which the alizanne

may be thrown down, as a bright yellow precipitate, by addition of hydrochloric acid.

AXiKiHiX. A term derived from tho Arabians, and introduced into Europe when

the Mahometan conquerors pushed their conquests westward. Al, el, or ul, as an

Arabic noun, denotes ' God—Heaven—Divine.' As an Arabic particle, it is prefixed

to words to give them a more emphatic signification, much the same as our particle

the ; as in Alcoran, the Koran, alchemist, the chemist.

Kali was the old name for the plant producing potash (tho glasswort, so caUed

from its use in the manufacture of glass), and alkali signified no more than the kali

plant Potash and soda were for some time confounded together, and were hence

called alkaUs. Ammonia, which much resembles them when dissolved m water,

was also called an alkali. Ammonia was subsequently distinguished as the volatiU;

alkali, potash and soda being called fixed alkalis. Ammoma was also caUed the

animal alkali: soda was tho mineral alkali, being derived from rock-salt, or from

the ocean; and potash received the name of vegetable alkab, froni its source being

the ashes of plants growing upon tho land. Alkalis are characterized by being very

soluble in water, by neutralising the strongest acids, by turmng to brown the vege-

table yellows, and to green tho vegetable rods and blues.

Some chemists classify all salifiable bases under tins name.
_ , w

In commercial language, the term has been hitherto applied to an impure soda, but

now it is understood to comprehend both soda and pot^ish. The imports and exports

of the alkalis are given on tho opposite page. See Potash and Soda.



ALKALI 71

Of Alkali manufactured in tlio United Kingdom the following quantities were

BXPOETED :

—

1870 1871 1872

Quantity Value Quantity Value Quantity Value

Tn "Riitisift • • • •

„ Germany ....
„ Holland ....
„ France . . . •

„ United States .

„ Other Countries

.

cwts
256,210
485,454
217,892
146,027

1,903,640
844,170

£
129,427
155,258

57,212
53,657

755,838
334,653

cwts
241,692

682,627
266,846
195,777

1,924,510
865,215

£
131,994
249,138
81,283
64,493

827,051
393,310

cwts
264,129
677,594
2uO,UoO
88,924

2,190,559

976,754

£
177,017
332,829
104 Odd.

44,878

1,250,591
579,804

Total . 3,853,393 1,486,045 4,176,667 1,747,269 4,458,045 2,489,363

The Imports of alkali were as follows :

—

1
cwts j £>

Alkali Imported . . .
I

92,497 |
153,041

l[
cwts

li
101,560

I

144,995
11

cwts

11
88,921 1 164,530

These quantities were from Germany, Spain, the United States, and other parts of

America, and small quantities from a few other places.

AX.KAX.X, ORGAIO-XC, or AI.XAI.OID. During the last few years the

organic alkaloids have so greatly increased in number, that a considerable volume

might be devoted to their history. In "Watts's ' Chemical Dictionary '
will be found

a long list of the most important nitrogen-alkaloids, natural and artificial, with a

statement of the sources from which they are derived, or a description of their mode

of formation. There are, however, only a few which have become articles of

commerce. The principal sources from whence they are obtained are the following

:

—1. The animal kingdom. 2. The vegetable kingdom. 3. Destructive distillation.

4. The action of potash on the cyanic and cyanuric ethers. 5. The action of ammonia

on the iodides, &c. of the alcohol radicals. 6. The action of reducing agents on

nitro-compounds. The principal bases existing in the animal kingdom^ are creatine

and sarcosine. The vegetable kingdom is much richer in them, and yields a great

number of organic alkalis, of which several are of extreme value in medicine. Modern

chemists regard all organic alkalis as derived from the types ammonia or oxide of

ammonium. Their study has led to results of the most startling character. It has

been found that not only may the hydrogen in ammonia and oxide of ammonium be

replaced by metals and compound radicals without destruction of the alkaline character,

but even the nitrogen may be replaced by phosphorus or arsenic, and yet the resulting

compounds renmin powerfully basic. In studying the organic bases, chemists have

constantly had in -^dew the artificial production of the bases of cinchona bark. It is

true that this result has not as yet been attained ;
but, on the other hand, bodies have

been formed having so many analogies, both in constitution and properties, with the

substances sought, that it cannot be doubted the question is merely one of time. The
part performed by the bases existing in the juice of flesh has not been ascertained,

and no special remedial virtues have been detected in them ; but this is not the case

with those found in vegetables ; it is, in fact, among them that the most potent of all

medicines are found—such, for example, as quinine and morphia. It is, moreover,

among vegetable alkaloids that we find the substances most inimical to Hfe, for

aconitine, atropine, brucine, coniine, curarine, nicotine, solanine, strychnine, &c. &c.,

are among their number. It must not be forgotten, however, that, used with proper

precaution, oven the most virulent are valuable medicines. The fearfully poisonous

nature of some of the organic bases, together with an idea that they are difi&cult to

detect, has unhappily led to their use by the poisoner; strychnine, especially, has

acquired a painful notoriety, in consequence of its employment by a medical man to

destroy persons whose lives he had insured. Fortunately for society, the skill of the

analyst has more than kept pace with that of the poisoner ; and without regarding the

extravagant assertions made by some chemists as to the minute quantities of vegetable

poisons they are able to detect, it may safely be asserted that it would be very difficult

to administer a fatal dose of any ordinary vegetable poison without its being discovered.

Another chedc upon the poisoner is found in the fact that those most difficult of
isolation from complex mixtures are those which cause such distinct symptoms of
poisoning in the victim, that the medical attendant, if moderately observant, can
scarcely fail to have his suspicions aroused.

Under the heads of the various alkaloids will bo found (whore deemed, of sufficient
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21

22

0^

lOH

SS^—b"? w""'^^
'^^^^ preparation, but also the easiest method of

AXiXAXiXMETER. There are various kinds of alkalimeters, but it will be more
convoniout to oxiilain their construction and use in the article on Alkaximetey, to
which the reader is referred.

AZ.XAI.XMETRT. 1. The object of alkalimetry is to determine the quantity of
caustic alkali or of carbonate of alkali contained in the potash or soda of commerce.
The principle of the method is, as in acidimctry, based upon Dalton's law of chemical
combining ratios—that is, on the fact that in order to produce a complete reaction a
certain definite weight of reagent is required, or, in otlior words, in order to saturate
or completely neutralise, for example, one equivalent of a base, exactly one equivalent
of acid must be employed, and vice versd. This having been thoroughly explained in
the article on Acidimetby, the reader is referred thereto.

2. The composition of the potash and of the soda met with in commerce presents
very great variations ; and the value of these substances being, of course,
in proportion to the quantity of real alkali which they contain, an easy
and rapid method of determining that quantity is obviously of the greatest
importance both to the manufacturer and to the buyer. The process by
which this object is attained, though originally contrived exclusively for
the determination of the intrinsic value of these two alkalies (whence its

name Alkalimetry), has since been ex-

tended to that of ammonia and of earthy

bases and their carbonates, as will be

shown presently.

3. Before, however, entering into a de-

scription of the process itself, we will give

that of the instrument employed in this

method of analysis, which instrument is

called an alkalimeter.

4. The common alkalimeter is a tube

closed at one end (see fg. 21), of about

fths of an inch internal diameter, about

9^ inches long, and is thus capable of

containing 1,000 grains of pure distiUed

water. The space occupied by the water is

divided accurately into 100 divisions, num-
bering from above downwards, each of

which, therefore, represents 10 grains of

distilled water.

6. When this alkalimeter is used, the

operator must carefully pour the acid from

it by closing the tube with his thumb, so

as to allow the acid to trickle in drops as

occasion may require ; and it is well also to

emear the edge of the tube with tallow, in order to prevent any portion
_
of the test

acid from being wasted by running over the outside after pouring, which accident

would, of course, render the analysis altogether inaccurate and worthless ; and, for

the same reason, after having once begun to pour the acid from the alkalimeter by

allowing it to trickle between the thumb and the edge of the tube, as above men-

tioned, the thiunb must not be removed from the tube till the end of the experiment,

for otherwise the portion of acid which adheres to it would, of coui-se, be wasted

and vitiate the result. This uncomfortable precaution is obviated in the other forms

of alkalimeter now to be described.

6. That represented in Jig. 22 is Gay-Lussac's alkalimeter ; it is a glass tube about

14 inches high, and ^ an inch in diameter, capable of holding more than 1,000 grains

of distilled water; it is accurately graduated from the top downwards jnto 100

divisions in such a way that each division may contain exactly 10 grams of water.

It has a small tube, b, communicating with the larger one, which small tube is bent and

bevelled at the top, c. This very ingenious instrument, known also under the nanies

of ' burette' and 'pourct,' was contrived by Gay-Lussac, and is by far more convement

than the common alkaUmeter, as by it the test acid can be unerringly poured drop by

cbop, as wanted. The only drawback is the fragility of the small side-tubo, b, on

which account the common alkalimeter, represented in fg. 21, was generally used,

especially by workmen, because, as it has no side-tube, it is less liable to bo broken

;

but it gives less accurate results, a portion of the acid being wasted m vanous ^js,

and it is besides less manageable. Gay-Lussac's ' burette is therefore prf^'fable

;

and if melted wax bo run between the space of the largo and of the small tube, the
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instrument is rendered much less liable to injury ;
it is generally sold with a separate

L,^.^,lnn foot or socket, in wliich it may stand vertically.

•'^f Thrpreced?ng form of alkalimeter {fig. 23), ^hich I
th^fTf^1'^ I think, be found equally delicate, but more convenient still than that of

GT;-Lussac It consists of a\lass tube a, of the same dimensions and ^aduated in

Kme manner as that of G.^-Lussac ; but it is provided with a glass foo
,
and the

uine^ par^ B, is shaped like the neck of an ordinary glass bottle ;
c is a biilb blown

froKla s tube, o^e end of which is ground to fit the neck, b, of the alkalimeter,

like an oSna^ glass stopper. This b^b is drawn to a capillary point at y> and has

a somewhat largf opening at b. With this instrument the acid is perfectly under

?hoTn?ol of the operator, for the globular joint at the top enables him to see the

liquor before it actually begins to (5op out, and he can then regulate the pouring o

Z greatest nicety, wMst its more substantial form renders it
J^f

accidents than that of Gay-Lussac; the glass foot is extremely conven ent, and is at

£ same time a great additional security^ The manner of using it will be described

^''sJ'Another alkalimeter of the same form as that which I have just described,

except that it is all in one piece, and has no globular enlargement, is represented in

fig. 24. Its construction is otherwise the same, and the results obtained are equally

delicate ; but it is less under perfect control, and the test acid is very liable to run

down the tube outside : this defect might be easily remedied by drawing the tube into

a finer and more delicate point, instead of in a thick blunted projection, from which

the last drop cannot be detached, or only with difficulty and imperfectly. A glass

foot would moreover be an improvement.

9. With Schiister's alkalimeter (represented in fig. 25), the strength of alkalis ia

determined by the weight, not by the measure, of the acid employed to neutralise the

alkali : it is, as may be seen, a small bottle of thin glass, liaving the form of the head
of the alkalimeter represented in fig. 23. We shall describe further on the process of

analysis with this alkalimeter.

10. The alkalimeter most used now is that known as Mohr's {fig. 26). It consists of

a straight graduated tube, having its lower extremity contracted and di-awn out so as
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L Wmilfi 1 J
7"^ ^^5^°' ^^'"^ ««<^'^'"i °' Of caoutchouc tubing. This

Ilni;J^f , 1T " SV^'' ""^'^^ ^-^^"g out a piece of quill tubing, so as to

ron nvL A
^'^^tained in the alkalimetor in a lino stream, or by single drops, as

«™ .1
* 27) i« used to regulate the flow of tho liquid A

nn^K^n
^ \ end atUiched to the support of the burette, is still better, as itenables the operator to deliver the test liquor at any desired rate, and leaves both

^Inf IT' ? °l'i™P a short pioco of glass rod, of a diameter sUghtly
groator than the bore of the caoutchouc tube, may bo introduced between the end of the
alkahmotor and tlio jet. By slightly pinching tlio rod between the thumb and fore-
tingor, tho caoutchouc tube is expanded laterally, and allows tho liquid to escape
between the glass rod and its inner surface, effectually closing again tho moment the
prossiiro is rolioyed. A float {fg. 28) may bo used with advantage with these
burettes. It consists of a short glass tube, closed at both ends, and weighted with
morcu^, so as to float upright and rise but Httlo out of the liquid. A line is etched
round the middle of tho float, and from this all readings off aro made, without regard
to the upper surface of the fluid. Tho float should fit pretty closely, but easily, and
tho lino round it should bo perfectly horizontal, or inaccuracies will be introduced into
tho readings. 1 hero are several other forms of allcalimeter, but whichever of them is
employed the process is the same—namely, pouring carefully an acid of a known
strength into a known weight of the alkaU under examination, until tho neutralising
point is obtained, as will be fully explained presently.

11. Blue litmus-paper being immediately reddened by acids is tho reagent used for
ascertaining tho exact point of the neutralisation of the alkaU to be tested. It is prepared

by pulverising one part of commercial litmus, and digesting
it in six parts of cold water, filtering, and dividing tho blue
liquid into two equal portions, adding carefully to one of the
portions, and one drop at a time, as much very dilute sulphuric
acid as is sufficient to impart to it a slight red colour, and
pouring the portion so treated into the second portion, which
is intensely blue, and stirring the whole together. The mix-
ture so obtained is neutral, and by immersing slips of whita

28

blotting-paper into it, and carefully drying them by hanging them on a stretched

piece of thread, an exceedingly sensitive test paper of a light blue colour is obtained,

which should bo kept in a wide-mouth glass-stoppered bottle, and sheltered from tho

air and light,

12. Since the principle on which alkalimetry is based consists in determining tho

amount of acid which a known weight of alkali can saturate or neutralise, it is clear

that any acid having this power can be employed,

13. Tho test acid, however, generally preferred for the purpose, is sulphuric acid,

because the normal solution of that acid is more easily prepared, is less liable to

change its strength by keeping, and has a stronger reaction on litmus-paper than any

other acid. It is true that other acids—tartaric acid, for example—can be procured of

greater purity, and that as it is dry and not caustic, the quantities required can be

more comfortably and accurately weighed off; and on this account some chemisti",

after Buchner, recommended its use, but tho facility with which its aqueous solution bo-

comes mouldy is so serious a drawback, that it is hardly ever resorted to for that object.

14. When sulphuric acid is employed, tho;pMrc acid in the maximum state of con-

centration, or, as it is called by chemists, the pure hydrate of sulphuric acid, specific

gravity r8485, is proforable. Such an acid, however, is never met with in commerce,

for tho ordinary English oil of vitriol is seldom pure, and never to the maximum state

of concentration ; tho operator, however, may prepare it by distilling ordinary oil of

vitriol, but as tie specific heat of the vapour of sulphuric acid is very small, tho
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distillation is a some^liat hazardous operation, unless peculiar precaution l^o taken.

S foSig apparatus, however, allows of the acid being chstilledm a perfectly safe

nnd conSt manner ; it consists of a plain glass retort charged with oil of vitriol

.

rHtrprotosu^^^^ of iron is added, for the purpose of destroying any nitrous pro-

LetswS the acid may evolve, and it is then placed into a cylinder of "on tho

bottom of which is perforated .nth holes about three-quarters of an inch in diaineter

SfepTin tie Iddle, where a large hole is cut of a suitable size for the retort to rest

^on - the sides of the cylinder are likewise perforated, as represented m fig. 29.

Sd charcoal is then placed all round the retort, the bottom of which F°tru^?f

o^Tof the influence of the heat, allows the ebullition to proceed from the "des on y.

K is well to put into the retort a few fragments of quartz or a few lengths of platinum

Tvire, the effect of which is to render the ebullition more regular.

15 In order to prevent the acid fumes from condensing m the neck of the retort, it

shouid be covered with a cover of sheet iron, as represented my?^- 29.

16 The first fourth part which distils over should be rejected, because it is too

weak ; the next two-fourths are kept, and the operation is then stopped leaving the

last fourth part of the acid in the retort. The neck of the retort should be about four

feet long and about one and a half inches in the bore, and be connected with a large

receiver • and as the necks of retorts are generally much too short for the purpose, an

adapter tube should be adjusted to it and to the receiver, but very loosely ;
this precau-

tion is absolutely necessary, for otherwise the hot acid falling on the Bides ot tne

receiver would crack it
;
things, in fact, should be so arranged that the hot drops ot

the distiUing acid may fall into the acid which has already distilled over. Do not

surround the receiver with cold water, for the hot acid dropping on the refrigerated

surface would also certainly crack it. The acid so obtained is pure oil of vitriol, or

monohydrated sulphuric acid, SOS HO, and it should be kept in a well-stoppered and

dry flask. ,

17. Eor commercial assays, however, and, indeed, for every purpose, the ordinary

concentrated sulphuric acid answers very well : when used for the determination of

the value of potashes, it is made of such a strength that each division (or 10 water-

grains' measure) of the alkalimeter saturates exactly one grain of pure potash ;
an

acid of that particular strength is prepared as follows :—
, i j-

18. Take 11276 grains of pure neutral and anhydrous carbonate of soda, and dis-

solve" them in about 6 fluid ounces of hot water.' This quantity, namely, 11276

grains, of neutral carbonate of soda will exactly saturate the same quantity of pure

sulphuric acid (SO') that 100 grains of pure potash would. It is advisable, however,

to prepare at once a larger quantity of test solution of carbonate of soda, which is of

course easily done, as will be shown presently.

19. Mix, now, 1 part, by measure, of concentrated sulphuric acid with 10 parts of

water, or rather—as it is advisable, where aUcalimetrical assays have frequently to be

made, to keep a stock of test acid—mix 1,000 water-grains' measure of concentrated

sulphuric acid with 10,000 grains of water, or any other larger proportions of concen-

trated sulphuric acid and water, in the above respective proportions ; stir the whole

well, and allow it to cool. The mixture of the acid with the water should be made

by first putting a certain quantity of the water into a glass beaker or matrass of a

suitable size, then pouring the concentrated acid slowly therein, while a gyratory

motion is imparted to the liquid. The vessel containing the acid is then rinsed with

the water, and both the rinsing and the rest of the water are then added to the whole

mass. When quite cold, fill the graduated alkalimeter with a portion of it up to the

point marked 0°, taldng the under line of the liquid as the true level ; and whilst

stirring briskly with a glass rod the aqueous solution of the 112*76 grains of neutral

carbonate of soda above alluded to, drop the test acid from the alkalimeter into the

vortex produced by stirring, until, by testing the alkaline solution with a strip of

reddened litmus-paper after every addition of acid, it is found that it no longer shows

an alkaline reaction (which is known by the slip of reddened litmus-paper not being

rendered blue), but, on the contrary, indicates that a very slight excess of acid is

present (which is known by testing with a slip of blue litmus-paper, which wiU then

turn slightly red).

20. If, after having exhausted the whole of the 100 divisions (1,000 water-grains'

measure) of the diluted acid in tl>e alkalimeter, the neutralisation is found to be
exactly attained, it is a proof that the test acid is right.

21. But suppose, on the contrary (and this is a much more probable case)—suppose
that only 80 divisions of the acid in the alkalimeter have been required to neutraliso
the alkaline solution, it is then a proof that the test acid is too strong, and accord-

• Anhydrous, or dry, neutral carbonate of soda may be obtahied by keeping a certain quantity of
pure bicarbonate of soda for a short time at a dull red heat, in a platinum crucible : the bicarbonate
is couTcrtcd into its neutral carbonate, of course free from water.
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'"^'^ ^ ^^""8 to tho standard strength • andX moasSos of Zad^^^^^ ''.^ ^'^^'"e ^0 measures of tt^r tJ

npirl i.f^
nioasuros ot the acid. This is best accomplished by pourinc tho whole of tlm

or ImSwr^' ^^'r '^^^''
^'"^^'^ ^"^^ '^''^^ V^'l ""til it reaXfthe mark

-l-f 1
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23 The alkalimetrical assai/ of soda is also mado with sulphuric acid, in preference

l«tt Lfn?' ^ so_ adjusted that 100 alkalimetrical diVisiL S^^water-grains measure) of acid will exactly neutraUse 170-98 of pure anhviouscarbonate of soda that quantity containing ioo grains of pure soda.
^

obtete^'lfi'nl-c^Sfrf
°' anhydrous neutral carbonate of soda,obtained as indicated before, in five or six ounces of hot water, and prepare in the

tmLd3l?^r.V?^ 1 part, by measure of ordinary concen!

Sore 5?. t^l^^^ , Ti,*^ "^T? ^ P^l*' «^ ^^ter, exactly as described

tbfn^;,f! ? nno .
' thoroughly, let the mixture stand until it has became quite cold.

!nTJ^^ \' - .
measure of the dilute acid so prepared into an alkali-meter-that IS to say fill that instrument up to 0°. taking the under line as the true

level and then, whilst stirring briskly the aqueous solution of the 171 grains of car-
bonate of soda with a glass rod, pour the acid, with increased precaution as the satu-
rating point IS approaching, into the vortex produced, until by testing the liquor
alternately with reddened and with blue litmus-paper, or with grey litiSis-paper, as
before mentioned, the exactly neutralised point is hit.

^
25. If the whole of the 100 alkaHmetrical divisions (1,000 water-grains' measure)

have been required to eflfect the neutralisation, it is a proof that the acid is of the
right strength, but if this be not the case, it must be adjusted as described before—
that IS to say :

—

26.
_

Suppose, for example, that only 75 alkalimetrical divisions or measures of tho
acid in the allcalimeter have been required to neutralise tho 171 grains of neutral
carbonate of soda operated upon, then 75 measiu-es of the acid should be poured at
once into a glass_ cylinder accurately divided into 100 parts ; the remaining 25

divisions should then be filled with water, and the whole being now
stirred up, 100 parts of tho liquor will of course contain as much
real acid as 75 parts contained before, and accordingly the acid may
now be used as a test acid for the alkalimetrical assay of soda, each
degree or division of the alkalimeter representing one grain of pure
soda.

27.
^
The stock of test acid should be kept in well-stoppered flasks,

that it may not vary in strength by evaporation, and be labelled
' Test Sulphuric Acid for Soda.'

28. Instead, however, of keeping two lands of ' test sulphuric
acid,' of different saturating powers as described, the one fov potash,
the other for soda, one kind only may bo prepared so as to servo
for both alkalis, by constructing, as is very often done, an alka-
limeter adjusted so as to indicate the quantities of the acid of a
given strength required for tho saturation or neutralisation of both
potash or soda, or of their respective carbonates ; and this, in fact,

is the alkalimeter most in use in tho factory.

It should bo in shape similar to that of Gay-Lussac's (see Jiff. 22),

or that described in Jigs. 23 and 24: ; but, like that represented by

fff. 21, it generally consists of a tube closed at one end, about three-

fourths of an inch internal diameter and about 9i inches in length

;

it is graduated into 100 equal parts, and every division is numbered
from above downwards {see Jiff. 30).

Tho following directions for their construction are given by Pro-

fessor Faraday. ' Let the tube represented in the margin havo_ 1000

grains of water weighed into it ; then let the space it occupies be

graduated into 100 equal parts, and every ten divisions numbered

from above downwards. At 22-1 parts, or 77'99 parts from the

bottom, make an extra line, a little on one side or oven on tho opposite

fiido of the 'graduation, and writo at it with a scratching diamond, soda ; lower down

30
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ftt 48-63 parts, make another line, and write ^JotosA ; still lower, at 64-43 parts a third

ite niar& carb. ,oda, and at 65 parts a fourth marked ca.i. poiask It will be ob-

served uSb portions are measured off beneath these marks in he inverse order of the

SvaCt number of these substances, and consequently directly proportionate to the

St ies of any particular acid which will neutralise equal weights of the alkabs

Sd their 4rbonates. As these points are of great importonce it will te proper to

verifv them by weighing into the tubes first 350, then 513-8, and lastly 779-9 grains

7waC which will correspond with the marks if they are correc ,
or the graduation

irte aid down from the%urface of the four portions of flxud when weighed in,

Sout reference to where they fall upon the general scale. The tube is now com-

SeS except that it should be observed whether the aperture can be perfectly and

ScSyS/ered by the tliumb of the left hand, and if not. or if there be reason to

SiS it not ultimately secure, then it should be heated and contracted until suffi-

^T^^test acid for this alkalimeter should have a specific gravity of 1-1268
;
and

such* an acid maybe prepared by mixing one part, by weight, of sulphuric acid,

specific gravity 1-82, with four parts of water, and allowing the mixture to cool. In

the mealtime. 100 grains of pure anhydrous carbonate of soda, obtained as indicated

before, should be dissolved in water, and the test sulphuric acid, of specific gravity

1-1268. prepared as above said, having become quite cold, is poured into the alkali-

meter up to the point marked carbonate of soda ; the remaimng divisions are filled up

with water, and the whole should be weU mixed by shaking.^

30 If the whole of the sulphuric acid, adjusted as was said, being poured carelully

into the solution of the 100 grains of the neutral carbonate of soda, neutralise them

exactly—which is ascertained, as usual, by testing the solution with Utmus-paper,

which should not be either reddened or rendered bluer by it—it is of course a sign

that the test is as it should be—that is to say, is of the proper strength ;
m the con-

trary case it must be finaUy adjusted in the manner already indicated, and which

need not be repeated. See §§ 20, 21.
• , •

31. The best and most convenient process for the analyst, however, consists m
preparing a test acid of such a strength that it may serve not only for all alkalis, but

indeed for every base ; that is to say, by adjusting the test acid so that 100 alkalime-

trical divisions of it (1,000 water-grains' measure) may exactly saturate or neutra-.^

lise one equivalent of every base. This method, which was first proposed by Dr.

Ure, is exceedingly convenient, and the possession of two reciprocal test liquids,

namely, the ammonia test liquor of a standard strength, of which we gave a descrip-

tion in the article on Acidimetiy, and the standard test acid of which we are now

speaking, affords, as Dr. Ure observes, ready and rigid means of verification. Eor

microscopic analysis of alkaline and of acid matter, a graduated tube of a small bore,

mounted in a frame, with a valve apparatus at top, so as to let fall drops of any size

and at any interval, is desirable ; and such an instrument Dr. Ure employed for many

years ; but instead of a tube with a valve apparatus at top. the operator may use a

graduated tube of a small bore, terminated by a small length of vulcanised india-rubber

tube pinched in a clamp, which may be relaxed in such a way as to permit also the

escape of drops of any size at any inter\'al of time, the little apparatus being under

perfect command,
32. The test sulphuric acid, of such a strength that 100 alkalimetrical divisions of it

can saturate one equivalent of every base, should have a specific gravity of 1-032,

and is prepared as follows :

—

Take 53 grains (one equivalent) of pure anhydrous neutral carbonate of soda,

obtained in the manner indicated before (see § 18), and dissolve them in about one

fluid ounce of water. Prepare in the meantime the test sulphuric acid by mixing one

part, by measure, of concentrated sulphuric acid with a,bout 11 or 12 parts of water,

and stir the whole well. The mixture having become quite cold, fill the alkalimeter

with the cold diluted acid up to the point marked 0°, taking the under line of the

liquid as the true level, and whilst stirring briskly the aqueous solution of the 53

grains of carbonate of soda above alluded to, pour the acid carefully from the

alLalimeter into the vortex produced by stirring, until, by testing the liquor alternately

•with reddened and -with blue litmus-paper, or, more conveniently still, -with igrey

litmus-paper, the neutralising point is exactly hit.

33. If the whole of the 100 divisions of the alkalimeter had been required to neu-

tralise exactly the 63 grains of pure anhydrous carbonate of soda, it would be a proof

that the acid is of the right strength ; but if this is not the case, it must be adjusted

in the manner described before, that is to say :

—

34. Lot us suppose, for example, that only 50 measures in the alkalimeter have
boon required to saturate or neutralise the 53 grains of carbonate of soda, then 50
measures should be poured at once into a glass cylinder accurately divided into 100
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parte, the romaiuing 50 divisiona rIiouUI })o filled up mtlx water, and the whole beiiiRwon Btirrocl, 100 parts of the acid liquor will now contain as much real acid as wa«
conUiinod boforo in the 50 parts.

35. Tho acid may now bo labelled simply, ' Test or Nortnal Sulphuric Aoid.' Eiich
one huncb-od alkalimotrical divisions, or 1,000 water-grains' measure of it, contain one
equivalent, or 40 grains of real sulphuric acid

;
and, consequently, each 100 alkali-

motrical divisions of it will neutralise one equivalent, or 31 grains of soda, 47 of pot-
ash, 17 of ammonia, 28 of lime, and so forth, with respect to any other base.

36. Tho stock of tost or normal sulphuric acid should, as usual, be kept in woll-
Btopporod bottles, in order to prevent concentration by evaporation. By keeping in
the flask containing it a glass bead, exactly adjusted to the specific gravity of 1-032,
tho operator may always ascertain, at a glance, whether tho acid requires readjusting.

37. With a Schuster's alkalimeter, it is convenient to prepare tho tost acid of such
a strength that, according as it has been adjusted for potash or for soda, 10 grains of
it -will exactly saturate one grain of ono or tho other of these bases in a pure state.
It is considered that the alkalimeter may bo charged with a known weight of any
of the other sulphuric test acids of a known strength. Suppose, for example, that tho
test sulphuric acid taken have a specific gravity of 1-032, wo know, as we have just
shown, that 1-032 grains weight of that acid contains exactly one equivalent of pure
sulphuric acid =40, and is capable, therefore, of neutralising one equivalent of any
basa ;

and, consequently, by taking a certain weight of this acid before beginning
the assay, and weighing what is left of it after the assay, it is very easy to calculate,
from tho quantity of acid consumed in the experiment, what quantity of base has been
neutralised. Thus a loss of 21-96, 60-70, 33-29 grains' weight of this test acid
represents ono grain of potash, of ammonia, of soda respectively, and so on with the
other bases.

38. The operator being thus provided with an appropriate test acid, we shall now
describe how he should proceed with each of them in making an alkalimetrical assay
with potash.

In order to obtain a reliable result, a fair average sample must be operated upon.
To secure this the sample should be taken from various parts of the mass and at once
put in a wide-mouth bottle, and well corked up until wanted ; when the assay has to

be made, the contents of the bottle must be reduced to powder, so as to obtain a fair

mixture of the whole ; of this weigh out 1,000 grains exactly—or less, if that quantity

cannot be spared—and dissolve them in a porcelain capsule, in about 8 fluid

ounces of distilled hot water, or in that proportion ; and if there be left anything like

an insoluble residue, filter, in order to separate it, and wash it on the filter with small

quantities of distilled water, and pour the whole solution, with the washings and
rinsings, into a measure divided into 10,000 water-grains' measure. If the water used

for washing tJie insoluble residue pn the filter has increased the bulk of the solution

beyond 10,000 water-grains' measure, it must be reduced by evaporation to that

quantity ; if, on the contrary, tho solution poured in the measure stands below the

mark 10,000 water-grains' measure, then as much water must be
added thereto as will bring the whole mass exactly to that

point. In order to do this correctly, the cylindrical measure
should stand well on a table, and the under or lower

line formed by the liquid, as it reaches the scratch

10,000, is taken as the true level.

39. This being done, 1,000 grains' measure of the

filtrate, that is to say, one-tenth part of the whole

solution, is transferred to a glass beaker, in which

the saturation or neutralisation is to be eflfected,

which is best done by means of a pipette capable

of containing exactly tlaat quantity when filled up to

the scratch, a. In order to fill such a pipette it is

sufficient to dip it into the alkaline solution and to

suck up the liquor a little above the scratch, a;

the upper orifice should then be stopped with the

first finger, and by momentarily lifting it up, the

liquor is allowed slowly to fall from the pipette

back again into tho 10,000 grains' measure until its

level roaches exactly the scratch, a. The last drop

which remains hanging from the point of the pipette

may be readily detached by touching tho sides of the glass measure with it. The 1,000

grains being thus rigorously measured in tho pipette should then be transferred to tho

glass beaker, in which the neutralisation is to take place, by removing the finger

altogether, blowing into it to detach the last drop, and rinsing it with a littlo water.

31

32
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v^., -
nf flio alkaline solution, ana emptyiug lu mtu tuo yxooo

^ab S white potilaio, in order tiat the ehange ot colour ptodueed by the gradual

•«?.L'rd'e?,fiSJpeSriTcld upon using the
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Should be iTriskly stirred, in order to insure the rapid ^°4thor«^^g^™f,l,t^^

JiQuors and therefore their complete reaction ; moreover m order at once to detect any

iwo' of colour from blue to red, the glass beaker should be kept over the white

sheet of paper or the white porcelain slab, as before stated.
n„j

43 M first no effervescence is produced, because the carbonic acid expelled n-

Btead of escaping, combines with the portion of the alkaline carbonate as yet unde-

Sosed wh ch it converts into bicarbonate of potash, and accordingly sensible

tee of colour is perceived ; but as soon as a little more than half the quantity of

SSash present is saturated, the liquor begins to effervesce, and the blue colour of

the solutL is changed into one of a vinous, that is, of a pm^le or bluish-red hue,S is due to the fction of the carbonic acid upon the blue colour of the litmus.

More acid should be still added, but from this moment with very great care and witli

increased caution, gradually as the point of neutralisation is approached, which is

ascertained by d^a^ng the glass rod used for stirring the liquor across a slip of

blue litmus-paper. If the paper remains blue, or if a red or reddish streak is thereby

produced which disappears on drying the paper and leaves the latter blue, it is a

proof that the neutraHsation is not.yet complete, and that the reddish streak was due

only to the action of the carbonic acid ; more acid must accordingly be poujed from

the alkalimeter, but one drop only at a time, stirring after each addition, until at last

the liquor assumes a distinct red or pink colour, which happens as soon as it contains

an extremely sUght excess of acid ; the streaks made now upon the litmus-paper will

remain permanently red, even after drying, and this indicates that the reaction is

complete and that the assay is finished.
^

44 If the potash under examination were perfectly caustic, the solution would

suddenly change from blue to pijik, because there would be no evolution of carbonic

acid at all, and consequently no vinous or purple colour produced ;
if, on the other

hand, the potash was altogether in the state of bicarbonate, the first drops of test

acid would at once decompose part of it and liberate carbonic acid, and impart a

vinous colour to the solution at the very outset, which vinous colour would persist as

long as any portion of the bicarbonate would remain undecomposed.

46. The neutralising point being attained, the operator allows the sides of the alka-

limeter to drain, and he then reads off the number of divisions which have been

employed. If, for example, 60 divisions have been used, then the potash examined

contained 60 per cent, of real potash. See observ., § 48-49.

46. Yet it is advisable to repeat the assay a second time, and to look upon this

first determination only as an approximation which enables the operator, now that he

knows about where the point of neutralisation lies, to arrive, if need bo, by increased

caution as he reaches that point, at a much greater degree of precision. He should

accordingly take again an alkalimeter full (1,000 water-grains' measure)—that is to

say, another tenth part of the liquor left in the 10,000 grains' measure—and add

thereto at once 48 or 49 alkalimetrical divisions of the test acid, and after having

thoroughly agitated the mixture, proceed to pour the acid carefully, two drops only

at a time, stirring after such addition, and touching a strip of litmus-paper Avith the

end of the glass rod used for stirring ; and so he should go on adding two drops,

stirring, and making a streak on the litmus-paper until the liquor assumes suddenly

a pink or onion-red colour, and the streak made on the litmus-paper is red also. The
alkalimeter is then allowed to drain as before, and the operator reads off the number
of divisions employed, from which number 2 drops (or f^ths of a division) should bo

deducted ;
Qay-Lussac having shown that, in alkalimetrical assays, the sulphates of

alkalis produced retard the manifestation of the rod colour in that proportion. One
alkalimetrical division generally consists of 10 drops, but as this is not always tha
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caso, the operator should dotormino for himself liow many drops are necessary to makoup Olio clmsion, and take account of thorn in the assay according to the i-atio thus
lounci. In the example given before, and supposing 10 drops to form one alkalimo-
cncai aiviaion, then tiie por-contago value of the sample of potash under oxaminatioa
would probably bo as follows :—

Number of divisions of acid employed . . CO-O— 2 drops acid in excess 0-2

Real per-centago of potash . . .49-8

47. When the allcalimoter described in fig. 23 ia employed, the test acid may, 'at
the beginning of the experiment, be poured from the larger opening, e ; but towards
the end—that is, when the neutralising point is approaching—the acid should bo
CiU-ofuUy poured from the point, d, in single drops, or only two drops at a time, until
the saturating point is hit, as wo have just said. If tho operator wishes to pour only
one cbop, he should close the larger opening, e, of the bulb with the thumb, and then
fill tho bulb with the test acid by inclining the alkalimeter

;
putting now the alkalimeter

in an upright position, and removing the thumb, a certain quantity of acid will be
retained in the capillary point, d ; and if the thumb be now pressed somewhat
forcibly against tho opening, e, the acid contained in the capillary point will be
forced out and form one drop, which will then fall into the alkaline solution if it be
hold over it. If the saturation be complete, the operator, without removing the bulb
stopper, may, by applying his lips to the large opening, e, suck tho acid engaged in
tho capillary point back into the alkalimeter.

48. If there should be in the mind of the operator any doubt as to what is meant
by the onion-red colour which the liquor tinged blue with tincture of litmus acquires
when slightly supersaturated, he may pour into a glass beaker a quantity of pure water
equal to, or even larger than, the alkaline solution operated upon, and tinge it blue
with a little tincture of litmus, to about the same degree of intensity as the alkaline
liquor under examination. If he now pour into the pure water coloured blue with
litmus, one single drop of the test acid, it will acquire at once, by stirring, the onion-
rod colour alluded to, and which he may now use as a standard of comparison.

49. Considering the rapidity with which these alkalimetrical operations can be
performed, the operator, unless he have acquired sufficient practice, or unless a great
degree of accuracy be not required, should repeat the assay two or three times, look-

ing upon the first determination only as an approximation, and as a sort of guide as

to the quantity of acid which will be required in the subsequent experiments, whereby
he will now be enabled to proceed with increased caution as he approaches the point

of saturation
; but, at any rate, if he will not take the little extra trouble of a repeti-

tion, he should, before he begins to pour the acid, take a little of the filtered alkaline

solution out of the glass beaker, as a corfs de reserve, which he adds to the rest after

the saturating point has been approximated, and from that moment he may proceed,

but with great care, to complete the neutralisation of the whole.

50. Do not forget that as the test sulphuric acid must always be added in slight

excess to obtain a distinct red streak on the litmus-paper, a correction is absolutely

necessary ; that is to say, the excess of sulphuric acid employed must be deducted if

a strictly accurate result is sought.

61. If, instead of the special alkalimeter for potash above described, tho operator

prefers using that prepared of such a strength that 100 divisions of tho alkalimeter

(1,000 water-grains' measure) contain exactly one equivalent of each alkali or base,

which tost sulphuric acid, as we have seen, has a specific gravity of 1-032 {sec

§§ 31-36), he should proceed exactly as indicated in § 38 and following; and the

alkalimeter being filled with that test acid, of specific gravity 1-032, up to 0°, it (the

acid) should be poured carefully into the aqueous solution of the alkali tinged 'blue

with litmus, until exact neutralisation is attained, precisely in the same manner as in

§ 38 and following.

62. The neutralising point being hit, let us suppose that the whole of the contents

of tho alkalimeter have been employed, that the aqueous solution tinged blue with

litmus is not yet saturated, and that, after having refilled the alkalimeter, the

4 divisions more (altogether 104 divisions) have been required to neutralise the alkali

in the aqueous solution ; then, since 100 divisions (1,000 water-gr.iins' measure) of tho

test acid now employed saturate exactly one equivalent, that is, 47 of potash, the

question is now, Wliat quantity of potash will have been saturated by the_104 divi-

sions of acid cmi)loyed ? The answer is found, by a simple rule of proportion, tc b,

nearly 49.

100 : 47 "104 : a; =-48-88.
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The sample of potash examined coutainod, therefore, nearly 49 per cent, of pure

^S^if instead of the special test sulphuric acid for potash (§ 17). or of the test sul-

^hu^c acS for potsh, soda, and other bases (§ 28) the operator uses the potash and

BodTalkalimete? (§§ 31-36), the method to be followed is exactly similar to that

desa-ibed in § 42 aS follo^dng. Some of the test sulphuric acid, of specific gravity

rS is to bo poured into the alkalimeter until it reaches the point marked

(that1; to say, 48-62 divisions of the alkalimeter). talang the under line of the liqiud

Is the true level, and the remaining divisions up to 0° are carefully filled^th water

The operator then closes the apert^e of the alkalimeter with the thumb of his left

hand, and the whole is violently shaken so as to obtain a perfect m^^re

64 The acid so mixed must now be carefuUy poured from the alkalimeter into the

alkaline solution of the potash under examination untal neutralisation is. attained,

precisely as described in § 42 and foUowing.
^ ^.t, „iVoKT««t«^

65 The neutraUsing point being hit, the operator aUows the sides of the alkalimeter

to drain, and he then reads off the number of divisions employed in the experiment,

which number indicates the per-centage of real potash contained in the sample.

Had the operator wished to estimate the quantity of potash as carbonate oi potash,

he should have poured the test acid into the alkaUmeter up to the point marked car-

bonate of potash; filled the remaining divisions of the alkaUmeter up to 0° with water,

and proceeding exactly as just mentioned, the number of divisions of acid employed

would indicate the per-centage of potash contained in the sample as carbonate of potash.

66 The most accurate and expeditious method of determining the value of a sample

of an alkali is by means of a standard acid and a solution of a caustic alkali of cor-

responding strength contained in two burettes (/iff. 26). The solution of soda a,sh,_lor

instance, having been prepared as directed in § 38-40, is tinted with litmus solution,

and a quantity of the standard acid more than sufficient to saturate the whole of the

alkali is run into it, and the mixture boiled till the carbonic acid is entirely expelled

from it and the clear red of the litmus solution is seen. The number of divisions of

acid added is then noted and the neutral tint restored by the careful addition of the

solution of caustic alkali. From the absence of carbonic acid the reaction is very

sharp and decided, and even if the neutral point be overshot, the addition of a few

drops of acid followed by the more cautious use of the alkaline solution will enable a

correct result to be obtained. If the two standard solutions are of exactly equal

strength, it is only necessary to subtract the number of divisions of the alkaline solu-

tion used, from that of the acid one, to give at once the number of those of the latter

required for the neutralisation of the substance tested, and hence by a simple calcu-

lation the per-centage of real alkali.

67. If a Schuster's alkalimeter {fig. 25) be used, and supposing, for example, that

the acid to be employed therewith is so adjusted that 10 grains weight of it neutralise

exactly 1 grain in weight of potash, proceed as follows :—Take 100 grains in weight

of a fair average of the sample, previously reduced to powder, dissolve them in water,

filter with the precautions which have already been described before (§ 38 and follow-

ing), and pour this solution into a glass cylinder graduated into 100 parts, and capable

of containing 10,000 water-grains ; fill it up with water exactly as described before ;

of this take now 100 alkalimetrical divisions, that is to say, ^th of the whole solution,

and pour it in a glass beaker. On the other hand, cliarge the Schuster's alkalimeter

with a certain quantity of the test acid, and weigh it, along with the alkalimeter itself, in

a good balance. This done, proceed with the neutralisation of the solution in the glass

beaker, by pouring the acid from the alkalimeter in the usual way, and with the usual pre-

cautions, until the saturation is completed. Keplace the alkalimeter, with the quantity

of unconsumed acid, in the scale of the balance, weigh accurately, and since every grain

of acid represents ^th of a grain of potash, the number of grains of acid used in the

experiment indicates at once the per-centage of real potash present in the sample.

68. When, however, potash is mixed with soda, as is frequently the case with the

potash of commerce, either accidentally or for fraudulent purposes, the determination

of the amount of the cheaper alkali could not, until a comparatively recent period, be

estimated, except by the expensive and tedious process of a regular chemical analysis.

In 1844, however, M. Edmund Pesier, professor of Chemistry at Valenciennes, pub-

lished an easy and commercial method for the estimation of the quantity of soda which
potash may contain, by means of an areometer of a peculiar construction, to which the

name of ' Natrometor ' has boon given by the talented professor.

59. The rationale of the method is grounded upon the increase of specific gravity

which sulphate of soda produces in a solution saturated with pure sulphate of potash,

and is deduced from the fact that a solution saturated with neutral sulphate of potash
possesses a uniform and constant density when the saturation is made at the same
temperature, and that the density of such a solution increases progreesively in proper-

Vol. I. G
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tion to tho quantity of sulphate of soda present; an increase of density bo much thomore readily observable, that tho solubility of tho sulphate of potash is greatly
augmented by tho prosouco of sulphate of soda. It had at first been thought tliat, in
order to obtain anything like accuracy, it would bo necessary to combine all tho
potash ^^nth. one same acid, preferably sul])huric acid

;
and, consequently, that as the

pobisli of commorco always coiitiiins a little, and sometimes a rather considerable
quantity, of chloride of pot^issium, tho latter salt should iirst be decomposed. Further
oxperimonts, however, established the fact that in dissolving chloride of potassium in a
saturated solution of sulphate of potash, tho specific gi-avity of tlio liquor is not
materially increased, since tho introduction of as much as 60 per cent, of chloride of
potiissium does not increase tliat density more than 3 per cent, of soda would do when
examined by tho natrometor—a degree of accuracy quito sufficient for commercial
purposes. Wlien soda is added to a saturated solution of sulphate of potash, tho
further addition of chloride of potassium thereto renders the specific gi-avity of tho
liquor less than it would have been without that addition—an apparent anomaly duo
to the fact that chlorine, in presence of sulphuric acid, of potash, and of soda, combines
with the latter base to form chloride of sodium ; and it is this salt which increases the
solubility of sulphate of potash, though in a somewhat less degree than sulphate of
soda. Thus, if to a saturated solution of sulphate of potash O'l-l of soda be added
along with 0'20 of chloride of potassium, the natrometor indicates only 0-125 of soda.
Seeing, therefore, that in such an exceptional case the error does not amount to more
than 0'015 of eiror, it will probably be found unnecessary in most cases to decompose
the chloride contained in the potashes of commerce, that quantity being too small
to materially affect the result. Yet, as the accurate determination of soda, in potash
was a great desideratum, ]VI. Pesier contrived two processes, one of which, in the
hands ofthe practised chemist, is as perfect as, but muchmoro rapid than, those ordinarily
resorted to ; the other, which is a simplification of the first, yields results of sufficient

accuracy for all commercial purposes.

60. First process.—Take 500 grains of a fair average sample of tho potash to be
examined, dissolve them in as little water as possible, filter, and wash tho filter until

the washings are no longer alkaline. This filtering, however, may be dispensed -wnth

when the potash is of good quality and leaves but a small residue, or when an extreme
degree of accuracy is not required.

61. The potash being thus dissolved, a slight excess of sulphuric acid is added
thereto ; the excess is necessary to decompose the chlorides and expel the muriatic

acid. The liquor so treated is then evaporated in a porcelain capsule, about six inches

in diameter ; and when it begins' to thicken, it should be stirred with a glass rod, in

order to avoid projections. Wlien dry, the fire must be urged until the residue fuses,

and it is then kept in a stato of tranquil fusion for a few minutes. The capsule should

then be placed upon, and surrounded with, hot sand, and allowed to cool down slowly,

to prevent its cracking, which would happen without this precaution.

62. The fused mass in tho capsule having become quite cold should now be

treated with as little hot water as possible, that is to say, with less than 3,000 grains

of hot water ; and this is best done by treating it with successive portions of fresh

water. All the liquors thus successively obtained should then be poured into a

flask capable of holding about 10,000 grains of water, and the excess of sulphuric

acid must be accurately neutralued by a concentrated solution of pure carbonate

of potash—that is to say, until tho colour of litmus-paper is no longer affected

by the liquor, just as in ordinary alkalimeti-ical or acidimetrical ass.ays. During this

operation, a pretty considerable precipitate of sulphate of potash is, of course, produced.

63. The neutralising point being exactly hit, a saturated solution of sulphate of

potash is prepared, and brought to the atmospheric temperature ; a condition which

is expedited by plunging the vessel which contains the solution into a basin fuU of

cold water, and stirring it until the thermometer plunged in the liquor indicates that

the temperature of the latter is about the same as, and preferably less than, that of

tho air, because in the latter case it may be quite correctly adjusted by grasping the

vessel with a warm hand. In order, however, to secure exactly the proper tempera-

ture, the whole sliould bo left at rest for a few minutes after having withdrawn the

vessel from the basin of cold water used for refrigerating it, taking care simply to

stir it from time to time, and to ascertain that the thermometer remains at the same

dogroo of temperature. This done, the liquor is filtered into a glass cylinder, c, on

which a scratch, H—i, has been made, corresponding to 3,000 water-grains' measure.

If the directions given have been exactly followed, it will be found that the filtrate is

not sufficient to fill it up to that mark; tho necessary volume, however,^ should be

completed by washing the deposit of sulphate of potash in the filter, b, with a satu-

rated solution of the same salt (sulphate of potash) prevmisly prepared. It is advis-

able to use a saturated solution of sulpliato of potash which has boon kept for some
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time and not one immediately prepared for the purpose, because sulphate of potash

in dissolving produces a certain amount of cold, which would create delay, since it

would be necessary to wait until the temperature of the mass had become the same as

that of the air. . . , i 1 1 i

64 The liquor occupying 3,000 water-grains' measure in the cylinder should be

next 'rendered homogeneous by stirring it well, after which the natrometer maybe

immersed in it. The natrometer is simply an areometer of a pecuhar construction,

provided with two scales : the one of a pink colour shows the degrees of temperature,

and indicates, for each degree of the Centigrade thermometer, the level at which a

solution saturated with pure sulphate of potash would stand ; on the other scale,

each de'^ree represents 1 per cent, of soda (oxide of sodium), as represented in fy. 34.

°
66. The 0° of the two scales coincide -^vith each other. If the experiment

take place at the temperature of 0°, the quantity of soda will be directly

determined by observing the number of degrees on the soda scale ; but if

the experiment be performed at 25°, for example, it will be seen tliat the

point at which the instrument would sink in a liquor saturated with puro

sulphate of potash corresponds to

^gth of soda, and, in this case, it

is from thispoint that the 0° of the

soda scale should be supposed to

begin, which is easily accomplished

by a simple subtraction, as will be

seen presently.

66. Experiment having shown
that the degrees of soda cannot bo

equidistant, but that, on the con-

trary, they become smaller and
smaller as the quantity of soda in-

creases, the number of degrees of

soda are obtained as follows ;

—

From the number of degrees of

temperature now indicated on the

ptnk scale of the natrometer, sub-

tract the number of degrees of

temperature indicated by an or-

dinary thermometer at starting

;

then look at the soda scale for the

number of soda degrees which cor-

respond to the number of degrees

of temperature left after subtrac-

tion, and each of the soda degrees,

beginning from the 0° of the na-

trometer, represents 1 per cent.

67. For example:—Suppose the

experiment to have been made at

starting, and as indicated by an
ordinary thermometer, at + 20°

Centigrade, and that the level of the solution is now found to stand at 59° on the

pink scale of temperature of the natrometer, then by deducting 20 (the original

temperature) from 59 (number of degrees indicated by the floating point on the pink
scale of temperatures of the natrometer), there remains, of course, 39. Draw the

instrument out, and looking now on the said pink scale for 39°, there will be found
exactly opposite, on the soda scale, the number 13, which number signtfies that the
potash under examination contains 13 per cent, of soda (oxide of sodium).

68. As the deposit of sulphate of potash separated by filtering might retain some
sulphate of soda, it is advisable, in order to avoid all chance of etror, to wash it with
a saturated solution of sulphate of potash, adding as much of it as is necessary to

bring the whole mass of the liquor up to the mark 3,000 water-grains' measure, in
which the natrometer being again immersed, the minute quantity of soda indicated
should be added to the per-ccntago found by the first operation.

69. If a great degree of accuracy is required, the fractions of degree of the instru-
ment must bo taken account of ; otherwise they may be neglected without the result
being materially affected, since 3 degrees of the scale of temperature correspond only
to about 1 per cent, of soda.

70. For commercial purposes, the process may be slightly varied, as follows :

Take 500 grains of a fair average sample of the potash to be examined, previously
reduced to powder, and throw thorn into a flask, a (Jia. 35), capable of containing

G 2
^
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about 6,000 grains of wator

; pour upon them about 2,000 grains of water, and bliako
until dissolved. Add now sulphuric acid thereto ; this will produce a smart efier-
voscence, and in all probability a deposit of suli)h.ito of potash. Wo say in all
probability, because it is clear that if the potash in question is largely adulterated
with soda, or was altogether nothing else tlian carbonate of soda, as has occasionally
happenod,^ it is evident that no deposit of sulphate of potash would take pkco ; and
yet, as it is necessary to the success of the operation that the liquor should contain an
excess of this latter salt, a certain quantity of it previously reduced to fine powder
must in that case bo purposely added to the solution.

71. After the disengagement of gas has ceased, it is necessary to pour the dilute acid
cautiously, and only drop by drop, until the neutralising point is correctly hit, which
•will bo known as usual by testing with litmus-paper. But if, by accident, too mucli
acid havo been used, which is known by the reddening of the litmus-paper, the slight
overdose may bo neutralised by adding a small quantity of weak solution of potash.

72. As this reaction produces heat, it is necessary to lower the liquor down to the
temperature of the atmosphere, decant in a filter placed over the glass cylinder, and
fill it up to the scratch 3,000, by washing the residue on the filter with a saturated
solution of sulphate of potash, exactly as described in § 63.

73. The glass cylinder being properly filled up to the scratch, remove the funnel,
close the orifice of the glass cylinder with the palm of tho hand, and shake the whole
violently; holding the natrometer, which should be perfectly clean, by its upper
extremity, slowly immerse it in the solution. If the potash under examination bo
pure, the pink scale will indicate the degree of temperature at which the experiment
lias been made, taking the under line as tho true level of the liquid ; but if, on the

contrary, it contains soda, the pink scale of temperatures will indicate a few degrees
more than the real temperature, and this surplus number of degrees, being compared
with those of the soda scale contiguous to it, on the opposite side, will express tho

per-centage of soda present in the sample.

74. For example :—Suppose the experiment to have been made at +12° Centi-

grade, and to have given a solution marking 25° on the pink scale of temperatures of

the natrometer, that is 13° more than the real temperature ;—looking, therefore, at

number 13 on the pink scale of temperature, it will be seen that the number exactly

opposite on the soda scale, and corresponding to it, is 4, which indicates that the

sample of potash examined contains 4 per cent, of soda.

It is important to bear in mind that all commercial potashes contain naturally a

small quantity of soda, which quantity, in certain varieties, may oven be considerable

;

it is only when the proportion of soda is more considerable than that which is

naturally contained in the species of potash submitted to analysis, that it should bo

considered as fraudulently added. The following Table, published by M. Pesier, shows

the average composition of the principal varieties of potash found in commerce, when
in an unadulterated state :— .ii
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•

75, The alkalimetrical assay of soda is performod exactly in tho same manner as

that of potash—that is to say: From a fair average sample of the soda to bo examined,

take 1,000 grains' weight (or less if that quantity cannot be spared), and boil it five

or six minutes in about eight fluid ounces of water, filter in order to separate the

insoluble portion, and wash the residue on the filter with boiling water until it no

longer drops from the filter with an alkaline reaction, and the bulk of the filtered

liquid and the washings received in a graduated glass cylinder form 10,000 grains'

measure. Should the water which may have been required to wash the residue have

increased the bulk of the solution beyond that quantity, it should be evaporated to

reduce it to the bulk mentioned.

76. This being done, 1,000 water-grains' measure—that is to say, ith part of the

aqueous solution of the soda ash above mentioned (§ 76)—are transferred to the

glass beaker or vessel in which the saturation is intended to take place : it is tinged

distinctly blue with tincture of litmus, and the operation is performed in the same

manner and with the same precautions as for potash, the glass beaker containing the

blue alkaline solution being placed upon a sheet of white paper, or a slab of white

porcelain, the better to observe the change of colour which takes place when the

saturating point is approaching.

77. Having put into a glass beaker the 1,000 grains' measure of the aqueous solu-

tion of soda ash to be examined (§ 75), and if the test sulphuric acid for soda,

described before (§§ 23-27), the alkalimeter, 22, 23, or 24, should be filled with

that test acid up to the point marked 0° (taking the under lino of the liquid as the

true level), and poured therefrom with the precaution already indicated, stirring

briskly, at the same time, the liquid in the beaker. As is the case with the alkali-

metrical assay of potash, the carbonic acid expelled by the test acid reacting upon the

as yet imdecomposed portion of the soda ash, converts it into bicarbonate of soda, so

that at first no effervescence is produced ; but as soon as half the quantity of the soda

in the solution is saturated, a brisk effervescence takes place. At first, therefore, the

operator may pour at once, without fear, a pretty large quantity of the test acid into

the alkaline solution, but as soon as this effervescence makes its appearance he should

proceed with increased precaution gradually as the saturating point is approached.

The modus operandi ie, in fact, precisely as already detailed for the assay of potash,

precisely the same kind and amount of care is requisite, and the assay is known to be
terminated when the streaks made upon the litmus-paper with the stirring rod
remain distinctly and permanently of a pink colour.

78. After saturation, and after having allowed the sides of the alkalimeter to drain,

the number of divisions at which the test acid stands in the alkalimeter indicate at
once the per-centage of the soda assayed, since, as we said, each division of this par-
ticular test acid represents one grain of p\ire soda. If, therefore, the test acid stands
at 62 in the alkalimeter, then the soda assayed contained 62 per cent, of real soda.
See, besides, the observations of § 48 and following, and also § 81,

79. If, instead of the special test acid for soda just alluded to, the operator em-
ploys that which has a specific gravity of 1-032, and 100 alkalimetrical divisions of
which saiturate one equivalent of each base, the modus operandi is the same—that is to
say, the alkalimeter is filled with it up to 0°, and it is poured therefrom carefully into
the alkaline solution ; but as the equivalent of soda is 31, and 100 alkalimetrical
divisions of the test sulplnmc acid now employed are capable of saturating only that
quantity of soda, it is clear that with the soda ash taken as an example in the pre-
ceding case, and containing 62 per cent, of real soda, the operator will have to refill his
alkalimeter with the same test acid, and that a certain number of divisions of this
second filling will have to be employed to perfect the saturation. In this instance
the operator will find that nearly 68 divisions more, altogether 168 divisions (cor-
rectly, 167°74) have been required to effect the saturation.

80. If, instead of the special test sulphuric acid for soda (§§ 23-27), or the test
sulphuric acid for potash, soda, and other bases (§§ 31-34), the operator uses the
potash and soda alkalimeter (§§ 28-35), the method is always the same (§§ 74, 75)

—

that is to say, the aqueous solution of the soda ash is poured into the glass beaker,'
the difference being merely, that instead of tho alkalimeter being quite filled up
with the test sulphuric acid, which, in the present instance, has a specific gravity of
1"268 (§ 29), the said test acid is poiirod into the alkalimeter only up to the point
marked 'soda' (taking tlie under-lino of the liquid as the true level), and the re-'
raaining divisions of the alkalimeter ate carefully filled up with water. The mouth
of the tube should then be tlioroughly closed with the thumb of the left hand and
the whole violently shaken until perfectly mixed, taking great care, of course not to
squirt any of tho acid out of the tube, which evidently would cause an amount of-
BWor proportionate to the quantity of the test acid which would have thus been lost.
Iho acid should then be poured from the alkalimeter with tho usual precaution'
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(§ 76) into tho glass bonkor containing tho aqueous solution of tlio sodii ash under
examination, until comploto neutralisation is attained, stirring briskly all tho time, or
after each addition of the tost acid. The neutralisation point being hit, tho sides of
the alkahiuotor aro allowed to drain, and tho operator then roads off tho nuniljer of
divisioiiji employed, which number indicates the por-contago of real soda contained in
tho sample assayed. Tlius, if tho samplo operated upon bo tho same as thjit alluded
to before, tho number of divisions employed being 52 would indicate 62 per cent, of
real soda.

81. If tho operator wishes to estimate tho amount of soda in tho samplo as car-
bonate of soda, ho should fill the alkalimetor with tho tost acid in question (s2)ccific

gra^^ty 1-268) up to the point marked carbonate of soda, and fill tho remainin;^'

divisions with water, shako tlie whole well, and proceed with tho neutralisation of tlio

aqueous solution of the samplo in tho glass beaker as just described. Supposing, as
before, that tho samplo in question contains 52 per cent, of real soda, it Mill now bo
found that the number of divisions employed altogether to saturate the sample com-
pletoly aro very nearly 89, for 62 of caustic soda correspond to 88-90 of tho carbonaty
of that alkali.

82. If tho soda nsh is very poor, instead of operating upon 1,000 wator-grains'

measure, or one-tenth part of tho whole solution ( = 100 grains' weight of tho soda
ash, §§ 76-77), it is advisable to take three or four thousand water-grains' measure of

the alkaline solution, and to divide, by three or four, the result obtained by saturation.

Suppose, for example, that the quantity of real soda found is 46 ;
this, if only 1,000

grains' measure had boon taken, would, of coursfs, indicate 46 per cent. ; but as 4,000

water-grains' mcasiu-e of solution have been taken instead, that number 46 must, ac-

cordingly, be divided by 4, which gives 11^ per cent, only of real soda contained in

tho samplo under examination.

83. Tho soda ash of commerce contains generally a per-centago of insoluble sub-

stances, which are removed by filtering, as we said, and a greater or less quantity of

chloride of sodium (common salt) and of sulphate of soda, which, however, do not in

the slightest degree interfere with the accuracy of the result. But there is a source

of error resulting from the presence in tho soda ash of sulphide of calcium, of sulphite,

and sometimes also, though more rarely, of hyposulphite, of soda. "When sulphuret of

calcium is present in the ash, on heating tho latter by hot water, a double decompo-

sition takes place : the sulphuret of calcium, reacting upon the carbonate of soda, forms

sulphuret of sodium and carbonate of lime. Now sulphuret of sodium saturates tho

test acid just as carbonate of soda ; but as it has no commercial value, it is clear that

if the ash contains a quantity of tho useless sulphuret at all considerable, a very serious

damage may be sustained by the purchaser if the per-centago of that substance present

in the ash be taken account of as being soda. Sulphite of soda is produced from the

oxidation of this sulph^l^et of sodium, and is objectionable inasmuch that when tho

test acid is added slowly to tho aqueous solution of the ash, tho effect is to convert

the sulphite into bisulphite of soda, before any evolution of sulphurous acid, and

consequently before the pink reaction on litmus-paper is produced.

84. In order to obviate the inaccuracies resulting from the neutralisation of a portion

of the test acid by these substances, it is necessary to convert them into sulphates of

soda, which is easily done by calcining a quantity of the sample with five or six

per cent, of chlorate of potash, as recommended by Gay-Lussac and Welter. Tho

operator, therefore, should intimately mix 60 or 60 grains' weight of pulverised

chlorate of potash mth 1,000 grains of the pulverised sample, and fuse the mixture in

a j)latinum crucible, for which purpose a blowpipe gas-furnace Avill be found ex-

ceediufly convenient. The fused mass should be washed, and the filtrate being

received into a 10,000 water-grains' measure, and made up with water to occupy that

bullc, mav then be assayed in every respec* as described before with ono or other

of the test acids mentioned.
v-

,

86. Wlien, however, the soda ash contains some hyposulphite of soda—which for-

tunately is seldom the case, for this salt is very difficultly produced in presence of a

very largo excess of alkali—it should not be calcined with chlorate of potash, because

in that case one equivalent of hyposulphite becomes transformed, not into otiecqtiivalnit

of sulphate, but, reacting upon one equivalent of carbonate of soda, expels its carbonic

acid, and forms with tho soda of the decomposed carbonate a seco7id equivalent of sul-

phate of soda, each equivalent of hyposulphite becoming thus converted into two

equivalents of sulphate, and therefore creating an error proportionate to the quantity

of the hyposulphite present, each equivalent of which would thus destroy ono equi-

valent of real and available alkali, and thus render the estimation of tlio samplo

inaccurate, and possibly to a very considerable extent.
, j

86 When this is tho case, it is therefore advisable, according to Messrs. Fordos and

Gclifl, to change tho condition of the sulphurets, sulpliitcs, and hyposulphites, by add-
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ine a little neutral cLiromato of potash to tlio alkaline solution, whence results sul-

pliate of cliromium, -water, and a separation of sulphur, which will not affect the accu-

racy of the alkalimctrical process.
_ , , . 1 ,

87 Whether the sample to be analysed contains any sulphurct, sulphite, or hypo-

sulphite, is easily ascertained as follows :—If, on pouring sulphuric acid upon a por-

tion of the sample of soda ash under examination, an odour of sulphuretted hydrogen

—that is, an odour of rotten eggs—is evolved, or if a portion of the soda ash, being

dissolved in water, and then filtered, produces a black precipitate (sulphurot of

lead) when solution of acetate of lead is poured into it, then the sample contains a

^^^S^^And if, after adding to some dilute sulphuric acid as much bichromate pf

potash as is necessary to impart to it a distinct reddish-yellow tinge, and a certain

quantity of the solution of the soda ash under examination being poured into it,

but not in sufficient quantity to neutralise the acid, the reddish-yellow colour

becomes green, it is a proof that the sample contains either sulphite or hyposiilphite

of soda, the green tinge being due to the transformation of tlie chromic acid into

sesquioxide of chromium.

89. And if, muriatic acid being poured into the clear solution of the soda ash, a

turbidness supervenes after some time if left at rest, or at once if heat is applied, it

is due to a deposit of sulphur, an odour of sulphiu-ous acid being evolved, and hy-

posulphite of soda is probably present. Wo say ' probably,' because if sulphurets and

sulpliites are present, the action of muriatic acid would decompose both, and liberate

sulphuretted hydrogen and sulphurous acid ; but as these two gases decompose each

other, a turbidness due to a separation of sulphur is also formed ; thus 2HS + SO^

= 2H0 + 2S.

90. As we liavo already had occasion to remark, the soda ash of commerce

frequently contains some, and occasionally a large quantity of caustic soda, the pro-

portion of which it is at times important to determine. This may be done, according

to ]Mr. BarreswiU, by adding a solution of chloride of barium to the aqueous solution

of the soda ash, by which the carbonate of soda is converted into carbonate of baryta,

whilst the caustic soda, reacting upon the chloride of barium, liberates a quantity of

caustic baryta proportionate to that of the caustic soda

in the soda ash. After this addition of chloride of

barium, the liquor is filtered in order to separate the

precipitated carbonate of baryta produced, and which
remains on the filter, on which it should be washed with

pure water. A few lumps of chalk are then put into a

Florence flask, a, and some muriatic acid being poured

upon it, an effervescence due to a disengagement of

carbonic acid is produced ; the flask is then closed with
a good cork, provided with a bent tube, b, reaching to

the bottom of the vessel c, and the stream of carbonic

acid produced is then passed through the liquor c, filtered

from the carbonate of baryta above mentioned. The
stream of carbonic acid produces a precipitate of car-

bonate of baryta, which should be also collected on a
separate filter, washed, dried, and weighed. Each grain of this second precipitate of

cjirbonate of baryta corresponds to 0'3157 of caustic soda.

91. As the soda ash of commerce almost invariably contains earthy carbonates, the
sample operated upon should always be dissolved in hot water, and filtered in order
to separate the Ciirbonate of lime which otherwise would saturate a proportionate

quantity of the test acid, and thus render the analysis worthless.
92. The quantity of water contained in either potash or soda ash is ascertained by

heating a weighed quantity of the sample to redness in a covered platinum capsule or
cnicible. The loss after ignition indicates the proportion of water. If any caustic
alkali is present, 1 equivalent = 9 of water, is retained, which cannot be thus elimi-
nated, but which may, of course, be determined by calculation after the proportion of
caustic soda has been found, as shown before, each 3 1 grains of caustic soda contain-
ing 9 grains of water.

93. Besides the alkalimctrical processes which have been explained in the preceding
pages, the proportion of available alkali contained in the sample may be estimated
from the amount of carbonic acid which can be expelled by supersaturating the alkali
"with an acid. The determination of the value of alkalis from the quantity of car-
bonic acid thus evolved by the supersaturation of the carbonate acted upon has long
been known. Dr. Ure, in the 'Annals of Philosophy,' for October, 1817, and then
in his 'Dictionary of Chemistry,' 1821, and more recently in his pamphlet 'Che-
mistry Simplified,' described several instruments for analysing earthy and alkaline



ALKALIMETRY

carbonates, and for a doscription of which the reader is referred to the article on
AciDiMETnY. The ingenious little apparatus of Drs. Fresenius and Will for the same
purpose, and to which wo have already alluded in the same article, gives accurate

results ; but it should bo observed that when the potash or soda of commerce contains

any caustic alkali, or bicarbonate, or earthy carbonates, or sulphuret of alkali—which,

as wo havo seen, is frequently, and, indeed, almost invariably, tlie case, the process is

no longer applicable without first submitting the sample to several operations—whicli

render this process troublesome and unsuitod to unpractised hands. Thus, if caustic

potash is present, the sample must bo first mixed and triturated with its own weight of

pure quartzoso sand and about one-third of its weight of carbonate of ammonia. The
mass is then moistened with aqueous ammonia, and then put into a small iron capsule

and evaporated to dryness, so as to expel completely

the ammonia and carbonate of ammonia. The mass is

then treated by water, filtered, washed, and concen-

trated to a proper bulk by evaporation, transferred to

the apparatus, and treated as will be seen presently.

If the sample contains caustic soda, instead of one-

third, at least half of its weight of carbonate of

ammonia should be employed. But for the estimation

ofpure carbonates, Drs. Fresensius and Will's method
is both acciirate and easy. The apparatus consists of

two flasks, A and b ; the first should have a capacity

of from two to two ounces and a half ; the second,

or flask b, should be of a somewhat smaller size,

and hold about one and a half or two ounces. Both

should be provided with perfectly sound corks, each

perforated with two holes, through which the tubes

a, c, d arc passing. The lower extremity of the tube a

must be adjusted so as to reach nearly to the bottom

of the flask A, and its upper extremity is closed by means of a small pellet of wax, b ;

c is a tube bent twice at right angles, one end of which merely protrudes through

the cork into the flask a, but the other end reaches nearly to the bottom of the flask b.

The tube d of the flask b merely protrudes through the cork into the flask.

94. The apparatus being so constructed, a certain quantity—100 grains, for example

—of the potash or soda ash under examination (and which may have been previously

dried) is weighed and introduced into the flask a, and water is next poured into this

flask to about one-third of its capacity. Into the other flask, or flask b, concentrated

ordinary sulphuric acid is poured, and the corks are firmly put in the flasks, which

thus become connected, so as to form a twin-apparatus, which is then carried to a

delicate balance, and accurately weighed. This done, the operator removes the appa-

ratus from the balance, and applying his lips to the extremity of the tube d, sucks

out a few air-bubbles, which, as the other tube, a, is closed by the wax pellet, rarefies

the air in the flask a, and consequently causes the sulphuric acid of flask b to ascend

a certain height (after the suction) into the txibo c; and if, after a short time, the

column of sulphuric acid maintains its height in the tube c, it is a proof that the

apparatus is air-tight, and therefore as it should be. This being ascertained, suction

is again applied to the extremity of the tube d, so that a portion of the sulphuric acid

of the flask b ascends into the tube c, and presently falls into the flask a, the quantity

which thus passes over being, of course, proportionate to the vacuum produced by the

suction. As soon as the acid thus falls in the water containing the alkaline carbonate

in the flask a, an effervescence is immediately produced, and as the carbonic acid dis-

engaged must, in order to escape, pass, by the tube c, through the concentrated sul-

phuric acid of the flask b, it is thereby completely dried before it can finally make its

exit through the tube d. The effervescence having subsided, suction is again applied

to the tube d, in order to cause a fresh quantity of sulphuric acid to flow over into

the flask A, as before ; and so on, till the last portion of sulphunc acid sucked over

OToduces no effervescence, which indicates, of course, that all the carbonate is decom-

posed, and that, consequently, the operation is at an end, A powerftil suctioii is now

applied to the tube d, in order to cause a tolerably large quantity of sulphunc acid,

but not all, to flow into the flask A, which thus becomes very hot, from tho_ combina-

tion of the concentrated acid with the water, so that the carbonic acid :s thereby

thoroughly expelled from the solution. The little wax pellet AVhich served as a

stopper is now removed from tlie tube d, and suction applied for some time,_ in onler

to sweep the flasks with atmospheric air, and thus displace all tho carbonic acid in

the apparatus, which is allowed to become quite cold, ahd weighed ngain, together

with the wax pellet, the difference between the first and the second wcighings--

to say, the loss-indicating the quantity of carbonic acid which was contained

that IS

in the



grains : taking the

Equivalent of soda . _
• • • * * ' Z 22

do carbonic acid

1 equivalent of carbonate of soda . • . =53,

it is clear that the 19 grains of carboxnc
f^^-^^^^^^^^^^^^

45-77 grains of carbonate of soda, or, m other words, 100 grains 01 soad ab

upon contained 45-77 of real carbonate of soda, thus :—

CO' NaO.CO' CO' ^^^'^ n?^'
22 : 63 :: 19 : x = 45-77

95. As the soda ash of commerce always contains earthy c^yb^^iff ' .^^^^^
quen ly Bulpli^ets, sulphites, and occasionally hyposulphites, instead of

^p^^^^^^^

iSo grains to be operated upon directly into the flask a, it meS
first to dissolve them in boiUng water, to filter the ^^l^^tion and to wash the™
tete which may be left on the filter with boiUng water. The solution ^nd the wa^^^^^

Sis beinff miied together, should then be reduced by evaporation to a proper volume

SntroduSSon into'the flask A, and the process is then carried on as
^^^^^^^^^

sulphurets, sulphites, or hyposulphites are present the a h s
^^^^^f^g^^

as mentioned in §§ 83-91, previous to pouring the
t! '^^^^^

otherwise the sulphiiretted hydrogen and sulphurous
"^^^^"^^^^^^^^^^

along with the carbonic acid, would apparently augment the proportion of the latter,

and render the result quite erroneous.
r>f ^nrl^Patinf?

96. The balance used for this mode of analysis should be capable of indicating

small weights when heavily laden. „„„fi,c on
AlKillNE BARTHS-Eabyta, Lime, and Steontia. These earths are so

called to distinguish them from the earths Magnesia and Axtjmina. T^iey are soluWo

in water, but taa much less extent than the alkalies. Their solutions impart a brown

collr to turmeric paper, and neutralise acids. They are, however distinguished

from the alkaHes, by their combination with carbomc acid being nearly insoluble an

^AliltAI.1 WASTE. A by-product obtained in the manufacture of soda-ash.

Bv heating sulphate of soda with chalk and carbonaceous matter, a mixture oi car-

bonate of soda and sulphide of calcium is obtained. The former salt is dissolved out

on lixiviation, whilst the latter remains as an insoluble residue.
_
It is this resiaue

which constitutes ' alkali waste.' The accumidation of tins material is aften a source

of great annoyance to the manufacturer, especially by the evolution of sulphuretted

hydrogen. Several methods have, of late years, been introduced for the utilisation ot

this product, and the recovery of the sulphur which it contains. For a description ot

these processes see Soda. . t
Al.JLAtrilT. (Orcanetie, Ft.; Orkanet, Ger.) Anchum Unctoria. A species ot

bugloss, or boragewort, cultivated in the neighbourhood of Montpellier and m the

Levant. It is sometimes called the bugloss of Languedoc, or the dyer s bugloss.

The anchusa is a rough plant, with downy and spear-shaped leaves, and clusters ot

small purple or reddish flowers, the stamens of which are shorter than the corolla.

It affords a fine red colour to alcohol and oils, but a dirty red to water. Its principal

use is for colouring ointments, oils, and pomades. The spirituous tincture gives to

white marble a beautiful deep stain ;
but, usually, wax is coloured with the anchusa,

and then applied to the surface of warm marble. It stains it flesh-colour, and the

stain sinks deep into the stone. Oil coloured by alkan^t is used for staining wood in

imitation of rosewood.
i 7 •

Alkanet root was analysed by Dr. John, who found tlie constituents to be a peculiar

colouring matter {jpseudo-alkanium), 6-50; extr.icLlvc, TOO; gum, 6-25; matters

extracted by caustic potash, 65-00
;
woody fibre, 18-00.

The colouring matter resides in the cortical part of the root, and was regarded by

Pelletier as a kind of fatty acid {anchusic acid) ; but it is now usually considered to

be a resinoid {anchUsine), whose composition is C" H^" 0^ (C" O"). This root is

sometimes termed tho spurious alkanet root {radix alkanncs spuria), to distinguish it

from the Al-kenna.

AIL-XEMTIO-A, or Al-HBKTXa-A, is the nnme of the roots and leaves oi Lawsonia

inemiis, which have been long employed in the East to dye the nails, teeth, hair,

garments, &c. The leaves, ground and mixed -with a little limewater, servo fot

•dyeing the tails of horses in Persia and Turkey.
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Tim l owdor of
//^««a frequently referred to by the Orient.^ pocU,.

niiLTnd tl^o n T'' ^''''^
f"^""'"

^ P^^'^' 0" the nails for «^ni{,iit, and the colour thus given will last for several weeks.

yvtV^'^J^
diHtinguishod us the true alkanet root (radix dkannm vera\AI.I.BMONTITE. A native alloy of arsenic and antimony, contiuninf? Sb As^*

LkwT 1 " ^1^° "^'"°)
:

Pribram in ihomfa
'

ana at Anch-oasborg, in the Hartz.
^"uoimn

,

infth™"?;'^^®'';
^° :yithmoti«il formula, useful on many occasions for ascertain-

of voIutJo iL r"
?f
f"f.^tuents in a mixture, when they Iiave undergone no change

tloiZ^ltT'^f r^^'°"%°'V P""^" compounds consisting of ingredients of diflForont values. Thus, if a quantity of sugar worth U thepound and another quantity worth IM., are mixed, the Question to be solved ^alligation is, what is the value of the mixture by the pound ? Alligation is of two
kinds-wcc^za^, and alternate -, medial, when the rate of mixture is sought from the
rates and quantities of the simples

; alternate, when the quantities of the simples arcsought from the rates of the simples* and the rate of the mixture.— JTcia^cr
AI.I,IOI.B. AUiole is obtained by distilling crude naphtha, and collecting all that

leaves the still m the fixst distillation before the boiling temperature reaches 194° F •

and on the second distillation, all below 176° F. It boils, when nearly free from
benzole at a temperature of from 140° to 158° F., and possesses an alliaceous odour
somewhat resembling that of bi-sulphido of carbon.

AI.I.IXT1W:. A genus of plants belonging to the Uliacc(B or lily-order. The bulbs
ot many species are esculent. Allium Cepa is the onion ; A. sativum, garlic ; A. vorrunu
the leek; A. Ascalonicum, the shallot; A. Sckceuoprasum, the chive. The so-ailled
'bpanish onions,' imported from Spain, Portugal, and Egypt, are merely the largo
bulbs of varieties of the common onion, which, cultivated in warm dry countries, lose
much of their pungency.
AXiXiOCXiASB. A mineral found in the Bannat—once regarded as a Cobalt-

glance. It appears to be of a very complex and variable composition. Essentially
it is a compound of sulphur, arsenic, iron, zinc, and cobalt.
AltliOPHii-HrE—from &\\os other, and (pahai to appear, in allusion to the change

of appearance which this mineral undergoes before the blowpipe flame. This mineral,
which is a hydrated silicate of alumina, consists essentially of silica 24-22, alumina
40'39, and water 35'39. It is generally found lining small cavities, and in veins in
marl or chalk. Allophanes have been found containing from 14 to 19 per cent, of
oxide of copper, which give them a green colour.

AIiZiOTROPlT. Mlotrojjio Condition. A name introduced by Berzelius to signify
anotherform of the same substance, derived from &\\os, another, and rpoiros, habit.
Carbon, for example, exists as the diamond, a brilliant gem, with difficulty combus-
tible

; as graphite, a dark, opaque mass, often crystalline, also of great infusibility

;

and as charcoal, a dark porous body, which biu-ns with facility.

Sulphur, when melted, is at 230° F. perfectly liquid. Being heated to 430° F., it

becomes thick and so tenacious that it can scarcely be poured out of the vessel in
which it is melted. When heated to 480° it again becomes liquid, and continues so
until it boils. These examples are sufficient to explain the meaning of this term.
An extensive series of bodies appears to assume similar allotropic modifications.

The probability is that, with the advance of physical and chemical science, many of

the substances now supposed to be elementarj' will be proved to be but allotropic

states of some one form of matter. See Isomerism.
AXiXiOT. {Alliage,'Fv.; Leffirunff, Gev.) From the French aZ^/cr, to um'te or mix

;

or the Latin alligo, to bind. This term formerly signified mixing some baser metal

with gold and silver, and this meaning is still preserved in reference to coinage
;
but,

in chemistry, it now means any compound of any two or more metals whatever. Thus,

bronze is an alloy of copper and tin ; brass, an alloy of copper and zinc ; and typo

metal, an alloy of lead and antimony. All the aUoys possess metallic lustre, even

when cut or broken to pieces
;
they are opaque ; are excellent conductors of heat and

electricity ; are frequently susceptible of crystallising ; are more or less ductile,

malleable, elastic, and sonorous. An aUoy which consists of metals diffijrcntly fusible

is usually mallealDle when cold, and brittle when hot, as is exemplified with brass and

gong metal.

Many alloys consist of definite or atomic proportions of the simple component

metals, though some alloys seem to form in any proportion, like combinations of salt

or sugar with water. It is probable that peculiar properties belong to the atomic

ratio, as is exemplified in the superior quality of brass made in that proportion.

The experiments of Crookewitt upon amalgams appear to prove that the combina-

tion of metals in alloys obeys some laws of a similar character to those which prevail

between combining bodies in solution; i.e. that a ti-uo combining proportion existed.
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By amalgamation and straining through chamois leather, he obtained crystalline

motall-c compounds of gold, bismuth, lead, and cadmium, with mercury, yhich

rptarod to St in true definite proportions. With potassium he obta^med two

Sims,W and With silrer, by bringing mercury in contact with

a soEn of nitrate of silver, according to the quantity of mercury employed, he

obtained such amalgams as Ag^Hg'«, AgHg', AgHg», AgHg .

B yondX^ there are maSy elperiments which appear to prove tha alloys are

true chemical compounds ;
but, at the same time, it is highly probable that the

Se cScal alio/ is very often dissolved (mechanically disseminated) in that metal

Sch is krgely in excess/ In some cases, however, the alloy appears to be nothing

more than a mechanical mixture of the component metals. ^ . ^ . , ,

SonSe years since, the Editor, at the request of Sir Henry De la Beche and guided

by the advice of Professor Graham, carried out a series of expenments in the laboratory

of the Museum of Practical Geology, with the view of obtaimng a good alloy for

soldiers' medals, and the results confirmed the views respecting the laws of definite

proportional combination among the metals. Many of those aUoys were struck at the

Mint, and yielded beautiful impressions ; but there were many objections urged

against the use of any alloy for a medal of honour.
, , . . .

One metal does not alloy indifferently with every other pietal, but is governed in

this respect by peculiar affinities ;
thus, silver will hardly umte with iron, butit com-

bines readily with gold, copper, and lead. In comparing the alloys with their

constituent metals, the following differences may be noted. In general, the ductility

of the alloy is less than that of the separate metals, and sometimes in a very remark-

able degree; on the contrary, the alloy is usually harder than the mean hardness of

its constituents. The mercurial alloys or amalgams are, perhaps, exceptions to this

The specific gravity is rarely the mean between that of each of its constituents, but

is sometimes greater and sometimes less; indicating, in the former ca,se, a closer

cohesion, and, in the latter, a recedure, of the particles from each other m the act of

their union. The alloys of the following metals have been examined by Crookewitt»

and he has given their specific gravities as in the following Table ; the specific gravity

of the unalloyed metals being

—

Copper . . . 8-794

Tin ... . 7-305

That of the alloys was—

Zinc

.

Lead
6-860

11-364

Cv? Sn5 . 7-652 CuPb . . 10-376

Cu Sn . 8-072 Sn Zn* . . 7-096

Cu« Sn . 8-512 SnZn . 7-116

Cu' Zn' . . 7-939 Sn^ Zn . . 7-235

Cu« Zn2 . . 8-224 Sn Pb* . . 9-965

Cu* Zn . 8-392 SnPb . . 9-394

Cu* Pb' . . 10-753 Sn' Pb . . 9-025

The folio-wing Tables of binary alloys exhibit this circumstance in experimental

detail :

—

Alloys having a density greater than the mean
of their constituents.

Gold and zinc

Gold and tin

Gold and bismuth
Gold and antimony
Gold and cobalt

Silver and zinc

Silver and lead

Silver and tin

Silver and bismuth

Silver and antimony

Copper and zinc

Copper and tin

Copper and palladium

Copper and bismuth

Lead and antimony

Platinum and molybdcimm
Palladium and bismuth

AUoys having a density less than the mean of

their constituents.

Gold and silver

Gold and iron

Gold and lead

Gold and copper

Gold and iridium

Gold and nickel

Silver and copper

Iron and bismuth
Iron and antimony
Iron and lead

Tin and lead

Tin and palladium
Tin and antimony
Nickel and arsenic

Zinc and antimony

«
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Thero aro many points of groat physiail as well as cliomical interest in connection

witli alloys, -which require a closer study than they have yet received. Thero aresome striking facts, brouglit forward by M. Worthoim, deduced from experiments
carried on upon fifty-four binary alloys and nino ternary alloys of simple and known
composition which will bo found in tho 'Journal of the French Institute,' to which
the reader desiring information on this point is referred.

It is hardly possible to infer the molting point of an alloy from that of each of its
constituent motals

; but, in general, tho fusibility is increased by mutual affinity in
thoir state of combination. Of this a romarlcablo instance is aflfbrded in the fusible
niotal consisting of 8 parts of bismuth, 5 of lead, and 3 of tin, which melts at the heat
ol boihng water, or 212° F., though tlio molting point deduced from tho mean of its
components should bo 614° F. This alloy may -bo rendered still more fusible by
adding a little mercury to it, when it forms an excellent material for anatomical injec-
tions. See FusiBM Metai.

On the Melting Point of Certain Alloys,

Centigrade
Thermometer.

Lead 334°
Tin ...... 230°
Tin, 5 atoms

;
lead, 1 atom . 194°

4 „ „ 1 „. . 189°

» 3 „ „ 1 „ . 186°

Centigrade
Thermometer.

Tin, 2 atoms; load, 1 atom . 196°

.. 1 „ „ 1 „ . 241°
1 » „ 3 „ . 289°

„ 2 vols. ; „ 1 vol. . 194°

In theso experiments of M. Kupffer, the temperatures wore determined with ther-
mometers of great delicacy, and tho weighings were carefully carried out.—Ann. de
Chimie, xl. 285-302 ; Brewster's Edin. Jour. Sci. i. N.S. p. 299.
The colours of alloys do not depend in any considerable degree upon those of tho

separate metals
; thus, the colour of copper, instead of being rendered paler by a large

addition of zinc, is thereby converted into a rich-looking yellow metal, brass.
By means of alloys, wo multiply, as it were, the number of useful metals, and

sometimes give usefulness to such as are separately of little value. Since these com-
pounds can be formed only by fusion, and that many metals are apt to oxidise readily
at their melting temperature, proper precautions must be taken in making alloys to
prevent this occurrence. Thus, in combining tin and- lead, resin or grease is usually
put on the surface of the melting metals, tho carbon produced by tho decomposition
of which protects them, in most cases, sufficiently from oxidation. When wo wish
to combine tin and iron, as in the tinning of cast-iron tea-kettles, we rub sal-ammo-
niac upon tho surfaces .of the hot metals in contact -with each other, and thus exclude
the atmospheric oxygon by means of its fumes. When there is a notable difference
in the specific gravities of the metals which we -wish to combine, we often find great
difficulties in obtaining homogeneous alloys ; for each metal may tend to assume tho
level duo to its density, as is remarkably exemplified in alloys of gold and silver made
without adequate, stirring of the melting metals. I£ tho mass bo largo and slow of
cooling, after it is cast in an upright cylindrical form, the metals sometimes separate,

to a certain degree, in the order of their densities. Thus, in casting large bells and
cannon -with copper alloys, the bottom of the casting is apt to contain too much
copper and the top too much tin, unless very dexterous manipulation in mixing the

fused materials has beOn employed immediately before the pouring out of the melted
mass. Wlien such inequalities are observed, the objects are broken and re-melted,

after which they form a much more homogeneous alloy. This artifice of a double

melting is often had recourse to, and especially in casting the alloys for the specula

of telescopes.

When we -wish to alloy throe or more motals, we often experience difficulties,

either because one of the metals is more oxidisable, or denser, or more fusible, than the

others, or because thero is no direct affinity between two of the metals. In tho latter

predicament, wo shall succeed bettor by combining the three motals first in pairs,

for example, and then melting tho two pairs together. Thus, it is difficult to unite

iron -with bronze directly ; but if, instead of iron, we use tin plate, wo shall imme-
diately succeed, and the bronze, in this manner, acquires valuable qualities from

tho iron. Thus, also, to render brass better adapted for some purposes, a small

quantity of lead is sometimes added to it, but this cannot bo done directly -with

advantage ; it is better to melt the lead first along -with the zinc, and then to add

this alloy to tho melting copper, or tlie copper to that alloy, and fuse them together.

One of tlio alloys most useful to tho arts is brass ; it is more ductile and less easily

oxidised than even its copper constituent, not-withstanding the opposite nature of tho

zinc. (Soo Brass.) This alloy may exist in many different proportions, under wliich
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has different names, as tombac, similor, pinchbeck, &c. Copper and tin fo^m

fomwunds of remarkable utility, known under the name of hard brass, for the

steps and bearings of the axles, arbours and spindles m machinery
;
and

ofto &c. (See Beonze, &c.) Gold and silver, m their pure sbito are

1 soft and flexible to form either vessels or coins of suf&cient strength and dxu-a-

Sitv but when alloyed with a little copper, they acquire the requisite hardness and

Sess forlhese and other purposes. Aluminium has been found by Dr. Percy to

Dossess the same hardening property. See Aluminium Bronze. • _
^ men we have occasion to u^te several pieces of the same or of different metals,

we eSo7the process called soldenng, which consists in fixing together he^surfaceg

hvZans of an interposed aUoy, which must be -necessarily more fusible than theK or metals to be Joined. -That alloy must also consist of metals which possess a

Sro^g affinity for theiubstances to be soldered together. Hence each metal would

seem to reqube a particular kind of solder, which is, to a certoin extent true Thus,

the^older for gold trinkets and plate is an aUoyof gold and silver, or gold and copper

;

that for silver trinkets is an alloy of silver and copper ; that for copper is exther fine

tin, for pieces that must not be exposed to the fire, or a brass alloy called hard

solder, of which the zinc forms a considerable proportion. The solder of lead and

tin pkte is an alloy of lead and tin, and that of tin is the same alby with a little bis-

muth Tinning, gilding, and silvering may also • be reckoned as species at alloys,

since the tin, gold, and silver are superficially united in these cases to other metals.

MetalUc aUoys possess usuaUy more tenacity than could be inferred from their con-

Btituents ; thus, an alloy of 12 parts of lead with 1 -of zinc has a tenacity double that

The cohesive force of alloys is weU shown in the annexed Table (p. 94), in which the

results are mostly those obtained by Muschenbroek.>

Metallic alloys are generally much more easily oxidised than the separate metals, a

phenomenon which may be ascribed to the increased affinity for oxygen' which results

from the tendency of the one of the oxides to combine with the Other, A.n alloy of

tin and lead heated to redness takes fire, and continues to burn for some time like a

piece of bad turf.

Every alloy is, in reference to the arts and manufactures, a new metal, on account

of its chemical and physical properties. • A vast field here remains to be explored.

Not above 60 alloys have been studied by the chemists out of maiiy hiindreds which

may be made ; and of these but few have been yet practically employed. Very slight

modifications often constitute valuable improvements upon metallic bodies. Thus,

the brass most esteemed by turners at the lathe contains from 2 to 3 per cent, of lead

;

but such brass does not work well under thd hammer ; and, reciprbcally, the brass

which is best under the hammer is too tough fbr tutning.

M. Chaudet has made some experiments on the means of dete'cting the nietals^ of

alloys by the cupelling furnace, and they promise useful applications.' The testing

depends upon the appearance exhibited "by the metals and their alloys when heated

on a cupel. The following were Chaudetfs results:—

Metals.—Pure tin, when heated this way, fu'ses, becomes of a greyish-black colour,

fumes a little, exhibits incandescent points on 'its surface, and leaves an oxide which,

when withdrawn from the fixe, is at first lemoti-yellW, but, when cold, wliite. Anti-

mony melts, preserves its brilliancy, fuihes, and leaves the vessel coloured lemon-

yellow when hot, but colourless when cold, except a few spots of a rose tint. Zinc

burns brilliantly, forming a cone of oxide ; and tho oxide, much increased in volume,

is, when hot, greenish, but, when cold, perfectly white. Bismuth fumes, becomes

covered with a coat of melted oxide, part of which sublimes, and the rest enters the

pores of the cupel ; when cold, the cupel is of a fine yellow colour, with spots of a

greenish hue. Lead resembles bismuth very much ; the cold cupel is of a lemon-,

yellow colour. Copper melts, and becomes covered with a coat of black oxide ; some-

times spots of a rose tint remain on the cupel.

Alloys.—Tin 75, antimony 25, melt, become covered with a coat of black oxide,

have very few incandescent points ; when cold, the oxide is nearly black, in con-'

sequence of the action of antimony ; a j^th part of antimony may be ascertained,

in this way, in tho alloy. An alloy of antimony containing tin leaves oxide of tin

in the cupel ; a jJo^^ P^^^ °^ "^^7 ^° ^^^^ detected. An alloy of tin and zinc

gives an oxide which, whilst hot, is of a green tint, and resembles philosopher's wool
in appearance. An alloy containing 99 tin 1 zinc did not present tho incandescent

points of pure tin, and gave an oxide of greenish tint when cold. Tin 95, bismuth 5
parts, gave an oxide of a grey colour. Tin and lead give an oxide of a rusty brown
colour. An alloy of lead and tin, containing only 1 per cent, of the latter metal, when

« Encyclopedia Britannico, Art, Stuengtii, and introduction ad Philoso. Naturoe.
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ArxoT Off

Gold .

ditto .

Silver .

pahts
. 2

. 5 wU U Uul
r.

• u
ditto . Tin

Brass . •

Coppor 10 Tin-J. Ill a

ditto . . 8 LIJ VkiKJ 4

ditto . . 4 ditto ,

ditto . UiLtO «

ditto . 2 fliti^n

ditto . I

Tin (English) 10
ditto . . 8 flitin

ditto . . 6 flitf-n

ditto . , 4
ditto . 2 vXi v\AJ g

ditto . 1 ditto
Tin (Banca) . 10 A ni".lTm^mr<txu ui-iiiuii y
ditto . . 8 ditto .

ditto . . 6 flit.to

ditto . . 4 ditto ,

ditto . . 2 ditto
ditto . . 1 ditto .

ditto . . 10 "Ricirniifl-i

ditto . . 4 ditto ,

ditto . . 2 ditto .

ditto . . 1 ditto

ditto . . 1 ditto

ditto . , . 1 ditto

ditto . . 1 ditto .

Tin (English) . 1 Zinc .

ditto . . 2 ditto .

ditto . . 4 ditto

ditto . . 8 ditto .

ditto . . . 1 Antimony
ditto . . . 3 ditto .

ditto . . 4 ditto .

Lead (Scotch) . 1 Bismuth
ditto . . 2 ditto .

ditto . . 10 ditto .

rAU'1'8

10

Specific

CohcBioH

CJohoslon of
square Inch

ill Ibii.

Avoirdupois

Spoclflc

Gravity

2-972 28,000
5-307 50,000
6-148 48,600
4-352 41,000
4-870 46,882
3-407 32,093
3-831 36,088
4-687 44,071
3-794 36,739
0-108 1,017
0-077 725
0-733 6,904
0-841 7,922
0-849 7,997
1-126 10,607
0-793 7,470
0-751 7,074
1-187 11.181 7-359
1-049 9,881 7-276
1-341 12,632 7-228
1-431 13,480 7-192
1-277 12,092 7-106
0-338 3,184 7-060
1-347 12,688 7-576
1-772 16,692 7-613
1-488 14,017 8-076
1-276 12,020 8-146
1-063 10,013 8-58
0-836 7,875 9-009
0-411 3,871 9-439
0-958 9,024
1-164 10,964
1-089 10,268
1-126 10,607
0-154 1,450 7-000
0-338 3,184
1-202 11,323
0-777 7,319 10-931
0-620 5,840 , 11-090
0-300 2,826 10-827

heated, does not expose a clean surface, like lead, but is covered at times with oxide
of tin. Tin 76 and copper 25 gave a black oxide : if the heat be much elevated, the
underpart of the oxide is -white, which is oxide of tin ; the upper part is black, being
the oxide of copper, and the cupel becomes of a rose colour. If tho tin be impure
from iron, the oxide produced by it is marked -with spots of a rust colour.

The degree of affinity between metals may be in some measure estimated by the
greater or less facility with which, when of different degrees of fusibility or volatility,

they unite, or with which they can, after union, be separated by heat. Tho greater
or less tendency to separate into differently proportioned alloys, by long-continued
fusion, may also give some information upon this subject. Mr. Hatchett remarked,
in his elaborate researches on metallic alloys, that gold made standard with the usual
precautions, by silver, copper, lead, antimony, &c., and then cast, after long fusion,

into vortical bars, was by no means an uniform compound ; but that the top of tho
bar, corresponding to the metal at tho bottom of the crucible, contained the larger

proportion of gold. Hence, for a more thorough combination, two red-hot crucibles

should bo employed, and the liquefied metals should be alternately poured from tho

one into the other. To prevent unnecessary oxidisation from tho air, tho crucibles

should contain, besides tho metal, a mixture of common salt and pounded charcoal.

The metallic alloy should also be occasionally stiiTed up with a rod of earthenware.
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mon there is a strong affinity between the two metals, their alloy is generally

de^I?r than tuo „iean, and vice W. Tliis is exemplified, as preyionsly shown, m
fhe Tloys of copper with zinc and tin, on the one hand and with copper and lead

on ihe other^ When one of the metals, however, is added m excess, there result an

atomic compound and an indefinite combination, as would appear from Muschenbroek s

experiments. Thus :

—

1 of lead with 4 of silver give a density of 10-480

1 do 2 do 11-032

1 do 3 do 10-831

The proportion of the constituents is on this principle estimated in Franco by the test

J^KKpplied to pewter ; in which the weight of the alloyed ba is compa^^^^^^^^^

that of a ball of pure tin or standard pewter cast m the same mould. Alloys possess

the elasticity belonging to the mean of their constituents, and also the Bpecrhc heat

According to M. Kudberg, while lead solidifies at 325° C, and tin at 228°, thou^

atomic aUoy solidifies at 187°, which he calls the fixed point for a compound Pb^Sn .

An aUoy too slowly cooled is often apt to favour the crystalhsation of one or moro

of its components, and thus to render it brittle ; and hence an iron mould is preierablo

to one of sand when there is danger of such a result.
j . ^.i •„

It is not a matter of indifference in what order the metals are melted together m
making an alloy. Thus, if we combine 90 parts of tin and 10 of copper, and to this

aUoy add 10 of antimony; or if wo combine 10 parts of antimony with 10 ot coppei%

and add to that alloy 90 parts of tin, we shaU have two alloys chemically the same
;
and

still it will be easy to discover that, in other respects—fusibiUty, tenacity, &c.—they

totally differ. Whence this result ? Obviously from the nature of their combination,

dependent upon the order pursued in the preparation, and which continues after the

mixture. In the aUoys of load and antimony also, if the heat be raised m combining

the two metals together much above their fusing points, the alloy becomes harsh and

brittle
;
probably because some alloy formed at that high temperature is not soluble

in the mass.
. . , , . • j j?

In common cases the specific gravity affords a good criterion whereby to judge ot

the proportion of two metals in an alloy. But a very fallacious rule has been given

in some respectable works for computing the specific gravity that should result from

the alloying of given quantities of ^ two metals of known densities, supposing no

chemical condensation or expansion of volume to take place. Thus, it has been taught,

that if gold and copper bo united in equal weights, the computed specific gravity is

merely the arithmetical mean between the numbers denoting the two specific gravities.

Whereas, the specific gravity of any alloy must be computed by dividing the sum of

the two weights by the sum of the two volumes, compared, for convenience sake, to

water reckoned unity. Or, in another form, the rule may be stated thus :—Multiply

the sum of the weights into the products of the two specific-gravity numbers for a

numerator ; and multiply each specific-gravity number into the weight of the other

body, and add the two products together for a denominator. The quotient obtained

by dividing the said numerator by the denominator is the truly computed mean
specific gravity of the alloy. On comparing with that density the density found by

experiment, we shall see whether expansion or condensation of volume has attended

the metallic combination. Gold having a specific gravity of 19-36, and copper of 8-87,

when they are alloyed in equal weiglits, give, by the fallacious rule of the arithmetical

mean of the densities 1^!^^^-^^ = 14-11 ; whereas the rightly computed density is

2

only 12-16. It is evident that, on comparing the first result with experiment, we
should bo led to infer that there had been a prodigious condensation of volume, though

expansion has actually taken place. Let W, w be the two weights ; P, p the tw.o

specific gravities, then M, the mean specific gravity, is given by the formula

^_(W +w)Pp . 2 A = -(^-P)'
Pw-fpW P-t-p

=twice the error of the arithmetical mean ; which is therefore always in excess.

Alloys of a somewhat complex character are mado by Mr. Alexander Parkes, of

Birmingham, of a white or pale colour, by melting together 33^ lbs. of foreign zinc,

64 of tin, l\ of iron, and 3 of copper ; or 50 zinc, 48 tin, 1 iron, and 3 copper ; or any
intermediate proportion of zinc and copper may be used. The iron and copper are
first melted together in a crucible, the tin is next introduced, in such quantities at a
time as not to solidify the iron and copper ; the zinc is added lastly, and the whole
mixed by stirring. The fiux recommended for this alloy is, 1 part of lime, I part of
Cumberland iron ore, and 3 parts of sal-ammoniac.
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ov^mZfl^l'ff"^'
is compoeod of 66 lbs. of foreign zinc, 33i tin, 3^ antimony.

^Wth^;^f n
'

tin, and 2J antimony; or any intermediate proportiong, Ld ^tH;W 8 to fr^'- Tn-
^^'''^ W'^''" ^PPl'^'l to the sheat ing of^tiom 8 to 16 oz. of nict^illic arsenic are added to every 100 lbs. of alloy A tliirdSof Hoys consists of equal parts of iron and nickel! the copper is next added am

3o1 ]L J in" ,
'''.'^ (/"'^'^ '^2"'^^^*)' •'^'^^ of foreign zinc; or

30:r lbs. ot a loy of iron and nickel (p. «.), 46 copper, and 26^ zinc ; or any intTrmochat proportions of zinc and copper. He uses also an alloy It 60 lbs ofTpper 2oof isinc and 20 of silver; or 60 copper, 10 nickel, 10 silver, and 20 zinc - thJ connlr

oflieat "^t""^^ 'ff. '^^f'^J^^o.
^"''y ^« ^''^^ by himTn^ntndSothodt

!
It IS made of 25 nickel, 25 iron, and 50 copper ; or 16 nickel. 26 iron and60 copper
;
the last being added after the fusion of the others.

It may provo_ convenient to give a general statement of the more etrikiug pocu-
larities of tlio important alloys. More detailed information Mdll bo found under theneacls 01 the respective metals.

,>.S''''°i1f°
ALLOTs.-The British standard for gold coin is 22 parta puregold and 2 parts alloy, and for silver, 222 parts pure silver to 18 parts of alloy

I he alloy for the gold is an indefinite proportion of silver and copper : some coin
las a dark red colour from the alloy being chiefly copper ; the lighter the colour alarger portion of silver is indicated, sometimes even (when no copper is present) it
approaches to a greenish tinge, but the proportion of pure gold is the same in either

The_ alloy for silver coinage is always copper; and a very pure quality of this
metal ns used for alloying, both for the gold and silver coinage, as almost any other
metal being present, even in very small quantities, would make the met^ils unfit
lor coinage, from rendering the gold, silver, and copper brittle, or not sufficiently
malleable.

The standard for plate (silver) is the same as the coin, and requires the same
quantity of copper, and carefully melting with two or three bits of charcoal on the
surface while in fusion, to prevent the oxidation of the copper by heat and exposure
to the atmosphere.

The gold standard for plate and jewellery varies, by an Act of Parliament,
from the 22 carats pure, to 18, 12, and 9 : the alloys are gold and silver, in various
proportions according to the taste of the workmen ; the colour of the articles manu-
factured depending, as with the coin, on the proportions ; if no copper is used in
qualities under 22 carats fine gold, the colour varies from a soft green to a greenish
white, but a proportion of copper maybe used so as to bring the colour to nearly that
of 22 fine, 1 silver, and 1 copper.

Wire of either gold or silver may be drawn of any quality, but the ordinary wire
for fine purposes, such as lace, contains from 5 to 9 pennyweights of copper in
the pound of 240 pennyweights, to render it not so soft as it would be with pure
silver.

Gold, silver, and copper may be mixed in any proportions without injury to the
ductility, but no reliable scale of tenacity appears to have been constructed, although
gold and silver in almost any proportions may be drawn to the very finest wire.

The alloys of silver and palladium may be made in any proportions ; it has been
found that even 3 per cent, of palladium prevents silver tarnishing so soon as without
it ; 10 per cent, very considerably protects the silver, and 30 per cent, of palladium
will prevent the silver being affected by fumes of sulphuretted hydrogen unless very
long exposed : the latter alloy has been found useful for dental purposes, and the
alloy with less proportions—say 10 to 15 per cent.—has been used for graduated
scales of mathematical instruments.

The alloy of platinum and silver is made for the same purposes as those of palla-

dium, and, by proper care in fusion, are nearly equally useful, but the platinum docs

not seem to so perfectly combine ^nt]l the silver as the palladium. Any proportion

of palladium with gold injures the colour, and even 1 per cent, may be detected by
sight, and 5 per cent, renders it a silver colour, while about 10 per cent, destroys it;

but the ductility of the alloy is not much iryured.

Gold leaf for gilding contains from 3 to 12 grains of alloy to the ounce. The gold

used by respectable dentists is nearly pure, but necessarily contains about 6 grains of

copper to the ounce troy, or ^th part.

Antimony in the proportion of quite destroys the ductility of gold.

Gold and platinum alloy forms a somewhat elastic metal. Hermstadt's imitation

of gold consists of 1 6 parts of platinum, 7 parts of copper, and 1 of zinc, put in a

crucible, covered with charcoal powder, and melted into a mass.—P. J.
'
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nmthrs AUoii: For th6' ordinary purposes of mounting' artificial tooth a peculiar

metal is required. It must bo sufficiently hard and.tough, and it must not bo liable

to corrosion by either acid or acrid fluids. Experience has shown that an alloy of

srold silver/and copper most nearly meets all the required conditions. Dentists use

16-carat gold, which is f fine gold and J alloy, the alloy being always nearly equal

portions of silver and copper, which is not, for these purposes, m the slightest degree

iniurious.—See Amaxgam.
, . i -xi. j.- , • i

' '

Copper Axloys.—Copper alloyed with zinc forms Beass, and with tm we ha,vG

Bronze. (See thoso articles.) The best Kingston's Metal is an alloy of copper tm,

and mercury ; it is much used for bearings. (See Kingston's Metai.) The alloys

of the ancients were usually either brasses or bronzes. The following analyses of

ancient coins, &c., by Mr. John Arthur Phillips, are of great value ;—

Dat
Copper Tin . Lead. Iron Zlna silver Sulph. Nickel Cooalt

B.C., A.D.

.

«•

Ms . . . • 600 69'69 7-16 ./t74 1 • • . trace ti*ncc -07

Semis .... 600 62-04 7-66 20-32 io *

'

- • trace -10 -;.':!

Quridrnns . . 600 72-22 7-17- 10-56' •40 • - truce -20 -29

Hiero I. . . . 470 ,94-15 5-49

Alexander the Great . 335 '86-77 12-99 • • • • • •

Pbilippns III. . 323 90-27 9-43
tracePhiUppus v. 200 85-15 11'12

trace trflfe

trace

'

Copper coin of Athena ? 88-34 9- 95 •uo .0/!
• - •

.

-
-

traceEgyptian, Ptolemy IX. 70 84-21 Jo o4
10 15

trace • • • •

Pompey. First Brass . 53 74-17 8-47 iJ

Coin of the Atilin
trace traceFamily 45 68-09 4-86 4.i 1 L • • • -

.
.-

ti'aceJulius and Augustiis . 42 79-13 8-00 trace • • - -

Augustus and Agrippa 30 78-45 12-96 0 0.5 trace • • • • trace

Largo Brass of the
oO

,

traceCassia Family . 20 82-26 • • •

Sword-blade

.

89-69 9-58 .QO
• • • • trace

Broken sword-blade . •• 85-62 10-02 • •

Fragment of a: sword-
blade .... 91-79 8-17 • trace • • - • trace

Broken spcar-hcad 99-71 VQ
Celt .... 90-68 7-43 {•28 trace •• •• trace -

'

Celt .... 90-18 9-81 trace

Celt .... 89-33 9-19 -33 •24

Colt .... 83-61 10-79 3-20 •08 trace •31

Large Brass of Nero . 00 81-07 1-05 17-81

Titus .... 79 83-04 •50 15-84

Hadrian 120 85-67 1-14 1-73 •74 10-85

Faustina, Jnn.
Greek Imperial Samo-

165 79-14 4-97 9-18 •23 0-27

sata .... 212 70-91 6-75 21-9G trace

Victorinns, Sen. (No. 1) 262 96-37 -99 trace trace 1-60

Victorinus, Sen. (No. 2) 262 97-13 •10 trace 1-01 1-76

Tetrius, Sen. (No. 1) . 267 98-60 •37 trace •46 •76

Tetrins, Sen. (No. 2) . 268 98-00 •51 05 ' 1-15

Claudius Gothicus,
(No. 1) 81-60 7-41 8-11 1-80

Claudius Gothicus,

I268(No. 2) 84-70 3-01 2-67 •31 trace 7-93

Tacitus (No. 1) . 86-08 3-63 4-87 4-42

Tacitus (No. 2) .
|.275 91-46 .2-31 5.-92

Probua (No. 1) .

^275
90-68 200 •61 f39 2-24

Probus (No. 2) . 94-66 •45 •45 •80 3-22

Copper, when united with half its weight of lead, forms an inferior alloy, respni-

,

bling gun-metal in colour, but it is softer and cheaper. This alloy is called pot-mctal i

and cock-metal, because it is used for largo measures and in the manufacture of tops
j

and cocks of all descriptions.
1

'

Sometimes a small quantity of zinc is added to pot-mctail ; but when this is consi-

1

derable the copper seizes the zinc tO'form brass, and leaves the lead atliberty,.a large

;

portion of which separates on cooling. Zinc and load are npt disposed to unite; but,
a little arsenic occasions them to combine.

. i

It is not a little curious to find that some of the coins of high antiquity contain
j

zinc: this must have been introduced by the use of calamine, since it does not appear;
that zinc was known as a metal before 1280 a.d., when Albertus Magnus speaks of it'

as a semi-metal, and calls the alloy. ,of .coppor and !nnc golden onarcasit£ j or: ia.th.ov,'

perhaps, he means to apply that name to zinc, from' its power of imp'arting ,a golden';
colour to copper. The probability is that calamine was kno-vvn from the earliest tinies,
as a peculiar earth, although it was not thought to be an ore of zinc or of any other;
metal.—Seo 'Watson's Chemical Essays.'

Vol.1. H
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Lead Ai.i.oTS.~Of tlio alloys of copper and lead, Mr. Holtzapffol gives the followinK

description:—Two ounces load to one pound copper produces a red-colourod and
ductile alloy.

Four ounces load to 1 pound copper gives an alloy loss red and ductile. Neither
of these is so much used as those following (p. 100), as the object is to employ as much
load as possible.

Tabular Statement of the Physical Peculiarities of the Principal Alloys, adopted, with

some alterations, from the ' Encyolopidie Technologique.'

BRITTLE METALS

Arsenio

With Zinc, rendering it

brittle.

With InoK and Steel,
hardening, wliitening,

and rendering those me-
tals susceptible of a fine

polish : much used for

steel chains and other

ornaments.

With Gold, a grey metal,

very brittle.

Witli Copper. Composed
of 62 parts of copper and
32 arsenic, a grey, bril-

liant, brittle metal. In-

creasing the quantity of

copper, the alloy be-

comes white and slightly

ductile : used in the ma-
nufacture of buttons un-

der the name of white

copper, or Tombac.

With Silver. 23 of silver

and 14 arsenic form a

greyish - white brittle

metal.

With Lead. Arsenic ren-

ders lead brittle. The
combination is very in-

timate ; not decomposed

by heat.

With Tin. Brittle, grey

lamcUated ; less fusible

than tin.

With Mercury.
interest.

Without

Antimony

This alloy is very brittle.

30 of iron and 70 of anti-

mony are fusible
;
very

hard, and white. An
alloy of two of iron and
one of antimony is very

hard and brilliant.

Forms readily a pale yel-

low alloy, breaking with

a fracture like porcelain.

Alloys readily : the alloys

are brittle. Those formed

with equal parts of the

two metals are of a fine

violet colour.

These have a strong af-

finity ; their alloys are

always brittle.

Antimony gives hardness

to lead. 24 parts of an-

timony and 76 of lead,

corresponding to Pb'Sb,

appear the point of satu-

ration of the two metals.

The alloys of antimony

and tin are very white.

They become brittle

when the arsenic is in

large quantity.

A gritty white alloy.

Bismuth

Unknown.

Doubtful.

Similar to antimony ; of a

yellow-green colour.

Pale-red brittle metal.

Alloys brittle and lamel-

lated.

The allbys of bismuth and

lead are less brittle and

more ductile than those

with antimony; but the

alloy of 3 parts of lead

and 2 of bismuth is

harder than lead. These

alloys are very fusible.

Tin and bismuth unite in

all proportions by fusion.

All the alloys are more

fusible than tin.

Mercury dissolves a largo

quantity ofbismuth with-

out losing its fluidity

;

but drops of tlio alloy

elongate, and form a tail.
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DUCTILE METALS,

InoK

With Zinc. Soe

Galvanised
Irox.

With Ikon or

Steel.

With Gold ...

With Copper

With Lead, does
not appear to

form any alloy.

With Tin. A
vory little iron

diminishes the

malleability of

tin, and gives it

hardness.

With Mkrctjky.
Merenry has no
action on iron.

Gold

A greenish-yellow

alloy, -which will

take a fine polish.

Gold and iron alloy

with ease, and
' form yellowish al-

loys, varying in

colour with the

proportions of the

metals. Three or

four parts of iron

united with one of

gold is very hard,

and is used in the

manufacture of

cutting instru-

ments.

A very brittle alloy.

A thousandth pt.

of lead is sufficient

to alter the duc-
tility of gold.

The alloys of gold
and tin are brit-

tle
;
they preserve,

however, some
ductilitywhen the
proportion of tin

does not exceed
Mercury has a most
powerful action on
gold. See Amal-
OASI,

CoppEn

See Brass.

Iron and copper- do
not form true al-

loys. When fused

together, the iron,

however, retains a
little copper.—Se-
veral methods for

coating iron with
copper and brass

will be described.

Copper and gold al-

loy in all propor-

tions, the copper
giving hardness to

the gold. This al-

loy is much used
in coin and in the

metal employed in

the manufacture
of jewellery.

Do not appear to

form a true alloy.

Ofgreatimportance.
See Bronze.

An amalgam which
isformed with dif-

ficulty, and with-
out interest.

h2

Silver

Silver and zinc com-
bine easily, form-
ing a somewhat
brittle alloy.

When 1 of silver

and 500 of steel

are fused, a very
perfect button is

formed.— Stodart

and Faraday.

Gold and silver mix
easily together

;

but they do not
appear to form a
true combination.

Jewellers often

employ Por vert,

which is composed
of 70 parts of gold
and 30 of silver,

which corresponds
very nearly to the
alloy possessing

the maximum
hardness.

Silver and copper
alloy in all propor-
tions. These al-

loys are muchused
in the arts. The
maximum hard-
ness appears to be
produced when
the alloy contains

a fifth of copper.

Unite in all propor-
tions ; but a very
small quantity of
lead will greatly
diminish the duc-
tility of silver.

Alloys readily. A
very small quan-
tity of tin destroys
the ductility of
silver.

The amalgamation
of these two me-
tals is a little less

energetic than be-
tween mercury
and gold. See
AurALCiArMATIOX.
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Six ounces lead to ono pound copper is tlio ordinary pot-raotal, called drt/pot-mcta!,

rts this quantity of load -will bo taken up without separating on cooling ; this alloy is

brittle when warmed.
Seven ounces load to one pound copper forms an alloy which is rather short, or

disposed to break.

Eight ounces load to ono pound copper is an inferior pot-metal, called wet pot-

metal, as the load partly oozos out in cooling, especially when tho now metals arc

mixed ; it is thcroforo always usual to fill tho crucible in part with old metal, and to

add new for tlio remainder. This alloy is very brittle when slightly warmed. More

load can scarcely bo used as it separates on cooling.

Antimony twenty parts and lead eighty parts form tho printing-typo of rrance

;

and load and antimony are united in various proportions to form tho type-metal of

our printers. See Type-metal.
Mr. James Nasmyth, in a letter to the 'Athonseum' (No. 1176, p. 611), directed

attention to the employment of lead, and its fitness as a substitute for all works of

art hitherto executed in bronze or marble. He says the addition of about 6 per cent,

of antimony to the lead will give it, not only great hardness, but enhance its capa-

bility to run into the most delicate details of the work.

Baron Wetterstedt's patent sheathing for ships consists of load, with 2 to 8 per

cent, of antimony ; about 3 per cent, is the usual quantity. Tho alloy is rolled out

into sheets. We are not aware that this alloy has ever been employed.

Emery wheels and grinding tools for tho lapidary are formed of an alloy of anti-

mony and lead.

Organ pipes are sometimes made of load and tin, tho latter metal being employed

to harden tho lead. The pipes, however, of tho great organ in the Town Hall a

Birmingham are principally made of sheet zinc.

Lead and arsenic form shot-metal. The usual proportions are paid to be 401bs. of

metallic arsenic to one ton of lead.

In addition to these, the alloys of iron appear of sufficient importance to require'

some further notice.
. i, i,

•

Ibok and Manganese. Mr. Mushet concludes, from his experiments, that tho^

maximum combinations of manganese and iron is 40 of tho former to 100 of thel

latter. The alloy 71-4 of tin and 28-6 of manganese is indififerenti to the magnet,
;

Ibon and Sixvek; Steel and SiLVEE.L-Various experiments have been made,

upon alloys of iron and steel with other metals. The only alloys to which sufficient,

importance has been given are those of ii'on and silver and steel and silver. JVl.

Guvton states, in the ' Annales de Chimie,' that he found iron to alloy with silver in

greater quantity than the silver -with .the iron.- 'Iron can,' he says, 'therefore no,

longer be said to refuse to mix with silver - it must, on the contrary, bo acknowledged

that those two- metals,, brought into perfect fusion, contract an actual chemical umon;

that, whilst cooUng, the heaviest metal separates for the greatest part ; that notwitn-

standing each of the two metals retains a portion of the other, as as the case in every

liquation, that the part that remains is not simply mixed or interlaid, but chemicaUy

united; lastly, that the alloy in these proportions possesses peculiar properties,

particularly a degree of hardness that may render it extremely useful for various

^^The 'experiments of Faraday and Stodart bn the alloys of iron ^nd steel arepf gr^^^

value ; the most interesting being the alloy with silver. The words of these expen-

"'.t malTng ^T^^^ .Hojs, the proportion first tried was ;! silver to 160 steel ;-

the resultSg buttons were uniformly steel and silver in fibres, the silver being liko-

tise 7y^!Xin globules during solidifying, and adhering f^^^^^^^
button • some of these, when forged, gave out more globules of silver. In this stnto

S meeham'cal mixturo'tho little bars, when exposed a damp a^^^^^^^

woduced voltaic action ; and to this we are disposed to attribute the rapid destruction

Khe moS by o^dation, no such destructive action taking place when the two meta s

So cLmSly combined. These results indicated the necessity of chminishing the

they wore detected even when 1 to, 400 was used. '^o^J^^^^s. i F

to be named. When 1 of sHvor to 500 steel were P'^oFriy
^^^^J/JJ'^iiS

button was produced ; no silver appeared on its surface ^ J'^^ed
jd

by an acid, no fibres were seen, although cx^amined
u3 iTeve^pS^

Tho specimen forged remarkably well, although very hard ;
it had n «very respect t,

most favourable appearance. By a deli«ite test ^v^ry
P"f/,j^^;° ^^'iC un-

This alloy is decidedly superior to ^^'f^'^y't '^Aifoi^^^^ been
questionably owing to a combination with a minute quantitj ot sil\er.
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MDoatodly made, and always with equal success. \ anous cutting tools havo been

made from it of the best quality. This alloy is, perhapg, only inferior to that of steel

and rhodium, and it may be procured at small oxpouse ;
the value of silver, -whore

the proportion is so small, is not worth naming ; it wU probably be applied to many

important purposes in the arts.'
_ , . ^ , ., , ^

Messrs. Faraday and Stodart show from their researches that not only silver, but

.platinum^ rhodium,, gold,, nickel, copper, and oven tin,, havo an affinity for steel suffi-

ciently strong to make them combine phemically.
_ ^

Iboit and Nickel unite in all proportions, producing soft and tenacious alloys.

Some few years since, ]\Jr. Nasmyth drew attention to the combination of silicon with

steel. Fresh interest has been exfiited'in this direction by the investigations of a

French chemist, M. St.- Claire Devillo,' who- has examined -many of the alloys of

silicon. For other alloys of iron, see Ikon. •

Ibon and SmcoN combine to form an alloy; which is a sort of fusible steel m which

carbon is replaced by silicon. • The siliciurets-aro all of them quite homogeneous, and

are not capable of being- separated -by liquation,- • •

CopPEB and Smcox united in various proportions, according to the same chemist.

A very hard, brittle, and white alloy, containing 12 per cent, .of silicon, is obtained

by melting together three parts silico-fluoride ot potassium,, one part sodium, and one

-part of copper, at such a temperature that the fused mass .remains covered with a very

liquid scoria. The copper takes up the whole of the silicon, and remains as a white

substance less fusible than silicon, which may serve as a base for other, alloys. An
aUoy with 5 per. cent, silicon has a beautiful bronze colour, and will probably receivo

important applications. •

Mr. Oxland and Mr. Truran have given, in 'Metals and their Alloys,' the follow-

ing useful tabular view of the composition of the alloys of copper. In addition to

those given, the alloy of copper and aluminium. is now most important. See Axtr-

MiNtua: Bbonze.
The principal alloys of copper with other metals are as follows :

—

Copper Zinc Tin Nickel Antimony Lead

Antique bronze sword . 87-000 13,000

„ springs 97-000 3,000

Bronze for statues .- 91-400 S's'so 1-700 • • • 1-370

„ for medals , 90-000 10-000 <

„ for cannon . 90-000 10-000

,, for cymbals . . 78-000 22-000

,, for gilding . 82-257 17-481 0-238 • « • 0-024

'» . "
.

• • 80-000 16-500 2-500
• • • 1-000

Speculum metal , 66-000 33-000

Brass for sheet 84-700 15-300

Gilding metal . . 73-730 27-270

Pinchbeck 80-200 20-000

Prince's metal . 75-000 25-000

It fi • • • 50-000 50-000

Dutch metal . 84-700 15-300

English wire . 70-290 29-260 0-17 0-28
Mosaic gold 66-000 33-000

Gun metal for bearings,

stocks, &c. . 90-300 9-670 0-03

Muntz's metal . 60-000 40-000

Good yellow brass . 66-000 33-000

Babbitt's metal for bushing 8-300 83-00 • • • 8-3

Bell metal for large bells . 80-000 20-00

Britannia metal 1-000 2'00 81-00 16-00

Nickel silver, .English 60-000 17-8 22-2

„ „ Parisian 50-000 13-6 19-3

German silver . 60-000 25-0 25-0

.
Some valuable researches on the nature of alloys were undertaken by the late

J5r. Matthiessen, the results of which are embodied in his ' Keport on the Chemical
Nature of Alloys ' {Report of the British Association for the Advancement of Science,
J863, p..37), in a discourse ' On. Alloys ' delivered before tho Chemical Society
{Joumalofthe Chem. aoc.,\2,&1,T}.20\).
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AXiZiOY, WATIva. Osmium and Iridium, in tho proportions of 72-9 of the

former and 21-6 of tho latter. See Osmium, Iuidium.
AXiXiSPXCE. Pimento, or Jamaica popper, bo called because its flavour is thought

to coniprchond tho flavour of cinnamon, cloves, and nutmofjfH. Tho tree pnxlueiug
this spico {Eugenia pimenta) is cultivated in Jamaica in what are called Pimento
walks. It is imported in bags, almost entirely from Jamaica. Mr, Mont^»omery
Martin informs us that pimento was exported in one year (1837) from tho different
districts of Jamaica as follows.- (See Pimento, Peppeu.)

Kingston and Old Harbour ..... 6,027 bags.
Morant Bay and Port Morant 141 „
Port Antonio 1,259 „
Port Marva and Annotto Bay 3,194 „
Falmouth, Eio Bueno, and St. Ann's Bay . . 28,188 „
Montego Bay and Lucca 3,106 „
Sav-la-Mar and Black Biver 3,622 „

AXXiWrirM. (Allico, to wash upon ; or alluvia, an inundation.) Earth, sand,
gravel, stones, and other transported matter which has been washed away, and
thrown down—by rivers, floods, or other causes—upon land not permanently sub-
merged beneath the waters of lakes or seas.

—

Lyell.

AZ.X.7I.. C- H'" (C8 H'"). This radical exists in the oils of mustard and garlic,

but is usually obtained by the decomposition of the iodide of allyl, which is obtained

by acting on glycerine with iodine and phosphorus.

AltltTtlt, SiriPHIBE OF. This compound is contained in the essential oils

produced by distilling with water the leaves and seeds of various plants of tho

-liliaceous and cruciferous orders. It forms the principal constituent of the oil

obtained from the bulbs of garlic {Allium Cepa). It is also found with oil ofmustard
in the leaves and seed of Thlaspi arvense. The Alliaria officinalis distilled yields 90

per cent, of oil of mustard and 10 per cent, of oil of garlic ; small quantities are also

obtained from the Shepherd's purse, Capsella Bursa pastoris, and other plants. Tho
power of the sulphide ofAllyl to precipitate some of the metals appears likely to render

it of use in the arts. The following are some of the more important :

—

Gold precipitate, a beautiful yellow, and films of gold. Platinum precipitate, a

yellowish-brown precipitate, which forms a Kermes brown with hydrosulphide of

.ammonium. Silver precipitate, a dark brown, becoming eventually sulphide of

silver.

AXiKYXiAMCZNE. See AcGYiAMiXE.
AliAIAGRZIRITE. An anhydrous sulphate of zinc, described by Breithaupt.

It occurs in crystals belonging to tho rhombic system, at the Barranca Jarosa Mine,

in the Sierra Aimagrera, in Southern Spain.
, .

_

AKlMCAirSIlirE, or iron-alumina-garnet, is a silicate of alumina and iron, com-

bined in the following proportions : silica 36'3, alumina 20-66, protoxide of iron 43-2.

It occurs in Greenland, Ceylon, and the Brazils ; when cut and p9li8hed, it forms a

beautiful gem.
The name is probably derived from the Alabandic carbuncles of Pliny, which were

cut and polished at Alabanda. Several localities for garnets in Devonshire and Cornwall

are given by Mr. Collins in his excellent ' Handbook to the Mineralogy ' of these

counties ; but it is doubtful if the specimens found in Cornwall are true almandine—

therefore those localities are given under Garnet. See Gabket.

AXiMONB. (Amande, Fr. ;
Mandel, Ger. ;

Amygdalus comnumis.) De Candollo

admits five varieties of this species. A. amara, bitter almond;.^, dulcis, sweet

almond; A. fragilis, tender-shelled abnond; A. wacrocar^ja, . large-fruited almond;

A. persicoides, peach almond. There are two kinds of almond usually employed,

which do not differ in chemical composition, only that the bitter. by a curious chemical

reaction Of its constituents, generates in the act of distillation a quantity of volatile

oil which contains hydrocyanic acid. Vogol obtained from bitter almonds 8-5 per

cent, of husks. After pounding the kernels, and heating them to coagulate the albu-

men, he procured, by expression, 28 parts of an unctuous oil, which did not coptiiin

the smallest particle of hydrocyanic acid. The whole of tjie oi; could not be extracted

in this way. The expressed mass, treated with boiling water, afforded sugar and gum,

and, in consequence of the heat, some of that acid. Tho sugar constitutes 6-o per

cent, and the gum 3. The vegetable albumen extracted, by means of caustic potasli,

amounted to 30 parts : tho vegetable fibre to only 5. The poisonous aromatic oil,

according to Eobiquet and Boutron-Charlard, does not exist ready-formed in the bitter

almond, but seems to be produced under tho influence of ebullition with water. These

chemists have shown—
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1st, That noithor bitter almonds nor their rosidixary cako yield any volatile oil by

They yield no oil when digested in alcohol or in ether, though the volatile oil

is soluble in both these liquids.
. j y x,

3rd Alcohol extracts from bitter-almond cake, sugar, resin, and amygdalin; when

the latter substance lias been removed, the cake is no longer capable of furnishing the

volatile oil by distillation.
^.i,

• ^A

4th Ether extracts no amygdalin, and the cake left, after digestion m ether, yields

the volatile oil by distillation with water; but alcohol dissolves out a peculiar white

crystalline body, without smell, of a sweetish taste at first, and afterwards bitter, to

which they gave the name of amygdalin. This substance does not seem convertible

into volatile o\\.—Fereira. See Watts's ' Dictionary of Chemistry.'
,

Sweet almonds, by the analysis of BouUay, consist of 54 parts of the bland almond

oil 6 of uncrystallisable sugar, 3 of gum, 24 of vegetable albumen, 24 of woody fibre,

5 of husks, 3'5 of water, 0-5 of acetic acid, including loss. We thus see that sweet

alraondfl contain nearly twice as much oil as bitter almonds do.

Three varieties are known in commerce.

1. Jordan Almonds, which are the finest, come from Malaga. Of these there are

two kinds : the one above an inch in length, flat, with a clear brown cuticle, sweet,

mucilaginous, and rather tough ; the other more plump and pointed at one end, brittle,

but equally sweet with the former.

2. Valentia almonds are about three-eighths of an inch broad, not quite an inch

long, round at one end, and obtusely pointed at the other, flat, of a dingy brown colour

and dusty cuticle.

3. Barbary and Italian almonds resemble the latter, but are generally smaller and

less flattened.

—

Brands, Dictionary of Pharmacy.

Our imj)ortation and erportation of AiMomis in 1871 were as follows

litPOHTS. 1871i

Countries from which imported Quantity Value

Portugal and Azores ....
Spain and Canary Islands .

Austrian Territories ....
Other Countries

Total .

Cwta.

4,428

5,156

18,309

7,943

1,788

33,934

266

1,075

£
15,261

15,882

76,395

26,564

7,932

92,279
550

3,210

72,899 238,073

Exports.

Counttica to which exported Quantity Value

Other Countries

Total .

1

Cwts.

5,594

10,821

4,848

1,609

5,820

£
16,489

36,429

14,806

4,645

19,717

28,692 92,086

AXiMOWB OZXi, BZTTBK. Oil ofbitter almonds. Essential oil ofbitter almonds.

( Oleum Amygdala Amarce.)

After the fixed oil has been expressed from the bitter almonds, the residual cake
is mixed with water and distilled. A volatile oil comes over. It has been con-
vincingly proved that this fine-flavoured essential oil is produced during the process,
by some decomposition of the amygdalin and the emulsion of the seeds. It is highly
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'poisonous, o-ning to the presonco of hydrocyanic acid. Soo Bunzoic Acid,
Benzole, &c.
AXiMOarB OIX, SWBBT. a bland fixed oil, obtained l^y exprcBBion from

bitter or swoot uhiioiulK—UHUfilly from the former, on account of their cheapness uk
Avoll as the greater value of the residual cake. The average produce is from 48 V)
62 lbs. from 1 cwt. of almonds.

This is commonly known as Oil of sweet almonds, the Oleum AmygdaltE of the
Pharmacopoeia. When first obtained it is opaque, and of a yellow colour ; but it

speedily becomes quite transparent, and is bleached by exposure to light. This oil

has a bland taste, and does not congeal at a temperature which solidifios olive-oil.

It is often sold for nut-oil, which is supposed to possess this property of remaining
fluid in an eminent degree.

AXiMOirS POWDSK {farina amygdalcB) is the ground almond cake after the

oil has been expressed ; it is employed for washing the hands, and it is used by chemists
ns a lute to connect the parts of their distillatory apparatus together.

AXiOE. (Aloes, Fr.
;

Aloe, Ger.) In botany a genus of the order lAliacew,

There are many species, all natives of warm climates.

In Africa the leaves of the Guinea aloe are made into durable ropes. Of one species

are made lines, bowstrings, stockings, and hammocks ; the leaves of another species

are used to hold rain-water. A series of trials has been made, within a few years, in

Paris, to ascertain the comparative strength of cables made of hemp and of the aloe

from Algiers ; and they are said to have all turned to the advantage of the aloe. Of
cables of equal size, that made of aloe raised a weight of 2,000 kilogrammes (2

tons nearly), that made of hemp a weight of only 400 kilogrammes. The fibre of the

aloe IB used extensively in Belgium for the ropes used for winding the coal from the

very deep coal-pits of Charleroi. The Belgium engineers state that they could not

raise the coal with equal facility and safety with any other kind of rope.

The following varieties of the inspissated juices of the Aloe—called Axoes, and

often BiTTEE AxoES—are known ip commerce : Socotrine, Hepatic, Barbadoes, Cape,

Mocha, Caialline, and Indian. The Socotrine Aloes are regarded as the best kind,

but that from Barbadoes is the most abundant, and much of it is sold as Socotrine.

The Barbadoes Aloes are imported from Barbadoes or Jamaica, usually in gourds

weighing from 60 to 70 pounds, but sometimes in boxes holding about half a hundred-

weight.

It is believed that Socotrine aloes are obtained 'from'Aloe "Socotrina, Barbadoes aloes

from A. vulgaris. Cape aloes from A. spicata and its allies, and Indian aloes from A.

Indica ; but the botanical source of some of the commercial varieties of aloes is not

definitely known.
A patent was taken (January 27, 1847) for certain applications of aloes to dyeing.

Although it has not been employed, the colouring matter so obtained promising to bo

very permanent and intense, it is thought advisable to describe the process by which

it was proposed to prepare the dye. It is as follows :—
Into a boiler or vessel capable of holding about 100 gallons, the patentee^ puts 10

gallons of water, and 132 lbs. of aloes, and heats the sa,me until the aloes are dissolved

;

he then adds 80 lbs. of nitric or nitrous acid in small proportions at a time, to pre-

vent the disengagement of such a quantity of nitrous gas as would tlirow part of the

contents out of the boiler. When the whole of the acid has been introduced, and the

disengagement of gas has ceased, 10 lbs. of liquid caustic soda, or potash of commerce,

of about 30°, are added to neutralise any undecomposed acid remaining in the mjx-

ture, and to facilitate the use of the mixture in dyeing and printing. If the colouring

matter is required to be in a dry state, the mixture may bo incorporated with 100 lbs.

'of china-clay, and dried in stoves, or by means of a current of air.
_
The colouring

matter is used in dyeing by dissolving a sufficient quantity 9f water, according to the

shade reqxiired, and adding as much hydrochloric acid or tartar of commerce as will

neutralise the alkali contained in the mixture, and loayo the dye^bath slightly acidu-

lated. The articles to be dyed are introduced 'into the bath, which is kept boiling

until the desired shade is obtained.
• • . i

When the colouring matter is to bo used in printing, a sufficient quantity is to bo

dissolved in water, according to the shade required to be produced ;
this solution is to

bo thickened with gum, or other common thickening agent, and hydrochloric acid, or

tartar of commerce, or any other suitable supersalt, is to bo added thereto. After the

fabrics have been printed with the colouring matter,, they should bo subjected to the

ordinary process of steaming, to fix the colour.

—

Napier.
i.- v i,

: AxoETic Acid. The colouring matter of the aloes depends on this acid, which has

been examined by Schunck and Mulder. Aloetic acid is deposited from nitric acid,

which has boon heated with aloes, as a yellow powder : it dissolves in nmmoma with

a violet colour; when treated ^vith protochloride of tin it forms a dark-violot heavy

1
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nowder- and this again, when treated with potash, evolves ammpma and assumes a

Sot-biuo colour. This solution of aloetic acid in ammonia is violet.

AiPACA. (Alpaga. Fr.) An animal of Peru, of the Llama species
;
also tho

name 'nven to a woollen fabric woven from the wool of this animal, or a mixture of

Bilkv goat's hair Avith the harsher fibre of sheep's wool. See Llama.
_

AISTOWITE. A double carbonate of lime and baryta, crystallising in the

m.isn,atic or orthorhombic system. It occurs at Fallowfiold, near Iloxham, in

Northumborland ; and at Bromley Hill, near Alston, in Cumberland.
,

, ^

AI.xn>EIi. The aludels of the earlier chemists were a series of pear-shaped pots,

conorally made of earthenware, but sometimes of glass, open at both ends. Each

aludol had a short neck at top and bottom, so that a series of them could be fitted

to<rother, by means of the neck, in succession. The earthenware pear-shaped vessels

in°which tho mercurial vapours are condensed, at Almaden, in Spam, are also known

as aludols. See Mercuey.
. , , ,^ ... ^ i • „

A1.UM. (Alun, Fr.; Alaun, Ger.) A saline body or salt, consisting of alumina^,

or tlie peculiar earth of clay, united with sulphuric acid, and these again united

with sulphate of potash or of ammonia. In other words, it is a double salt, con-

Bistin" of sulphate of alumina and sulphate of potash, or sulphate of alumina and

sulphate of ammonia. The common alum crystallises in octahedrons, but there is a

kind which takes the form of cubes. It has a sour or rather subacid taste, and is

peculiarly asti-ingent. It reddens the blue colour of litmus or red cabbage, and acts

like an acid on many substances. Other alkalis may take the place of the ammonia

or potash, and other metals that of the aluminium.

Alum was known to the ancients, who used it in medicine, as it is now used, and

also as a mordant in dyeing and calico-printing, as at the present day. Old historians

.do not describe correctly, either the mode of obtaining it or its exact characteristics,

so that it is confounded with sulphate of iron, with which it seems_ generally to have

been mixed. But that some qualities were made with very little iron in it, is clear

from the fact that it was employed when white for dyeing bright colours. {Pliny,

xxx^-. 15.) It is said by Pliny that the purchasers tested it with tannin (pomegranate

juice), in order to see if it blackened. He says that the white kind blackened as w-ell

as the black ; but in all probability this was a test applied by the dyers to see which

blackened least, so as to obtain a good mordant for reds. Pliny's description,

although confused, leaves this fact perfectly clear—that there were men in whose

minds the knowledge was much clearer than in his, or a manufacture of such magni-

tude could not have existed. There is mention of some being made from stone, and

crystallising in fine hairs, but the characteristics given do not enable us to decide

that this was either alum or the peculiar sulphate of alumina which takes that form.

The alum was sometimes boiled down to dryness, and heated till it was spongy or

like pumice-stone. It was used as burnt alum.

The ancients used it also for preventing the combustibility of wood and wooden

buildings. But although the knowledge of it was very accurate, their writers always

imagine that sulphate of iron was a kind of alum, because it is said that the black alum
was used for dyeing dark colours. They used iron as a mordant, atad found its character

by galls or by pomegranate juice, which contains tannin. Their alum was chiefly a

natural production, and they removed the fine eflorescing crystals which first

appeared, or which gradually are raised above the rest, as the finest kind. *It was
produced in Spain, Egypt, Armenia, Macedonia, Pontus, and Africa ; tho islands

Sardinia, Melos, Lipari, and Stromboli. The best was got in Egypt, the next in

Melos.' The word is probably Egyptian, as it was best and most abundantly
obtained in Egypt. It is not probable that it was the double salt in all cases, but
simply a sulphate of alumina. Pliny, indeed, says that a substance called in Greek
frypa, or watery, probably from its very soluble nature, and which was inilk-white,

was used for dyeing wool of bright colours. This may have been, the mountain
hitler of the German mineralogists, which is a native sulphate of alumina, iron, &c., of a
soft texture, waxy lustre, and unctuous to the touch. The styptcria of Dioscorides

and the alumen of Pliny " comprehended, no doubt, a variety of saline substances

besides sulphate of iron and alum.

It seems to have come to Europe in later times as alum of Focca, the name of
Edessa, or that place where the Italians first learnt the art ; but it is not impossible
that this name was an Italian prefix, which has remained to this day under the form
of Boc/c alum, Allume di rocca. The East has always had some manufactures
of it, and Phocis, Lesbos, and other places, were able to supply the Turks with
alum for their magnificent Turkey red. It was also made at Foya Nova, near
Smyrna, and at Constantinople. The Genoese and other trading people of Italy
imported alum into Western Europe for the use of the dyers of red cloth.

A Genoese merchant, Bartholomew Perdix, who had been in Syria, observed a
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Btono smtoblo foi> alum in tho island lecliia ; ho burnt it, and obtained a good roBult
being tho first who introduced tho manufacture into Europe. This was in tho year
1450

;
about tho Bamo time John di CiiBtro loarnt tho method at Constantinoplo, and

maniifacturod alum at Tolfa. This discovery of tho mineral near Civita Vecchia was
COHBidorod bo important by John di Castro, that ho announced it to tho Popo us a
great victory over tho Turks, who annually took from tho Christians 300,000 pieces
of gold for their dyod wool. A statue was erected to the • DiBcovcror of Alum.'—
lieckman.

The manufacture of alum was then made a monopoly of tho Papal Powers, and
instead of buying it as before from the East, it was considered Christian to obtiin it

only iTom the States of the Church, and, as such, was made compulBory in the AVoKt.
The manufacture then wont to Spain, to a spot near Carthagona. Germany l)og(in

BO oarly as 1554 to mako alum, although Basil Valentine sooms to have known of its

existence there somewhat sooner. The first establishment known was at Oberkauf-
ungen in Hesse-Cassel, whore it still exists. It was not introduced as a manufacture
into England until the year 1600, when Sir Thomas Chalonor, tho son of Queen
Elizabeth's minister of that name, found that his own estate of Guisborough, in
Yorkshire, contained alum. This ho is said first to have observed from tho
vegetation, which had a very weak green. Di Castro had first boon led to it

by the appearance of the holly, but neither can be said to bo decisive tests of its

presence, nor are the geological features of Tolfa and Guisborough at all alike. Tho
violent denunciations of tho Pope did not prevent tho manufacture from growing to

unexpected magnitude in England. The mines of the same district have ever since

sent out alum, wliich is now known as Whitby alum, and even those at Giusborough
itself are now at work, although for seventy years of the period since their discovery

they were disused. The maniifacture was begun at Hurlot, in Scotland, by Nicholson
and Lightbody, in 1766, abandoned, and resumed by Macintosh and Wilson in 1797.

Tho chemical composition of alum varies with the nature of the bases present, but
all alums are constructed on a common type, expressed by the general formula

MO. SO'. M^O'. 3S0' + 24HO. They are, therefore, double sulphates, containing both

a protoxide and a sesquioxide, combined with a constant number of molecules of water.

The protoxide is generally an alkali—usually potash or ammonia—but other alums
are known, though at present of no importance in the arts, in which the metal of tho

protoxide is silver, thallium, caesium, or rubidium. On tho other band, the sesqui-

oxide, though generally alumina, may take the form of sesquioxide of iron, of

manganese, or of chromium. It is desirable to exhibit this relation between some of

the more important alums ;
and, as the formulae representing these double salts are

somewhat complex, it may be useful to compare their symbolic expressions con-

structed with both the old and the new atomic weights :

—

Potash alum . .

Soda alum
Ammonia alum
Iron alum
Chrome alum

.

Manganese alum .

Old formul® New formulae

KO.SO.'Al='0^3S03 + 24HO
Na0.S0'.Al'0».3S0' + 24HO
NH^O.SO'.APO».3SOs + 24HO
KO.SO'.Ee^O'.SSO' + 24HO
KO.SO'.Cr20'.3SO' + 24HO
K0.S0'.Mn-0''.3S0'-t- 24HO

XAI2(S0*) + 12H=0
XraAI2(80*) -t- X2B-0
lirB<A12(SO^) + 12H-0
KFe2(SO*) + 12H-0
XCr2(SO') + 12H^O
XMn2(SO*) + 12H:o

[
ouipnate oi poiasn . io-o^ or i

- or < Sulphate of alumina . 36*21 „ 1

l_Water 45-48 „ 1

3-29 alum
9-52 „

22-01 „
30-92 „
90-67 „

357-48 „

172

216

The composition of T^me 'potash-ahm raa,y he represented centesimally and atomi

cally as follows :

—

Per Cent. Per Cent.

Potash . . 9-89 or 1 atom 47
"I

r Sulphate of potash . 18-32 or 1 atom 27
Alumina . 10-94 „ 1 „ 52 1 - -^T .

Sulphuric acid 33-68 „ 4 „ 160

Water . . 45-49 „ 24 „ 216

,

Its specific gravity is 1-724.

100 parts of water dissolve, at 32 degrees Fahrenheit,

50

86 „ 11

122 ,, it

158
212

These Tables of Poggiale should bo re-examined, and gradations made more useful

for this country.
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4-5

2-2

2-0

0-4

0-1

0-06

One part of crystallised potash alum is soluble—

At S4 degrees Fahrenheit in 13-3 parts of water.

„ 70 - 8-2

77

„ 100

„ 122

., 145

167

„ 189-5

A solution saturated at 46° is 1-045 specific gravity. This difference the jate

of soSiUty in hot and cold wat«r renders it easily separated from many other salts

?he o-Ss are permanent in the air, or nearly so, unless the air be very di-y; if

kept they lose 18 atoms of water, but alum deprived of its water, and exposed

S the ai of sunLer, t«ok up 18 atoms in 47 days. It melts at a low temperature m
£ water of crystallisation. At 356° it loses 43-5 per cent, of jater or 23 atoms

;
the

St atom is only lost when approaching red heat. At a red heat the sulphate of

alumina loses its acid, and the alumina seems then able to remove some acid from the

potash, losing it again by heat. Alum, when heated with common salt, acts like

sulphuric acid, and gives ofif muriatic acid ; the same with chlorides of potassium and

ammonium. If boiled with a saturated solution of chloride of potassium hydi-ochloric

acid is formed and a subsulphate of alumina falls down ;
this occurs only to a small

extent with chloride of sodium, and still less with sal-ammomac.
_

Ammonia-Alum, which is now very extensively prepared, contains :—

Ammonia 3-75 per cent.

Alumina 11-34 „

Sulphuric acid 35-29 „

Water 49-62 „

100-00

This salt also occurs in octahedrons, and can only bo known from potash-alum by

trial. The addition of caustic lime, soda, or potash gives out the ammoma, easily

distinguished by the smell. Ammonia-alum readily loses all its ammonia when

heated, and the sulphuric acid may be driven off from the remaining sulphate of

alumina, so that the pure earth, alumina, will remain.

The greater proportion of the alum at present used in this country is ammonia-alum

—an abundant and convenient source of ammonia being furnished by the ammoniacal

liquor obtained in the manufacture of coal-gas. In commerce ammonia and potash-

alums are sometimes found mixed.

Soda-alum is not an article of commerce, nor is it used in the arts. Nevertheless,

the great commercial value of compounds of potash or of ammonia renders it ob-

Anously desirable to replace them, if possible, by the cheaper compounds of soda. The
cost of sulphate of soda, for example, is trifling compared with that of sulphate of

potash or of ammonia—the latter salts being especially in demand by the agriculturist

as fertilising agents. Some experiments on the formation and crystallisation of soda-

alum were undertaken a few years ago by Mr. J. Carter Bell. Up to the present

time, however, there appear to have been great difficulties in the manufacture of

this kind of alum, especially in respect to its crystallisation, but these difficulties

may not bo altogether insuperable. Mr. J. Berger Spence, who has studied the

preparation of soda-alum, remarks that ' it may ultimately, now that the practica-

bility of producing soda-alum on the commercial scale has been demonstrated, even

with all the difficulty of crystallisation, be a more economical way of producing this

double salt.'

'

For the composition of potash-, soda- and ammonia-alums found ready formed in

nature, see Altjm, Native.

Applications of Alum.—Alum is an astringent. Its immediate effect on man is to

corrugate the fibres and contract the small vessels. It precipitates albuminous liquids

and combines with gelatine. It causes dryness of the mouth and throat, and checks
the secretions of the alimentary canal, producing constipation—in largo quantities,

nausea, vomiting, and purging. It is given in lead colic, to convert the lead into

sulphate of lead, and is used externally. Its principal use is in dyeing
; calico-printers

print it as a mordant ; the cloth is then put into the dye, and the printed parts
absorb the colour.

It is largely employed by the calico-printer in the preparation of acetate of alumina

: * On tho Phenomena of the Crystallisation of a Double Salt, by J. Berger Sponce, F.C.S.—' Chcra-
«Ml News,' vol. xxli. 1870, p. 181.
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by procipitoting a solution of ulum with sugar of load. Papor-makors use alum inthoir Bizo, and bookbinders in thoir paste. It is used in tanning leather, and somotimes, both in Asia and Europe, it is used for precipitating rapidly the impurities ofwater. I his is a dangerous process, unless there be a groat amount of alkaline salteBuch as carbonate of lime or soda, to neutralise the acid. It is extensively used in
correcting the baking qualities of bad flour, for which the experience of many has
decided that it is a valuable remedy

; unfortunately, it is also used to make excellent
flour wliitor, when there is no need of its presence. Liebig says that lime is equallv
good, and of course much safer. It is also used in the adulteration of beer. From
time immemorial it has been used to prevent the combustibility of wood and cloth
Milner's fire-proof safes are said to bo lined with a mixture of alum and sulphate of liino.'
Alum heated with charcoal or carbonaceous substances forms Homborg's phosJ

phorus, which inflames spontaneously. It is compoBed of alumina, sulphide of
potassium, and charcoal.

Burnt Alum, or dried alum, is made by gently heating alum till the water is drivon •

ofF, The alum first melts in its water of crystallisation, and is then dried. It has a
stronger action tlian the hydratod crystals, and is a mild escha rotic. It reabsorbs water.

Neutral Alum is a name sometimes given erroneously to alum which has had some
of its acid neutralised by an alkali. It is in fact a basic salt of alumina, which may
also be made by dissolving alumina in ordinary alum. It deposits a basic salt more
readily than ordinary alum, and may bo of service in some cases of printing.'
Properly speaking, the common alum is the neutral salt.

'

Testing of Alum.—Alum being generally in largo crystals, any impurity is more
readily seen ; thi« is said to be the reason for keeping up the practice of making this
substance instead of the sulphate of aluipina ^lono^ which is less bulky and fitted for
nearly every purpose for which alum is .used. But probably the ancient accidental
discovery of the potash form hi^s det?rminpd its, use tp the present day. Iron is readily
found in it, by adcling to a dilute solution ferropyani(^o of potassium or yellow prussiate
of potash, which throws down Prussian-blue. A very delicate test is sulphide of ammo-
nium, which throws down both the alumina and iron, but the blacking of the precipitate
depends on the amount of iron. The total amount of iron is got by adding pure
caustic potash or soda till the solution is strongly alkaline, washing and filtering off

the oxide. To look for lime, precipitate the alumina and iron by ammonia, boil

and filter—the lime and magnesia are in the solution—add oxalate of ammonia
{

add tartaric acid to keep up the iron and alumina, make alkaline by ammonia, then
precipitate the lime by oxalate of ammonia, filter, and precipitate the magnesia by a
phosphate. Silica and insoluble basic sulphates are obtained by simply dissolving the
alum in water and filtering. If silica, it is insoluble in acids ; if a basic sulphate, it

will dissolve in sulphuric acid, and the addition of sulphate of potash or ammonia will

convert it into potash- or ammonia-alum.
Pure alum gives a white precipitate with ammonia, no precipitate with sulphuretted

hydrogen gas, and no precipitate with oxalate of ammonia and ammonia, if tartaric

acid be previously added.

The addition of ammonia to a solution of alum, or the addition of any other alkali,

in insufficient quantity, causes a precipitate, not of pure alumina, as one might
suppose, but of a subsulphate of alumina. Even an excess of alkali will not remove
all the sulphuric acid without heat being applied ; an excess, on the other hand, is

apt to dissolve some of the alumina, especially if few salts are present, and the

solution not much boiled. Sulphide of ammonium precipitates it thoroughly.

In a saturated solution of torsulphate of alumina, the crystals of alum are almost

insoluble.

If we dissolve ahim in 20 parts of water, and drop this solution slowly into water of

caustic ammonia till this bo nearly, but not entirely, satm-ated, a bulky white preci-

pitate will fall down, which, when properly washed with water, is pure altuninous

earth or hydrate of alumina ; and, dried, forms 10 '94 per cent, of the weight of the

alum. If this earth, while still moist, be dissolved in dilute sulphuric acid, it will

constitute, when as neutral as possible, simple sulphate of alumina, which requires

only two parts of cold water for its solution. If we now decompose this solution, by

pouring into it water of ammonia, there appears an insoluble white powder, which is

subsulphate of alumina, or basic alum, and contains three times as much earth as

exists in the noutral sulphate. If, however, we pour into the solution of the neutral

sulphate of alumina a solution of sulphate of potash, a wliite powder will fall if the

solutions be concentrated, which is true alum ; if the solutions be dilute, by evapora-

ting their mixture, and cooling it, crystals of alum will be obtained.

When newly precipitated alumina is boiled in a solution of alum, a portion of the

earth enters into combination with tlie salt, constituting an insoluble compound which

falls in the form of a white powder. The sarao combination takes place, if wo decoin-
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1
-1-

1 f cnlnMon of alum with a solution of potash, till tho mixto^
pose aboihng hot olut^^^^^^^

^^^^^^^ ^l^.^ ^1,,^ exists uative an the.

nearly neutral by litm^^^^^
ic/ou,.)

. , , ,

alum-stone of lolia,
^iy"'„^..f difficulty in manufacturing alum has been the

Ores or Haw Matenal.-The
""^l^l^f^f'^^^^^ combined ^vith silica in sucli a

solution of the alumina This
^^^^frnnorre^^^ it without assistance,

strong combination, tiiat ^^^^ P^^^^^^^S ofrhese and obtained the.

The Slder "^^thods however took no n^^^^^^^ of ti^^ese ^^c
^^^^ ^^^^^^^^^

alum more or less f^^'^tly
from n^^^

simply to tele the efflorescence and the earth

di Pozzuoh and m the island
But it very seldom contains a

containing it, wash it ^^h
1^^^^^ of po4sh i? then added, chiefly

IS decomposed, ^he i^se ot a carora
obtained the whole

ancients would ^^^1°
.^^^oS '^fSfo^^^^ been basic sulphate of alumina.

'"Itam mdy formed in mtur. in tH, alnm-stone, of Italy &c.,
f

to the
'^X?!.^ Xments of the salt, but mixed with other matters, from which it

'"""S'L Led ThTschists conS only the elements of two of the constituents,

namely iayl^dXhu^^^^^ conyertible into sulphate of alumina, and this

°lyt'ttn' madeTXalAm by adding tlio alkaline ingredient. To this class belong

Se alum-slates, and other analogous schists, containing brown coal. Alum has ot

kte years been very extensively prepared by Spence's process, in which the raw

mSerial is a ybonaceous shale from the coal-measures. Quite recen ly a new

0 • alum manufacture has been introduced, n ^hich the raw material is a

Suceous phosphate of alumina and iron from Kedonda m the West Indies. Each of

these methods of manufacturing alum will now be separately described.
_

1. Manufacture of Alum froin the ^Zzem-S^one.-The -^toj^e or alumte is a

mineral of'limited occui-rence, being found in moderate quantity at Tolfa (near On]t<i

Vecchia, in the Eoman States), and in larger quantity m Hungary, at Beregszaz and

Muszay where it forms entire beds in a hard substance, partly characterized by

numerous cavities, containing drusy crystallisations of pure alum-stone or basic alum.

It is also found in the Isle of Milo and elsewhere in the Grecian Archipelago.

The alum-stone appears to be confined to volcanic districts, where it is formed by

the action of sulphurous acid gas and stoam on trachytic and other felspathic rocks.

The ordinary alum-stone is a massive rock, often cellular m texture, and sometimes

sufficiently hard to be employed as a millstone.
, . ,i •

The composition of ordinary alum-stone is fairly represented by the following

selection of analyses :-—

Klaprotli Rammelsberg Klaproth Descotils Cordier

Tolfa, Tolfa, Beregszaz, Montiofte, Montd'Or,

Italy Italy Hungary Tuscany France

Silica 66-5 1-94 62-3 28'4

Alumina . • 19'0 34-02 17-5 40-0 31-8

Sulphuric acid . 16-5 36-94 12-5 35-6 27-0 .

Potash 4-0 10-38 1-0 13-8 6-8

"Water 3-0 16-72 5-0 10-0 3-7

Peroxide of iron • • • « • •
1-4

The older analysts examined the rock as a whole, including all impurities, and

hence the proportion of silica in their determinations appears much higher than in

the more recent analyses, which' relate to the alunite alone, separated as far as

possible from mechanically-associatod quartzose matter.

The purest specimens of aliinite, which exhibit the mineral in rhombohodral

crystals, consist of a basic feulphate of alumina with sulphate of potash, referable t6

the foraula : KO. SO' + 3 (AP 0». S0») + 6 HO {1S.A.V S' O" 4- 3K» O).
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ouS; S?' ^7"^ ^''"'^ diHsomiuatod through thoxn, and are, according'tSqu ilit,y. oithor picked out to make alum, or tlirown away. Tho sorted pieces

Jh.U '^^P'^'^^" of alumina, loses its water and its affinity for alum. It becomes

dS r*. T' subsequent exposure to the weather the stone2disintegrated, and tho alum becomes soluble in water.
^

The calcination is performed in common limekilns in tho ordinary way. In theregulation of the fire it is requisite, hero, as with gypsum, to prevent an/ fusion Srunning togetlier of the stones, or even any disengagement of silphuric or sulplluJoS
acids, whicli would cause a corresponding diminution in the produce of alum, kr tliisreason the contact of the ignited stones with carbonaceous matter ought to be avoided.The calcined alum-stones, piled in heaps from 2 to 3 feet high, are to bo exposed
to tho weather, and meanwliile they must be continually kept moist by sprinklinethem with water As the water combines with the alum the stones crumble doM-nand fall, eventually, into a pasty mass, which must be lixiviated with warm wat«rand allowed to settle in a large cistern. The clear supernatant liquor, being druMiI
oil, IS to bo evaporated, and then crystallised. A second crystallisation finishes tlio
process, and furnishes a marketable alum. Thus the Koman alum is made, which is
covered with a fine red film of peroxide of iron.
Roman Alum crystallises—partly in octahedrons, like other alums, partly in cubes,

li these ciibes are cbssolved in water of about 110° F., the evaporated liquid gives
crystals of common or octahecb-al alum. It was said that on heating, it deposited
subsulphate of alumina

; but Loewel says that such crystals were impure, and he finds
no real difference of composition. All that seems to be known with certainty is, that
It IS formed when there is a salt of alumina in solution with the alum containing
more alumina than the neutral or common alum. This can very readily occur in the
Koman alum, where there is a great excess of alumina in the alum-stone. Tho
Koman alum is prized for its great freedom from iron ; it was said by JIM. Thenard
and Roard to contain only^th of sulphate of iron, whilst the ordinary alum contained

II. Alum Manufacture from Alum- Schist.—The greater portion of the alum found
in British commerce was until recently made from alum-slate and analogous substances.
This slate contains more or less iron pyrites, mixed with coaly or bituminous matter,
which is occasionally so abundant as to render tho schist somewhat combustible. In
the strata of brown coal and bituminous wood, where the upper layers lie immediately
under clay beds, they consist of the coaly substance rendered impure with clay and
pyrites. This triple mixture constitutes the essence of all good alum-schists, and it

operates spontaneously towards tho production of sulphate of alumina. The coal,
besides burning, serves to make the texture open, and to allow the air and moisture
to penetrate freely, so as to change the sulphur and iron present into acid and oxide.
When these schists are exposed to a high temperature in contact with air, the pyrites
loses one-half of its sulphur, in the form of sublimed sulphur or of sulphurous acid,

and becomes a black sulphide of iron, wliich speedily attracts oxygen, and changes to
sulphate of iron, or green vitriol. The brown-coal schists contain, commonly, some
green vitriol crystals spontaneously formed in them. The sulphate ofiron transfers its

acid to the clay, progressively, as the iron, by the action of the air with a little eleva-

tion of temperature, becomes peroxidised
;
whereby sulphate of alumina is produced.

A portion of the green vitriol remains, however, undecomposed, and so much the more
as there may happen to be less of other salifiable bases present in the clay-slate.

Should a little magnesia or lime be present, tho vitriol gets more completely decom-
posed, and a portion of Epsom salt and gypsum is produced.

The production of alum from alum-stone, in which the whole ingredients have been
found, has been far from enough for the supply of the world, and recourse has been
had to substances very different in composition,—alum-shale, or schist, and clay.

Until within a few years the only supply of alum in Britain has been from the lias

shales of Whitby, and the lower coal-measures of Campsie and Hurlet, near Glasgow,

and they are still the only places where it is manufactured from the ' ore,' as it is

called.

Tho manufacture of alum from alum-schists may be described under the six follow-

'ing heads;—1. Tho preparation of the alum-shale. 2. The lixiviation of the shale.

8. The evaporation of the lixivium. 4. The addition of the saline ingredients, or the

precipitation of tho alum. 6. The washing of the aluminous salts
; and, 6. Tho

crystallisation.

1. Preparation of the Alum-Shale,—Some alum-shales are of such a nature that,

being piled in heaps in the open air, and moistened from time to time, thojj' get spon-

taneously hot, and by degrees fall into a pulverulent mass, ready to be lixiviated. Tho

I
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«,.nnf^r mrt ho^vovor, require the process of ustulation, from %vh,ch they derive many

fhnnt ,Ss The cohesion of the dense shale is thereby so mnch impaired that its

l,S;on becomes more rapid ; the decomposition of the pyrites is quickened by

fCTu on of~^^^^^^^ sulphur; and the ready-formedpcon vitriol is party

Jecon^pos^Hy tho^heat, ^th a transference of its sulphuric acid to the clay, and tho

P'sSfXmlE contTtoo little bitumen or coal for the roasting process must

be in rstati^^^^^ layers of small coal or brushwood over an -t™
At Whitby the alum-rock, broken into small pieces, is laid upon a lio"f"^^^ ^fi,"^

fticl composed of brushwood ; but at Hurlet small coal is chiefly used for .tho lower

S When about four feet of rock is piled on, lire is set to the bottom in various

par s ; and whenever the mass is fairly kindled,- moro_ rock is placed t°p

Whitby this piling process is continued till the calcimng heap is raised to the ho gi t

of OO or 100 feet. The horizontal area is also augmented at the same time till it

tnis a greatbed nearly 200 feet square, having therefore about 100,000 yards of

solid meSurement. The rapidity of the combustion is tempered by plastering up the

crevices with small schist moistened. When such an immense mass is inflamed, the

heat is sure to rise too liigh, and an immense waste of sulphur and sulphvmc acid

must ensue. This evil has been noticed at the Whitby works. At Hurlet the he ght

to which the heap is piled is only a few feet, while the horizontal area is expanded

:

which is a much more judicious arrangement. At Whitby 130 tops of calcined

schist produces on an average 1 ton of alum. In thi& humid climate it would be ad-

visable to pile up on the top of tho horizontal strata of brushwood or coal and schist,

a pyramidal mass of schist, which, having its surface plastered smooth, with only a

few air-holes, will protect the mass from the rains, and at the same time prevent the

combustion from becoming too vehement. Should heavy rams supervene, a gutter

must be scooped out round the pile for receiving the aluminous lixmum, and con-

ducting it into the resers'^oir.
i (.m i

It may be observed, that certain alum-schists contain abundance of combustible

matter, to keep up a suitable calcining heat after the fire is once kindled ;
and there-

fore nothing is needed but the first layer of
_
brushwood, which, in this case, may be

laid over the first bed of tho bituminous schist.

A continual but very slow heat, with a smothered fire, is most beneficial for the

ustulation of alum-slate. When the fire is too brisk, the sulphide of iron may run

with the earthy matters into a species of slag, or the sulphur will be dissipated in

vapour, by both of which accidents the product of alum will be impaired. Those

bituminous alum-schists which have been used as fuel under steam boilers have

suffered such a violent combustion that their ashes yield almost no alum. Even the

best regulated calcining pipes are apt to burn too briskly in high winds, and should

have their draught-holes carefiiUy stopped under such circumstances. It may be laid

down as a general rule, that the slower the combustion the richer the roasted ore will

be in sulphate of alumina. When the calcination is complete, the heap_ diminishes

to one-half its original bulk ; it is covered with a light reddish ash, and is open and

porous in the interior, so that the air can circulate freely throughout the mass. To

favour this access of air, the massSes should not be too lofty; and in dry weather a

little water should be occasionally sprinkled on them, which, by dissolving away some

of the saline matter, will make the interior more open to the atmosphere.

The following analyses of shales are by Gr. Kersten :

—

Hermann- GUilckauf- Blilcher-

schachte gang schachte

Carbonaceous matter , • • • • • 41'10 27-92 34-20

44*02 51-32 50-21

Peroxide of iron . . • • • • • 6'23 8-40 0-42

5-60 7-62 5-21

0-32 0-26 0-53

1-25 2-89 1-72

Oxide of manganese • • • • * 0-12 traces traces

Sulphate of lime . . • • • • * traces traces traces

98-64 98-41 98-39

Messrs. Richardson and Ronalds have given some very detailed analyses of the

Whitby and Campsie shales :

—
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Sulphur .

Iron

Sulpliuret of irou
Silica

Protoxide of iron
Alumina .

Limo
Magnesia
Oxiclo of manganese
Sulphuric acid

Potash . .

Soda
Chlorine .

Carbon and loss

Carbon .

Coal
Loss
Water .

Wliitby Compglo

Top xsoLtoni Top Top Bottom
Rock Rock Rock Rock Rock

... ... 22-36 23-44\

... ... 18-16 1604/
4-20 8-60

62-26 61-16 15-40 16-40 0-47

8-49 611 ... ... 2-18

18-76 18-30 11-36 11-64 18-91

1-25 2-16 1-40 2-22 0-40

0-91 0-00 0-50 0-32 2-17

traces traces 0-15 ... 0-55

1-37 2-50 ... ... 0 05
0-13 traces 0-90 ... 1-26

0-20 traces • • • 0-21

traces traces

29-78

28-80
4-'97 8-29 8-51

3-13 0-59
2-'88 2-00 8-54

95-40 91-91 100-00 99-99 100 00

As the Top rock contains a larger excess of iron pyrites than the Bottom, they are

mixed so as to difiiise the sulphuric acid equally.

Erdmann has thus analysed his German specimens:—

•

Gamsdorff
1

Wezclstcin
j

' Sulphuret of iron 7-533
1

10-166

Silica • • • • 0-060 0-100

Soluble in acid
Peroxide of iron .

Alumina
• • • •

• • • •

0-966
1-833

2-466
3-166

Lime . . . • • • • 0-400 1-000

Magnesia . . • • • * trace 1-022

'SiUca • • • • 60-066 62-200

Alumina • • • • 8-900 17-900

Insoluble in acid •

Peroxide of iron .

Magnesia .

• • • •

• • • •

1-300

1-000

3-566

1-133

Lime . . • • • • • trace trace

Coal . . • • • * 22-833 0-805

Water . • • • • 2-208 6-080

Shalesfrom Freicnwalde,

by Klaproth.

Alumina
Silica

Magnesia
Sulphur

.

Carbon .

Protoxide of iron .

Oxide of manganese

Sulphate of protoxide of

„ „ alumina

„ „ lime .

„ „ potElsh .

Chloride of potassium
Sulphuric acid

Water . . .

. 16-000 .

.' 40-00 '.

. 0-25

. 2-85 .

.' 19-66

V 6-40 .

iron . 1-80

! 1-60 .

. 1-60 .

. 0-50 .

! ! 10-76
.'

• • •

Shales from Piicberg,

by Bergemann,
10-80

45-30

3-94

5-95

5-50

0-60
5-73

1-20
1-71

1-75

0-35

0-47

16-60

101-20 90-70
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Here the. sulphur has evidently oxiated in combination with iron, which has boon'

united to oxygen by the analysts. The amount of sulphate shows a partial disinte-"

gration and other changes.

Lampadius gives another analysis with much more sulphur :

—

Alum-Shalefrom SieMa.

Sulphate of alumina . . 2*68

Potash-alum . . . • 0'47

Sulphate of iron , . .
0-95

Sulphate of lime 1*70

Silica . . 10-32

Alumina . . . . . . . • . • •
9'21

Magnesia traces

Oxide of iron 2-30

Oxide of manganese . . • . . . . . 0-31 -

Sulphur . . . . . . . . . . . 7-13 '

Water . 33-90

Carbon - 31-03

100-00

When alum is made of such shale, the object is first of all to oxidise the sulphur,;

forming sulphuric acid. This acid then dissolves the alumina. The result, may be;

accomplished by allowing the shale to disintegrate spontaneously in the air, the

.

sulphur oxidising and dissolving the alumina. But in general, as at Whitby and.-

Campsie, combustion must be resorted to. This can be accomplished without the use;

of coal, further than is needful simply to set fire to that portion which exists in tlie'

shale itself. Indeed, the Campsie shale, having more coal than is desirable for slow

combustion, is mixed with some spent material^ in order to diminish the force of the

heat.

The sulphur is united with the iron, forming a bisulphide, each atom of which

must, therefore, take up seven atoms of oxygen, FeS- + 70 =FeO. SO* + SO'. When
combustion takes place, the sulphur oxidises : if rapid combustion is permitted, sul-

phurous acid gas escapes ; if slow combustion, the sulphurous acid penetrates the.,

mass slowly, receives another atom of oxygen, unites to a base,, and a sulphate is the

consequence. Sulphate of iron is formed, and free sulphuric acid. In the process it

is probable that the oxidation is completed by means of the iron. Protoxide of iron

readily becomes pero'xidef the feulphtirouS acid 'readily defcompOses peroxide, forming

sulphuric acid and protoxide of iron.' This protoxide of iron is again converted into

peroxide, and if not dissolved i& rendered, to a great extent, difficult to dissolve, by
reason of the heat of the inass.' Foi? this reason partly, there is less sulpHate of iron

in the alum than mi^ht hh expected." To effect these changes it is desirable to burn
very slowly, so as t(5 allow no' loss 'of sulphurous acid, 'and, 'iff washing, to allow

the water to stand ££ long tim6 on the burnt 'ore. ' Another method, by which the

sulphuric acid is transferred to th6 alulnina. is the pefoxidation of the protoxide

in the sulphate of iron
;

'acid 'is by this' meatis set fred and' begins to act on the

alumina.

The protosulphate of iron being formed, it is removed by boiling down the liquor

until the protosulphate of iron crystallises gut, at the same time the solution becom--

ing saturated with the aluminous salt. The sulphate of iron is soluble in 0-3 of hot

water, the alum in 0-06. The liquid around the crystals on the remaining mother-
liquor contains iron also ; this is washed off by adding pure liquors.

^

The presence of lime or magnesia in the ores is, of course, a means of abstract-

ing acid, preventing the alumina being dissolved, and even precipitating it wheu
dissolved.

Knapp says that at Salzweiler, near Duttweiler, in Khenish Prussia, the roasting

of the ore takes place in the pit or mine. The stratum of brown coal which lies,

under it, having been accidentally set fire to in 1660, has smouldered till the present
time without intermission.

When the ores are roasted, one-half of the sulphur is freed and sent into the massj
or escapes as sulphurous acid; and the remaining protosulphide of iron is after-

wards converted into green vitriol.

When the calcined mineral becomes thoroughly cold, we may proceed to the
lixiviation. But as, from the first construction of the piles or beds till their com-
plete calcination, many weeks, or even months, may elapse, care ought to be taken
to provide a sufficient number or extent of them, so as to have an adequate supply
of material for carrying oa the lixiviating and crystallising processes during the

Vol. I. I
s". ^
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course of tho year, or at least during the eovority of tlio wintop eeason, -when tlw
calciuation jnay bo Buspondod, and tho lixiviation becomes unsatisfactory. The beds
are known to bo sufficiently decomposed by tho offlorescenco of tho salt -which appears
upon tlio stones, from tno strong aluminous tiisto of tho ashes, and from the
appropriate chemical test of lixiviating an aliquot average portion of the mass, and
seeing liow much alum it will yield with solution of sulphate of potash or chloride of
potassium.

2. Tlie Lixiviation,—Tho lixiviation is best performed in stoQe-built cisterns ; those
of wood, however strong at first, are ti,oon decomposedj and need repairs. Thoy
ought to bo erected in the neighbourhood .of tho calpining heaps, to save the labour
of transport, and so arranged that tho solutions from tho higher cisterns may spon-
taneously flow into the lower. In tliis point of view, a sloping terrace is tho best
situation for an aluni work. In the lowest part of this terrace,, and in the neighbour-
hood of tho boiling-houso, there, ought to be two or more largo tanks, for holding tho
crude lixivium, and they should bo pfotocted from the rain by a proper shed. Upon
a somewhat higher level the cisterns of thp clear lixivium may bo placed. Into tho
highest range of cisterns tho calcined mineral is to be put, taking care to lay tho
largest lumps at the bottom, and to coyer thorn with lighter ashes. A sufficient

quantity of water is now to bo run over it, and allowed to rest for some time. The
lixivium may then be drawn off, by a stopcock connected with a pipe at the bottom of
tho cistern, and run into another cistern at a somewhat lower level. Fresh water
must now be poured on the partly exhausted schist, and allowed to remain for a
sufficient time. This lixivium, being weak, should be run off into a separate tank.

In some cases a third addition of fresh water may be requisite, and tho weak lixivium
which is drawn off may be reserved for a fresh portion of calcined mineral. In order

to save evaporation, it is always requisite to strengthen weak leys by employing them
instead of water for fresh portions of calcined schist. Upon the ingenious disposition

and form of these lixiviating cisterns, much of the economy and success of analum work
depends. The hydrometer should be always used to determine tho degree of concen-

tration which the solutions acquire.

The lixiviated stone, being thus exhausted of its soluble ingredients, is to be
removed from the cisterns, and piled up in a heap in any convenient place, where it

may be left, either spontaneously to decompose, or, after drying, subjected to another'

calcination.

After calcining and washing the Campsie ores, the residue had tho following com-

position :

—

Silica 38-40

Alumina 12-70

Peroxide of iron 20-80

Oxide of manganese traces

Lime 2-07

Magnesia . . , . . . . . . 2-00

Potash 1-00

Sulphuric acid 10-76

Water 12-27

100-00

It is, therefore, very far from being a complete process ; but it is not considered

profitable to remove the whole of the alumina. In some places the exhausted ore is

burnt a second time with fresh ore, as at Campsie, but we aro not told the estimated

exhaustion.

The density of tho solution may be brought, upon an average, up to the specific

gravity of from 1 -09 to 1-15. The latter density may always be obtained by pumping

up the weaker solutions upon fresh calcined mine. This strong liquor is then drawn

off, when tho sulphate of lime, the oxide of iron, and tho earths aro deposited. It is

of advantage to leave tho liquor exposed to air for some time, whereby the green

•vitriol may pass into a persulphate of iron with the deposition of some oxide, when

tho acid will act better on the clay present, so as to increase the quantity of sulphate

of alumina. Tho manufacture of alum is the more imperfect, as the quantity ot sul-

phate of iron loft undocomposed is greater,- and therefore every expedient ought to bo

tried to convert the sulphate of iron into sulphate of alumina.
_

3. Jlie Evaporation of the Schist Lixivium.—Kb tho aluminous liquors, however

well settled at first, are apt, on tho great scale, to deposit earthy matters in the course

of their concentration by heat, they are best evaporated by a surface fire such as that

employed at Hurlet and Campsie. A water-tight stone cistern must bo built, ha;nng

a layer of well-rammed clay behind tho flags or tiles which hno its bottom and sides.
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The cistern may be 4 or 6 feet wide, 2 or 3 feet deep, and 30 or 40 feet long, and it

is covered in by an arch of stono or brickwork. At one extremity of this tunnel, or

covered canal, a fire-grate is set, and at the other a lofty chimney is erected. The
cistern being filled to the brim ynth the alum ley, a strong fire is kindled in the re-

vorboratory grate, and the flame and hot air are forced to sweep along the surface of

the liquor, so as to keep it in constant ebullition, and to carry off the aqueous parts in

vapour. The soot -whieh is condensed in the process falls to the bottom and leaves

the body of the liquor clear. As the concentration goes en, more of the rough lixi-

vium is run in from the settling cistern, placed on a somewhat higher level, till the

whole gets charged with a clear liquor of a specific gravity sufficiently high for

transferring into the proper lead boilers.

At Whitby, the lead pans are 10 feet long, 4 feet 9 inches wide, 2 feet 2 inches

deep at the one end, and 2 feet 8 inches deep at the other. This increase of depth

and corresponding slope facilitates the decantation of the concentrated lixivium by
means of a syphon applied at the lower end. The bottom of the pan is supported by
a series of parallel iron bars placed very near each other. In these lead pans the

liquor is concentrated, at a brisk boiling heat, by means of the flame of a flue beneath
them. Every morning the jmns are emptied into a settling cistern of stone or lead.

The specific gravity of the liquor should be about 1 "4 or 1 5, being a saturated solu-

tion of the saline matters present. The proper degree of density must vary, however,
with different kinds of lixivia, and according to the different views of the manufac-
turer. For a liquor which consists of two parts of sulphate of alumina, and one part
of sulphate of iron, a specific gravity of 1*25 may be sufficient; but for a solution

which contains two parts of sulphate of iron to one of sulphate of alumina, so that the
green vitriol must be withdravra first of aU by crystallisation, a specific gravity of
1*4 may be requisite.

The construction of an evaporating furnace well adapted to the concentration of
aluminous and other crude lixivia is described under Soda. The liquor basin may
be made of tiles or flags puddled in clay, and secured at the seams with a good
hydraulic cement. A mortar made of qiiicldime mixed with the exhausted schist in
powder, and iron turnings, is said to answer well for this purpose. Sometimes over
the reverberatory furnace a flat pan is laid, instead of the arched top, into which the
crude liquor is put for neutralisation and partial concentration. In Germany, such a
pan is made of copper, because iron woidd waste too fast, and lead would be apt to
melt. From this preparation-basin the under evaporating trough is gradually supplied
with hot liquor. At one side of this lower trough, there is sometimes a door, through
which the sediment may be raked out as it accumulates upon the bottom. Such a
contrivance is convenient for this modo of evaporation, and it permits, also, any
repairs to be readily made

; but, indeed, an apparatus of this kind, well mounted at
first, will serve for many years.

In the course of the final concentration of the liquors, it is customary to add some
of the mother-waters of a former process, the quantity of which must be regulated by
a proper analysis and knowledge of their contents. If these mother-waters contain
much free sulphuric acid, they may prove useful in dissolving a portion of the
alumina of the sediment which is always present in greater or less quantity.

4. The Precipitation of the Alum by adding Alkaline Salts.—As a general' rule, it is
most advantageous to separate, first of all, from the concentrated clear liquors, the
alum in the state of powder or smaU crystals, by addition of the proper alkaline
matters, and to leave the mingled foreign salts, such as the sulphate of iron or mag-
nesia, in solution, instead of trying to abstract those salts by a previous crystallisation,
in this way we not only simplify and accelerate the manufacture of alum, and leave
the mother-waters to be worked up at any convenient season, but we also avoid the
risk of withchrawing any of the sulphate of alumina with the sulphate of iron or mag-
nesia. On this account the concentration of the liquor ought not to be pushed so far
as that, when it gets cold, it should throw out crystals, but merely to the verge of
this point. This density may be determined by suitable experiments. The powder
01 alum IS also called Jlour,

^

The clear liquor should now be run off into the precipitation cistern, and have the
sulphate of potash or chlonde of potassium, or impure sulphate or carbonate of am-monia, added to It. The sulphate of potash, which is the most direct, forms 18-34
parts out of 100 of crystallised alum ; and therefore that quantity, or an equivalentin cMonde of potassium, or other potash, or ammoniacal salts, must be introducedinto the aluminous liquor. Since sulphate of potash takes 10 parts of cold water

Stl'' f^V^' •

much more soluble in boiling water, and%ince the prS-m on of alum is more abundant the more concentrated the mingled solutions are it^ould be prudent to add the sulphate solution as hot as may bo convenient but aschlonde of potassium is fully three times more soluble in cold waterJitTto be pre!



116 ALUM
ferrod as a precipitant, -when it can be procured at a cheap rate. It IiaB, also, the
advantage of docompoBing the sulphate of iron present into a chloride, a salt very
difficult of crystallisation, and, thorofjro, loss apt to contaminate the crystals of alum.
Of late years chloride of potassium has been largely obtained from carnallito, and
Bulphato of potash has been procured from kainite, two minerals found in great
abundance in the salt-mines of Stassfurt, in Prussia, The quantity of alkaline salts

requisite to procipit^ito the alum, in a granular powder, from the lixivium, depends
on their richness in potash or ammonia, on the one hand, and on the richness of the
liquors in sulpliate of alumina on the other ; and this must be ascertained, for each
large quantity of product, by a preliminary experiment in a precipitation glass. Here,
an aliquot measure of the aluminous liquor being taken, the liquid precipitant must
be added in successive portions, as long as it causes any cloud, when the quantity

added will be indicated by the graduation of the vessel. A very exact approximation
is not practicable upon the great scale ; but, as the mother-waters are aflerwardg

mixed together in one cistern, any excess of the precipitant at one time is corrected

by excess of aluminous sulphate at another, and the resulting alum-meal is collected

at the bottom. When the precipitated saline powder is thoroughly settled and
cooled, the supernatant mother-water must be dra-wn off by a pump, or rather a
syphon or stopcock, into a lower cistern. The more completely this drainage is

effected, the more easily and completely will the alum be purified.

100 parts of alum are formed from tlio sulphate of alumina liquor,

by 18"32 of sulphate of potash,

„ 13 "86 of sulphate of ammonia,
or 15"69 of chloride of potassium.

Sulphate of ammonia is soluble in 1 of hot and 2 of cold water ;
sulphate of potash in

nearly 10, and chloride of potassium in 3, of water of ordinary temperature ; alum,

in 13 parts of water. A portion of the alum formed will remain in solution ; this

will depend on the quantity of liquid ; the rest falls as a powder.

This mother-liquor has generally a specific gravity of 1 '4 at a medium tempera-

tiu-e of the atmosphere, afid consists of a saturated solution of sulphate or muriate of

black and red oxide of iron with sulphate of magnesia, in certain localities, and

chloride of sodium, when kelp salts have been used as a precipitant, as also a saturated

solution of sulphate of ahmiina. By adding some of it, from time to time, to the

fresh lixivia, a portion of that sulphate is converted into alum ; but, eventually, the

mother-water must be evaporated, so as to obtain from it a crop of ferruginous

crystals ; after which it becomes capable, once more, of giving up its alum to the

alkaline precipitants.

, When the aluminous lixivia contain a groat deal of sulphate of iron, it may be good

policy to withdraw a portion of it by crystallisation before precipitating the alum.

With this view the liquors must be evaporated to the density of 1-4, and then run

off into crystallising stone cisterns. After the gi-een vitriol has crystallised, the liquor

should be pumped back into the evaporating pan, and again brought to the density of

•1*4. On adding to it, now, the alkalino-salino precipitants, the alum will fall down

from this, concentrated solution, in a very minute crystalline powder, easy to wash

and purify. But this method requires more vessels and manipulation than the

preceding, and should only be had recourse to from necessity ; since it compels us to

carry on the manufacture of both the valuable alum and the lower-priced salts at the

same time ;
moreover, the copperas extracted at first from the schist liquors carries

with it, as we have said, a portion of the sulphate of alumina, and acquires thereby a

dull aspect ; whereas the copperas obtained after the separation of the alum is of a

brilliant appearance,

5. The Washing, or Edidcoratmi, of the Alum Powder —TIub crystalline pulveru-

lent matter has a brownish colour, from the admixture of the ferruginous liquors
;
but

it may be freed from it by washing with very cold water, which dissolves not more

than one-eighteenth of its weight of alum. After stirring the powder and the

water well together, the former must be aUowed to settle, and then the "was^ng

must be drawn off A second washing will render the alum nearly pure. The

less water is employed and the more effectually it is drained off, the more complete

is the process. The second water may be used in the first washing of another

portion of alum powder, in the place of pure water. These washings may be

added to the echist lixivia. This powder is now extensively sold without further

manipulation. . , , -xi. • „\,

6. The Crystallisation.—Tho washed alum is put into a lead pan, with just enough

water to dissolve it at a boiling heat ; fire is applied, and the solution is P«>mot«d by

etiiTing. Whenever it is dissolved in a saturated state, it is run off the

crystallising vessels, which are called roching casks. Those casks are about five
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feet high, three feet T^de at the top, and some-what -wider at the bottom; they are

made of very strong staves, nicely fitted to each other, and held together by strong

iron hoops, which are driven on pro tempore, so that they may be easily knocked off

again, in order to take the stiives asunder. The concentrated solution, during itS;

slow cooling in these close vessels, forms large regular crystals, which hang down

from the top, and project from the sides, while a thick layer or cake lines the whole

interior of the cask. At the end of eight or ten days, more or less according to the

weather, the hoops and staves are removed, when a cask of apparently solid alum is

disclosed to view. The workman now pierces this mass with a pickaxe at the side

near the bottom, and allows the mother-water of the interior to run off on the sloping

stone floor into a proper cistern, whence it is taken and added to another quantity of

washed powder to be crystallised with it. The alum is next broken into limips,

exposed in a proper place to dry, and is then put into the finished bing for market.

There is sometimes a little insoluble basic alum (sub-sulphate) left at the bottom of

the cask. This, being mixed with the former mother-liquors, gets sulphuric acid

from them ; or, being mixed with a little sulphuric acid, it is equally converted into

alum.
Alum Liquors,—In the alum works on the Yorkshire coast, eight different liquora

are met with

:

1st. ' Kaw Liquor.' The calcined alum-shale is steeped in water till the liquor

has acquired a specific gravity of 9 or 10 pennyweights, according to the lan-

guage of the alum-maker.
2nd. ' Clarified Liquor.' The raw liquor is brought to the boiling point in lead

pans, and suffered to stand in a cistern till it has cleared ; it is then called

clarified liquor. Its gravity is raised to 10 or 11 pennyweights.
3rd. ' Concentrated Liquor.' Clarified liquor is boiled down to about 20 penny-

weights. This is kept merely as a test of the comparative value of the potash
salts used by the alum-maker.

4th. 'Alum Mother-Liquor.' The alum pans are fed witli clarified liquor,

which is boiled down to about 25 or 30 pennyweights, when a proper quantity
of potash salt in solution is mixed with it, and the whole run into coolers

to crystallise. The liquor pumped from these rough crystals is called ' alum
mothers.'

5th. 'Salts Mothers.' The alum mothers are boiled down to a crystallising
point, and afford a crop of 'Eough Epsom,' which is a sulphate of magnesia
and protoxide of iron.

6th and 7th. 'Alum Washings.' The rough crystals of alum (No, 4) are
washed twice in water, the first washing being about 4 pennyweights, the
second about the difference in gravity being due to mother-liquor clinging
to the crystals.

8th. ' Tun Liquor.' The washed crystals are now dissolved in boiling water,
and run into the ' roching tuns ' (wood vessels lined with lead) to crystallise.
The mother-liquor of the ' roch alum ' is called ' tun liquor

:
' it is, of course,

not quite so pure as a solution of roch alum in water.
The alum-maker's specific-gravity bottle holds 80 pennyweights of water, and by

10 pennyweights he means 10 more than water, or 90.
The numbers on Twaddle's hydrometer, divided by 2-5, give alum-makers' penny-

weights.

The alum-maker tests his samples of potash salts comparatively by dissolving equal
weights of the different samples in equal measures of alum liquor at 20 pennyweights,
heated up to the boiling-point, and weighing the quantity of alum crystals produced
on cooling. ./ r

_
For the above information we are indebted to Mr. Maurice Scanlan, who super-

intended for some time the Mulgravo Alum Works,
According to him 6^ tons of the alum rock at the Mulgrave Works, to the north

of Whitby, yield, after calcination, &c,, one ton of alum.
:

The true value of the Whitby alums consists in the amount of soluble alumina
which they contain, and for calico-printing also in their freedom from iron.

The alum-shales not being very generally found over the country, and naturoJiavmg interposed certain limits to the amount manufactured and the speed of the
process, many attempts have been made to obtain alum and sidphate of alumina from
other sources. ,

\.Jt fi'™ x^y,"^
processes will be afterwards described in chronological orderbnt aie following are those only which are at present largely applied iu this

wV^K
advantages of the modern processes is the rap° di v withwhich the alum can bo manufactured

;
thus, an order ^n now be oxecSed in tSee
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wooks which formerly would have occupied many months. For certain purposes,

however, the old-fashioned Wliitby alum is still preferred.

III. Alum Manufacturefrom Coal-Mcasurc Sfialcs.—The manufacture of alum has
of late years taken an entirely now shape, and the two processes of Mr. Sponce and
Mr. Pochin have absorbed the whole of the manufacture in the north-west.

Mr. Spence, who has a manufactory of ammonia-alum at Newton Heath, near

Manchester, called the Pendleton Alum Works, has now become the largest maker of

this substance in the world, as his regular production amounts to upwards of 160

tons per week. His method of maniifacturo is also largely carried on at Goole, in

Yorkshire. In Spence's process, which he patented fifteen years ago, he uses for the

production of his sulphate-of-alumina solution the carbonaceous shale of the coal-

measures.' This substance contains from 6 to 10 per cent, of carbonaceous matter,

and, when ignited by a small quantity of burning coal, the combustion continues of

itself. The raw shale is piled in heaps about 20 feet long, 4 or 6 feet high, and 2 or

3 feet broad. To supply air during the calcination of the shale, a brick drain is con-

structed under each heap. The calcination occupies about ten days, and must be

conducted below a red heat ; at higher temperatures, the material has a tendency to

vitrify, and the alumina thus becomes insoluble in sulphuric acid. After calcination,

the shale is removed to the pans, in which it is treated with oil of vitriol. These

pans are each about 40 feet long, 10 feet wide, and 3 feet deep. They are constructed

of sheets of cast iron, screwed together, and lined with lead, and the bottom of each

pan before use is covered with earthen tiles about 9 inches square. A charge of 20

tons of calcined shale is introduced into each pan, and digested with about 10 tons of

oil of vitriol, of specific gravity 1-25, which dissolves out the alumina of the shale.

The digestion is conducted at a temperature of 220° F., this temperature being main-

tained partly by fires under the pans, and partly by the introduction of hot gaseous

ammonia evolved from the gas-liquor evaporated in boilers, A double sulphate ofi

alumina and ammonia, or ammonia-alum, is thus formed. After being heated for

four or five days, the liquor is drawn off into the coolers, which are large shallow rec-

tangular vessels of lead, each about 29 feet long, 17 feet wide, and If feet deep. In

these vessels the liquid is kept in constant agitation by means of a long wooden arm,

worked by steam. The formation of large crystals is thus prevented ; but, after the

lapse of about fourteen hours, the small crystals, which then form a bed several inches

thick at the bottom of the vessel, are removed, and thrown into a large square box,

lined with lead, in which they are washed with the mother-liquor, and having drained

are thrown upon an iron grating formed of bars set about haLf-an-inch aptirt. The

masses of crystals are thus broken, and the mother-liquor washed out. The crystals

are then transferred to a cylindrical vessel, two or three feet high, and about 2 feet

in diameter. This vessel has two divisions, one open and the other closed. The

alum is placed in the open compartment, and dissolved by means of steam, introduced

at a pressure of about 20 lbs. per square inch, through holes in a coil of leaden pipe

at the bottom of this division of the vessel. A pipe leads from the top of the cybnder

to a wooden vessel, caUed the dissolving box, which receives the solution of alum

before it is drawn off into the rocliing pans. This box is 3 feet deep, 14 feet long,

and 8 feet broad ; it is covered with boards, the joints between which are closely

packed with cotton waste. After the solution has remained for some hours m this

vessel, a quantity of size—about 4 quarts—is poured in, and the suspended impurities

are thus caused to settle. The clear solution is tapped off from the dissolving box

into the crystallising tubs ; each tub is about 6 feet high, and wider below than above.

At the bottom of each tub is a round flagstone, upon which the staves of the tub,

lined with lead, are built up and kept in place by strong iron hoops screwed together.

The hot solution is run into these tubs, and protected by a wooden cover. >^ter

standing for about forty days, a sufficient thickness of alum will have crystallised to

allow the sides of the tub to be taken down. The block is allowed to stand for about

a fortnight longer, and a hole is then made in the lower part of the block, througU

which the mother-liquor runs out, and is received in tanks. On breaking open the

block the sides of the internal cavity are found to be studded with fine octahedral

crvst^ls presenting a slightly violet tinge. These blocks weigh about 4 tons eacli.

WTASrSamfacture from Mineral PJwsphatcs.-lu 1870 Mr. Peter Spence

patented a novel process for manufacturing alum, using as his raw material a plios-

?hate of alumina and iron obtained from the Island of Eedonda, near Antigua, in the

West Indies; other mineral phosphates ^ontaimng alumina may ho^^^^

employed.' The" process has special value, since not only is the alumina of the

The Past and Present Hlstorjr

Uines. ' Chemical New»i
' • This description of Spence's process is taken ^roni S'JP^P^f °" 'F^!
of Alum,' by J. Carter Bell, Esq. F.C.S., Associate of the Royal School of

vol. xii. 186fi, pp. 221, -234.

» Specification of Patents, a.d. 1870, No. 1676.
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mineral dissolved out by sulphuric acid, and used in the manufacture of alum, but

'the phosphoric acid sot free forms a highly valuable by-product.
„ ^, t, , ,

The following analysis may be cited as that of a good samplo of the Eedonda

phosphate :

—

Phosphoric acid 42'6

Alumina . . . • • • • •
26'1

Peroxide of Iron . . . • • • .
3*5

Silica
2-1

Water f£lf .

99-5

The mineral is first calcined at a red heat, irhereby the water is expeUed, and the

material rendered porous, so as to be more freely acted on by sulphuric acid. H
desirable, the calcination may be dispensed with, and the raw matenal merely pre-

•pared by grinding. In either case the phosphate is digested m leaden vessels with

•sulphuricacidof specific gravity 1-6.
„ , . i

•

The proportion of sulphuric acid varies with the nchness of the mineral in alumina

;

thus, if it contain 20 per cent, of alumina, an equal weight of acid will be used
;
if

only 12 per cent, of alumina, about three-fifths its weight of acid ;
and so forth. To

facilitate solution of the mineral by the acid, heat is applied—most conveniently by

blowing steam into the vessel. As solution proceeds, the density of the liquid rises,

and the strength of the liquor is then reduced by adding water, or weak liquors from

subsequent stages of the process, and the liquid is boiled until its specific gravity

ultimately reaches 1-45, or 90° Twaddle. This liquid is then transferred to a closed

leaden vessel, and ammoniacal vapour from gas-liquor is distilled into it. The

sulphate of ammonia thus formed combines with the sulphate of alumina to form

ammonia-alum. From 600 to 900 gallons of gas-liquor are used to each ton of

phosphate. After introduction of ammonia, the liquor is allowed to settle, and the

clear solution, which has now a specific gravity of 1-4, or 80° Twaddle, is run into

leaden coolers, where the alum crystallises. When the phosphate contains 20 per

cent, of alumina, it yields about a ton-and-a-half of alum per ton. One of the great

difficulties in this process consists in completely freeing the alum from the associated

phosphoric acid.

Whilst the alumina of the phosphate is thus utilised for the production of alum,

the phosphoric acid, which is at the same time eliminated, forms a product of high

value to the agriculturist. Indeed the mother-liquor from which the alum is de-

posited consists chiefly of a solution of phosphoric acid, with a small proportion of

sulphate of alumina, iron, and sulphate or phosphate of ammonia. This liquid may
be used as a fertilising agent either directly or made into an artificial manure by
being absorbed in sawdust and dried at a low heat.

We believe that Mr. Spence's new process is now carried out on a large scale at

the Pendleton Alum Works.

Other Methods of Alum Manufacture.—In addition to the four principal processes

of manufacture already described, numorous other methods have from time to time

been proposed, and in some cases worked to a limited extent. The more important
•of these suggested improvements are included in the following notices, which are

arranged in chronological order.

In 1743, Ambrose. Newton washed to economise the manufacture by boiling the

scum of the alum works, the muddy deposit in Yorkshire, and adding to the concen-

trated solution of 45 pennyweights, stale urine, which is ammonia, until the solution

became 27 pennyweights.. The liquor stands .' for four days, and strikes out into

small allom, and afterwards melted and reached into casks, "which stand 14 days, and
are taken down and the allom is finished.'

Another patent in 1765, by Holme, Cropper, and two Nicholsons, uses stale urine
and kelp liquor. They seem to use, by a mistake in names, iron pyrites only for their

alum, but no doubt it contained both iron and alumina. They took advantage of the
potash, and perhaps also of the soda, of the kelp.

In 1780, Matthew Sanderson patented a plan for making alum by burning the
metallic sulphurets, obtaining the sulphuric acid, and uniting it with aluminous earth—a far-seeing plan, not till long after adopted.

In 1794 Lord Dundonald patented a process for ' washing aluminous, vitriolic, or
pyritous schist or materials with sea-water or solutions of salts containing muriate of
soda,' or mixing muriate of soda with aluminous or vitriolated salts or pyritous
substances. He also proposed the use of muriatic acid. It is probable, then, that
both a soda- and an ammonia-alum have been manufactured when the whole methbd
was not very clearly understood,



T20 ALUM

F '^"^ Vauquelin having discovorbd tho component parts of alumi>naptal mado it from its elements, using clay. Ho says, ' Puro clay upon whicli the.Bulphuric afcid is' digested is dissolved with difficulty.' Ho then says, 'I calcine my
clays, and roduco them into small pieces, which I spread on tho floor of my leaden
chambers. Tho sulphuric acid, wjiich js formed by' combustion of a mixture of
sulphur and saltpetre, expands itself in tl.io cavity of thesp chambers, and exists for a
certain time in. tho vaporous form. In this form it has a stronger action than when
It has been weakened by the mixture of a.quantity of wat^r mope or less considerable,
so that it seizes tho earths, combine^ with theip, caijses tjiem to increase in bulk by
tho eflFervesconco, which takes' place, and at tho end of several days the whole
surface exposed to tho vapour is converted into alum. Care is taken to stir these
-earths from time to time, that they may successively present all theit Surfaces to tho

• action of tho acid.' ' But whatever process may bo used to combine the acid with
clay, it is necessary to expose the aluminised earths to the air during a greater or
less space of time, in order that the combination may bo more accurate, and the satu-
ration more complete.' This is, in fact, the mode of making the sulphate of alumina.
It was then dissolved in water, drawn oflf clear, to free it from the silica and undis-
solved matter, mixed with sulphate of potash, evaporated, and crystallised.
The manufacture of the alum from clay seems to have been a good deal used in

France. Their method at present, according to Kegnault, is as follows:—'They
choose clays, such as kaolins, which contain little iron. The clays are then calcined
at a low red heat in a furnace

;
they are ground to powder in a mill, and mixed with

half their weight of sulphuric acid of 1-46 specific gravity. The mixture is then
'heated in another furnace until the sulphuric aCid begins to evaporate. It is then
taken out, and left to stand for several days.' After some time the combination
becomes intimate, and the usual method of removing the sulphate of alumina from

• the insoluble matter is resorted to, and the potash, or ammonia-salt, is added, to

convert it into alum.
The most usual method has been to allow it to stand some weeks, or months, until

• the combination has been effected. Thi? has partially arisen from a supposition of

the necessity of giving it as much time as is needful with the shales, as it was not

known until lately how completely the acid may decompose the clays.

A patent was obtained in November, 1839, by Mr. William Wiesmann, of Dues-
burg, for improvements in the mantifaoturo of alum. He subjects potters' clay

to a moderate red heat, grinds it, and subjects the powder, in leaden pans, to tho

action of concentrated sulphuric acid (fi6° B.), taking care to use excess of clay

and a moderate heat. The mixture is to be stirred till it is dry, then treated with

boiling water, in order to dissolve the sulphate of alumina formed. So far the pro-

cess is old and well known. The novelty consists in freeing the saline solution from

iron by ferrocyanide of potassium (prussiate of potash). When the iron has been all

tlirown down in the form of Prussian-blue, the liquor is allowed to settle, the super-

natant pure sulphate is drawn off, and evaporated till it forms, on cooling, a concrete

mass, which may be moulded into the shape of bricks, &c,, for the convenience of

packing. This was mantifactured at Lee-Moor, near Plympton, on a small scale;

, but it is no longer made in this country. Dr. Muspratt's analysis made it a basic

„ sulphate = 2A1'0'. 5SO' + 33 Aq. ; and he adds that manufacturers objected to it

because it was impossible to judge of its purity by its merely physical appearance.

Mohr's analysis gave

—

Alumina . . . . . • • . 13*91

Sulphuric acid .36-24
Water 49-60

Sulphate of potash 1'60

By having an excess of clay, Wiesmann intended to have all his acid saturated.

He found that he could not dissolve all the alumina by using only its equivalent o

acid ; he preferred, therefore, to lose some of the alumina, as in the other processes,

Hervey's patent of 1839.—Clay is dried, ground, and sieved; it is then mixe

with sulphuric acid of from lD° to 80° Twad., and from ^ to an equal quantity of clay,

, iised according to it-s, quality. The' mixture is then well stirred; a great ebullition

,
ensues, and after ebullition it is again stirred. This is the formation of the sulphate

of alumina, which is washed out, and made iuto alum in the ordinary way.

. In 1842 Mr. Turner patented a method, said to be originally Sprengel's proposal, of

el^^tracting tho alumina and potash from felspar to make alum. The felspar is heated

with sulphate of potash to melting, then carbonate of potash is added. This gives a

soluble glass, which, in boiling water, takes up two-thirds of the silica and as mucli

potash as was,added to the felspar. This being . heated with carbonic aad, gives n

^gelatinous mass of silica. When dried, tho carbonate of potash may bo washed out.
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Tl. in*Wa portion o» theg~in^to orit°4S''tfJiJr'^M. °l

^,S'^^\^S^^'Sr.r?i'tX^- Tl..^o«n.«h.at needed ha. p.-

vontod the enecess of this proeess.
^

plastering of elay,

In 1812 Kagenbnseh proposed to cover the s^ist o^^^^ r
^^^^ ^.^^

or ™nd, for s.J.r.l months and ^vasU
-"^J' „'XiSh the sehist rests. The

fS^oSeSirL cSmKSras'S 5»e days. He use. .elp to ohuin the

"'Ss.O J. T. Wilson proposed a
i^^-fi-^ t%'tS?ii'^^^^^

»':ra^ffl--'"^^^^ and, con-

In 1854 Kichardson adds mn pyrites,
.\ """^f'^J",^^ to hare been used.

Lt^fes-t—!'.: y^^^^^T^Tj:pS:^^^.^^^ as am..

In 1866 Spilsbnrg's patent pnrposed to make "ta" f"'".^;^,^,,,
it has

r;. he.n found a con.

"'Z>'nrtKdern method, adopted for ^^''^TPS .alnm on the
^^^^^^^^

lime Xereby Sminato of soda and fluoride of calcium are produced
;
the former

'TnlXT™^^^^^ by Sauerwein, the .yolite
Ja^^^fJ-

pow^^^^

boiled ^th mter and lime ; and, as before, alumanate of

are obtained. The solution of aluminate is mixed .vith an excess of fi^^l^^-P^/^^

cryolite, whereby alumina and fluoride of sodium are produced. The alumina is then

converted into sulphate, and this into alum, as previously described.

.
Sulphate of alu^iina may also be obtained from cryolite by treating it directly ynth

""^ifum has UkcAvise been prepared from the mineral called Bauxite, T?hich,_ on igni-

tion Trith sulphate of soda and charcoal, jaelds sulphate alumna. Again b ast-

furnace slag maybe employed as the raw material; the slag, treated with hydrocMonc

acid, yields chloride of aluminium, from which alumina may readily precipitated.

' Alum has been made extensively in England and France from an artaficial sulphate

of alumina, prepared from clays which are chosen as free as possible from carbonate

of lime and oxide of iron. They are calcined in a reverberatoiy furnace, m oTder Vj

expel the water, to peroxidise the iron, and to render the alumina more easily acted

•on by the acid. The expulsion of the water renders the clay porous and capable ol

absorbing the sulphuric acid by capillary attraction. The peroxidation of the iron

renders it less solifblo in the sulphuric acid ; and the silica of the clay, by reacting on

the tilumina, impairs its aggregation, and makes it more readily attracted by the acici.

The clay should therefore be moderately calcined; but not so as to indurate it iiJco

pottery-ware, for certain combinations would then be effected which would make it

resist the action of acids. The clay is usually calcined in a reverberatory furnace,

the flame of which servos afterwards to heat two evaporating pans and a basin lor

containing a mixture of the calcined clay and sulphuric acid. As soon as the clay

has become friable in the furnace it is taken out, reduced to powder, and passed

through a fine sieve. With 100 parts of the pulverised clay, 45 parts of sulphimc

acid, of specific gravity 1-45, are well mixed, in a stone basin, arched over with bnck-

work. The flame and hot air of the reverberatory furnace are made to play along thp

mixture, in the same way as described for evaporating alum-schist liquors. (Seo

Sonx.) The mixture, being stirred from time to time, i.s at the end of a few days to

bo raked out, and to bo sot aside in a warm place, for the acid to work on the clay,
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s,?i^Kaf f
^"'^ of <^his time, it must bo washed, to extract the

r,ili^i! I'^^f -1°^* Y^^^^
^^'•'^ '"^y treated like the roasted alum ores

previously desenbod. If potash-alum is to bo formed, this sulphate of alumina is
evaporated to tlio specific gravity of 1 -38 ; but if ammonia-alum, to the specific gravity
01 only 1-24

; because the sulpliate of ammonia, being soluble in twice its weight of
water, will cause a precipitation of pulverulent alum from a weaker solution of sul-
pnate of alumina than the loss soluble sulphate of potash could do.

In preparing alum from clay or shale, it is of infinite importance that so much and
no more heat bo applied to the clay or shale, in tlie first instance, as will just expel
the water of combination without inducing contraction. A temperature of 600° F. is
well adapted to effect this object, provided it bo maintained for a sufficient period,
when this has been carefully done, the silicate of alumina remaining is easily enough
acted upon by sulphuric acid, either slightly diluted or of tho ordinary commercial
strength. The best form of apparatus is a leaden boiler, divided into two parts by a
perforated septum or partition, also in lead

;
though on a very large scale, brickwork

set in clay mi^t bo employed. Into one of tho compartments the roasted clay or
shale should be put, and diluted sulphuric acid being added, the bottom of the other
compartment may be exposed to tho action of a well-regulated fire, or, what is
better, heated by means of steam through the agency of a coil of leaden pipe. In
this way a circiilation of the fluid takes place throughout the mass of shale ; and, as
the alumina dissolves, the dense fluid it produces, falling continually towards tho
bottom of the boiler, is replaced by dilute acid, which, becoming in its turn saturated,
falls like the first ; and so on in succession, until either the whole of the alumina is

taken up, or the acid in great part neutralised. Tho solution of sulphate of alumina
thus obtained is sometimes evaporated to dryness, and sold under the name of ' concen-
trated alum ;

' but more generally it is boiled down until of the specific gravity of
about 1"35 ; then one or other of the carbonates or sulphates of potash or ammonia,
or chloride of either base, or a mixture of these, is added to the boiling fluid, and
as soon as the solution is complete, tho whole is run out into a cooler to crystallise.

The rough alum thus made is sometimes purified by a subsequent recrystallisation,

after which it is ' roched ' for the market—a process intended merely to give it tho
ordinary commercial aspect, but of no real value in a chemical point of view.
Alum Cake.—This substance owes its value to tho amount of sulphate of alumina

it contains, and is in fact another means of making soluble alumina accessible. We
liave already seen the many attempts to obtain alumina from clay, and the tedious

nature of the operation of solution in acid, as well as tho long after-processes of lixi-

viation and conversion into sulphate of alumina, or into alum, by reboiling or

crystallising. Mr. Pochin, of Manchester, has found a method of removing all the

difficulties, both of tlio first and after processes. He uses very fine china clay, free

from iron, heats it in a furnace, mixes it thoroughly with acid, and finds that, when
the process is managed carefully, the combination of the alumina and sulphuric acid

is not only, complete, but so violent that he is obliged to dilute his acid considerably,

in order to calm tho action. When mixed, it is passed into cisterns with moveable

sides, whore, in a few minutes, it heats violently and boils. The thick liquid

gradually becomes thicker, until it is converted into a solid porous mass—the pores

being made by the bubbles of steam which rise in the mass, which is not flui^i enough

to contract to its original volume. Tho porous mass is perfectly dry, although

retaining a large amount of combined water. It retains, of course, all the silica of

the original clay, but this is in such fine division that every
_
particle appears

homogeneous. The silica gives it a dryness to the touch not easily gained by the

sulphate only.

When pure sulphate of alumina is wanted in solution, the silica is allowed to pre-

cipitate before using it, but, in many cases, the fine silica is no hindrance ; then tho

solution is made uso of at once.

Some quantity of alum has "been exported from_ China, chiefly to India, Within a

short period. The Chinese uso alum very largely in their cements.
^

The alum mines are in the neighbourhood of Peh-kwan harbour, 2° 9 10" N.,

12° 32' 6" E. Ton alum-making establishments appear to exist there, and the pro-

cess, as described in tho North China Mail, is similar to that employed where, in this

country, tho alum-shale is used.
. , . , ,

AXiXTM EARTH. A varietj^ of aluminous schist found associated with the

lignites of tho tertiary beds, especially on the Eliine.
,

AX.in«X, rEATHZSR. A hydratod sulphate of protoxide and sesquioxide of iron,

called by Dana Halotrichitc. Tho name ' feather alum ' is also sometimes applied to

a hydratod sulphate of alumina, known also as Alunogcn, The latter is found

crystallised in a close mass of fine, white, flexible needles, of a feather or hair form,

and has boen, like a fow other substances, called hair-salt. It is also found with
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various degrees of impurity, sometimes with a smaller amou:3i of water.

loUected the list of analyses shown in the Table :-

Andyscs of Natural Sulphate of Alumina or Feather Alum.
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Oxide
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2-463 0-667 0-718 +SO'2'78 • • ofCop-
per

Protoxide
Man-
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Potash .

Soda . .

Lime . .

Magnesia
Muriatic
acid . .

Silica . .

"Water •.

• •

0-002

0-004

46-600

0-26
1-13

b-85

0-40
1-13

40-94

• •

0-14

1-37
44-64

6-215

0*-149

45-164

1-018

0-324

0-640

0-273

47-022

0-307

0-430

6-'449

1-912

0-430
48-847

• • • •

3-5

42-1

2*262

O'lOO
46-375

1-172

36-295

0-50

46-70

99-010 100-00 100-33 100-233 98-432 100-000 100-11 100-0 99-754 96-904 99-96

AXiVM, NATIVE. This term includes several compounds of sulphate of

alumina ynth. the sulphate of some other base, as magnesia, potash, soda, tho pro-

toxides of iron, manganese, &c. They occur generally as oiBorescences, or in fibrous

masses • Tvhen crystallised they assume octahedral forms ;
they are soluble m water,

and have an astringent taste. The foUomng species are the chief native alums, but it

should be understood that the proportion of -water of crystallisation is not the same in

all, and hence in some cases they cannot be brought Tvithin the general formula given

under the aiticle Alttm.
.-.n-^v. tr i *

Kalinite, or Potash Alum, found as an efflorescence on alum-slate at VVmtby, Hurlet

and Campsie.
. „ „ . ,

Mcndozite, or Soda-alum, fbund in South America. The foUoTVing analyses may

be cited :

—

Soda-alumfrom Peru, by T. TJwmson.

. Sulphate of soda . . . 6-50

Alumina .... 22-55

Sulphuric acid . . . 32-95

Water 39-20

101-20

Soda-alumfrom the Andes.

Sulphuric acid

Alumina
Soda . . .

"Water .

Silica .

Limo .

Peroxide of iron ,

Protoxide of iron

,

Tschermtgite, or Ammonia-alum, found at Tschermig in Bohemia,

been made of specimens from Tschermig, by Stromeyer :

—

Sulphate of alumina .

Sulphate of ammonia .

Sulphate of magnesia .

Water.

Alumina
Ammonia .

Magnesia .

Sulphuric acid

Water . .

11-602

3-721

0-115

36-065

48-390

99-893

36-199

11-511

7-259

43-819
0-180

0-256

0-199

0-760

100-162

Analyses have

. 88'688

. 12-478

. 0-337

. 48-390

99-893

JPickeringite, or Magnesia-alum, found near Iquiquo in Peru, and in Nova Scotia.

Ajpjohnite, or Manganese-alum, from Lagos Bay in South Africa,
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,

Bosjemanite, a Manganoso-alum, found near tho Bosjeman Eivor in South Africa,
and at Alum Point, noar tho Salt Lako, Utah.
AXiXTM, ROMA.ir {Alumcn liomanum. AUime di rocca, It.), called Bometimes

Sock or liock Alum, Soo Alum.
A.ttXfta. ROOT. Tho root of tho Geranium maculatum, a North American plant.

It contains a largo proportion of tannin, and is used as a powerful astringent.
AlbUlMC-SHAXiE. Tho cliief natural source from which the alum of commerce is

derived in this country. It occurs in a remarkable manner near Wliitby, in York-
shire, and at Hurlet and Canipsio, near Glasgow. A full description of tho alum-
shale, and of tho processes by which tho crystallisable alum is separated, will bo
found under Alum.

A.JtXrM-SStJi.TtX. A clay-slato containing bitumen and sulphide of iron, found
in tho North of England, in Scotland, in Scandinavia, and other places. The
common variety effloresces and acquires the tasto of alum. The glossy Alum-slate
is of a bluish-black colour, with a semi-metallic lustre. It swells upon exposure
to the air, owing to tho saline efflorescence formed between tl)e foliations, and is

eventually disintegrated.

AIiTTIMC-STONE or AXiTTMrTB. {Alun, Fr.
;
Alaunstein, Ger.)—T-his mineral,

in its purest form, is composed of alumina 37"13, sulphuric acid 38-53, potash 11-34,

water 13-00. Silica is also frequently present as an impiudty, sometimes to the extent

of 60 per cent. It is a white, greyish, or reddish mineral; afiFording a -white streak,

and an uneven; fiat, conehoidal fracture, which is splintery in the massive varieties.

It is transparent or subtranslucent.

Alum-stone is one of tho sources of the alum of commerce, which is obtained from
it in crystals after frequent roasting, and lixiviation in water. See Alum.

Alum-stone is found at Tolfa, near Civita Yecchia, in the Koman States (sometimes
in crystals) ; at Muszaly in Hungary ; at Pic do Sancy, in France, and in tho Grrecian

Archipelago. The compact varieties from Hungary are so hard as to bo used for

millstones.

AXiTTMCXirA. (APO*, atomic weight 51*4). This is tho only oxido which the

metal aluminium forms, and it is assumed to be a sesquioiido on account of its

isomorphism with sosquioxide of iron.

Alumina occurs in a native state, forming tho gems known as tho sapphire and the

rubj/, and in a less pure form as the minerals corundum, and emery. In a state of

Jiydrate, or in chemical combination with water, alumina constitutes the species known
as diaspore, gibbsite, and hydrargyllite. Such of these minerals as are of economic

value will be noticed under their respective heads.

Alumi-^a is obtained in the state of hydrate from common aliim (KO, SO' ; Al-0',

3S0' + 2'iHO) by adding a solution of ammonia (or better, carbonate of ammonia) to

the latter salt and boiling. The precipitate is white, and gelatinous in a high

degree, and retains tho salts, in tho presence of which it has been formed, with

remarkable pertinacity, so that it is very difficult to wash.

By drying and igniting, this hydrate, the anhydrous alumina is produced ; but it

may bo obtained more readily by heating ammonia-alum (NH* 0, SO' ; AP0'3S0' +
24H0). AU the .constituents of this salt are volatile, with the exception of the alumina.

Alumina, is insoluble in, water, but soluble both .in acids and alkalis. Towards

the former it plays the part of a.base, producing the ordinary alumina salts ; whilst,

with the latter, it also enters into combination, but in this case.it is an acid, forming

a series of compounds which may be called aluminates.

The important application of alumina and its compounds in the arts of dyeing and

calico-printing depends upon a peculiar attraction which it possesses for organic

bodies. This affinity is so strong, that when digested in solutions of vegetable

colouring matters tho alumina combines with and carries down the colouring matter,

removing it entirely from the solution. Pigments thus obtained, which are com-

binations of alumina with the vegetable colouring matters, are called ' lakes'

Alumina has not only an affinity for the colouring matters, but at the samq

time also for tho vegetable fibres, cotton, silk, wool, &c. ; and hence, if alumina bo

precipitJited upon cloth in the presence of a colouring matter, a most intimato union

is eflFectod between the cloth and tho colour. Alumina, when employed m this way,

is called a 'mordant.'

Other bodies Imve a similar attraction for colouring matters,/..^, binoxido of tin

and sosquioxide of iroil : eafch of these gives its peculiar shade to'tho colour or com-

bination, alumina changing it least. ,

ilr. Walter Crum' has discovered a peculiar soluble modification of alumina. Tho

binacotato of alumina has boon found by Mf. Crum to posscBS tho very curious property

' Chemical Society's Quarterly Jonmol, t1. 21C.
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•fT, U.. acetic acid until the whole is expelled, by the long-continued

of parting with its acetic acm uhl
^ alumina remains in the solution, in

application of heat to ,^«l;\tion of th^

a soluble allotropic condition.
JX^^^^^^^^^^ the opaque cakes formed by

^th dyewoods is translucent, entirdy d^^rent Ir^^^^^ 4 J

SdinaJy alumina ; hence this so ution
^J^^^^^^^^^^,^^^^^^^

separated from
Blumina, which is perfectly colourless

^°^^^J°'Kther an acid, an alkali, even of a

it by the sUghtest causes. A minute quantity
of^^tJ^^J^^^^^^^ The precipitated

neutral salt, or of a yegetab e
^^T^^f-^J^^^^^^^^^^ thLlhows anothe? allStxopic^'^^^^y^^^- W -l^ich it i» restored t. its

commonsto^ ^ ^^^^^^ ^^^^^^^ are ei^nsively used in

the"a^S^n^ct;nt^&^^^^
^th deposition of their alumina on the

Jb^^j/.^^"*^^^^^^ in dyeing
dant.. in f^^tfon the textile fabric is

they are mixed with the soM^^^^
fabric, which, in

rcTencfof rffinitiS^r: ^Sed to. Srrie's down the colouring matter with

Se tcZil oTafumina thus employed is obtained by treating sulphate of alumina
The acetate

filtering off the solution from the precipitate of sul-

rh"k"^^^^^^^ but the sulphate in this case does not

leave the soluti^so^lear o.^^^^^
resulting from the decomposition , of

According to Mr. Walter orum, ui
Rretate of lead contains

. to exis By evaporat ng this solution at low temperatures, e.g. in a
not aPP«^"°g^^^^„"fl',^: , below 38° C (100° F.), Crum obtained a fixed residue

SlX soSlfin"^^^^^^^^ compS^idon of Ach. in the dry state, approached

s?«&*Sr%^^^^ is the chief constituent of

common claT- it occurs also associated with the silicates of iron, magnesia, lime.

Tn^e aEs In a great variety of minerals, which w^ll be found ^e-^^ed ^

The most interesting of these are the felspars and the zeolites. See Clay, Felspah,

^^Of'course, being present iu clay, silicate of aluniina is the essential constituent of

porcelain and earthenware. See Eabtheitwahe and Pobcelaik.

AXUMXITA. SUI.PHATE OT. The neutral sulphate of alumina. Al^'O ,

'iSO' + 18H0 fAl'3SO« + X8H-0), which is obtained by dissolving alununa m sul-

phuric acid, crystallises in needles and plates ;
sulphuxic

^7;^^ ™,^^^^^
in other proportions, e.g. a salt of the formula APO'. 3S0» + APO' (A1^3SO« + Al O )

^vas obtained by Hons, and the solution of this salt, when largely diluted ^^th water

splits into the neutral sulphate and an insoluble powder containing Al 0 3S0

+ 2APO' + 9HO (Al'^3SO« + aAl=0' + 9H^O). This subsalt forms the mineral

ahimmite, or Websterite, found near Newhaven, and was found by Humboldt m the

schists of the Andes. , . , . . ^ j j. 1 „j
The sulphate of alumina is now extensively used m the arts instead of alum, under

the name of ' concentrated alum ' (see p. 122). For most of the purposes for which alum

is employed, the sulphate of potash is an unnecessary constituent, being only added

in order to facilitate the purification of the compound from injn ;
lor in consequence of

the ready crystallieability of alum, this salt is easily purified. Nevertheless Wies-

mann has succeeded in removing the iron from the crude solution of sulphate of

alumina obtained by treating clay Avith sulphuric a^iid, by adding ferrocyamde of

potassium, which throws down the iron as Prussian-blue ; the solution, when evapo-

rated to dryness, is found to consist of sulphate of alumina, containing about 7 per

cent, of potash-alum. About 1 750 tons of this article were produced at Newcastle-on-

Tyne alone in the year 1872. See also Alum, mu- li.
•

AX.Tn«EZirATB or SOBA. 3 NaO. APO' (SNa^O. A1=0'). This salt is now

manufactured on a large scale for use as a mordant in dyeing and calico-printing
;

in the preparation of lakes for pigments; in the manutacturoof certaiu forms of

artificial stone • and in candle and soap manufacture. The salt is generally obtained

by heating Bauxite with carbonate of soda in a reverberatory furnace. The

alumina present in the Bauxite combines with the soda, while carbonic acid is

expelled. On lixiviating the product, the aluminate of soda is dissolved out ; tha

Chemical Society's Quarterly Journal, vi. 21G.
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solution is then filtorod, and tlio filtrato ovaporatod to dryness. The salt is thusobtained as a wliitibh powder. See Bauxite.
AliiriVXINlTE. See Weustebite.
AlUMmiuM. iSym. Al., at. wt. 137.) The name Aluminium is deriTed

irom the Latin alumen, for alum, of which salt this metal is the notable constituent
Aluminium, though never found in the free state, occurs oxtensivoly diffused in

nature in alumina and certain of its salts, especially the silicates.
The native varieties of anhydroua alumina are, the sapphire, ruby, and corundum,

wiulst the liydrato occurs in nature in the minerals, diasporo aad gibbsite. But the
cliiof quantity of aluminium is found in the endless varieties of the mineral silicates
of alumina wth other bases, such as the felspars, micas, many kinds of clay the
zeolites, &c.

Alumina was first decomposed by Davy, who discovered the metal soon after
decomposing the other earths and alkalis ; but ho never seems to have obtained it
without some mixture of potassium. It is evident, however, that the earth was
completely reduced to the metallic state by him.
Wohler obtained aluminium pure in 1827 ' by the reduction of the chloride

of aluminium in the form of a grey powder. Later {1Mb)? he succeeded by the
same process in obtaining it in globules, which he describes as tin white, toler-
ably malleable and ductile, not materially oxidised by exposure to the air, of a
specific gravity of 2*5, but, when hammered, of 2-67 ; unacted upon by water at
the common temperature, but slowly disengaging hydrogen from water at the
boiling point.

In 1854 ^ Deville's first experiments on the preparation and properties of alumi-
nium were published. The method ho adopted for the liberation of the metal was
essentially the same as that originally employed by Wohler. But, by dint of im-
provements in the details of the process, he succeeded in procuring the metal in
larger globules, which wore silver-white, having a fusing point nearly approaching
that of silver, which were unoxidised when exposed to the air, even in a fused state,

and remaining bright even in boiling water, unattacked by either dilute or concentrated
nitric or sulphuric acid in the cold ; but dissolved by hydrochloric acid with evolu-
tion of hydi'ogen.

Oersted was undoubtedly the fitrst to prepare the chloride of aluminium,* and it is

even stated tliat he also procured the metal by the following method:—'Pure
alumina, intimately mixed with powdered charcoal, was introduced into a porcelain

tube
;
through this, when strongly heated, a stream of chlorine was directed, and the

chloride of aluminium formed was collected in a separate vessel. By mixing this com-
pound with an amalgam of potassium, containing a large proportion of the latter

body, and immediately heating the mixture, chloride of potassium was found, and the

aluminium combined with the mercury. This, on being distilled out of contact with
the air, gave oflf the mercury, whilst aluminium remained in the form of a metallic

button, closely resembling tin.' *

Deville's researches raised the hope that the metal might be obtained in sufficient

quantity to become of high technical importance, since it was probable that the

chloride of aluminium might be decomposed by cheaper metals at a higher tempera-

ture ; and he obtained a grant from the late Emperor of the French for the purpose

of prosecuting his investigations on a sufficient scale.

Bunsen also showed in 1854 ^ that aluminium could be obtained in regulino masses

by submitting the double chloride of aluminium and sodium or potassium to electro-

lysis in a fused state.

By fusing the chloride of aluminium (obtained by the process which will be found

described under the head of the chloride) with an equal equivalent of common salt,

he obtained a double chloride, which fused below 200° C. (360° F.), and from which

the metal is readily reduced by the same electrolytic process previously employed by

Bunsen in the case of magnesium. See Magnesium.

Bungen pointed out that the discrepancy existing in the properties of the metal in

the two states, as obtained respectively by "Wohler and Deville, arose from its physical

condition ; for Bunsen found that it was only the massive metal which possessed the

properties ascribed to it by Deville, that in fact the pulverulent modificatioa does

decompose water at 100° C, as stated by Wohler.

Almost at the same time Deville published the results of his experiments upon the

production of aluminium on a larger scale.' He quite gave up the hope of succeeding

» Poggondorll's Annalen, xi. 146. " Ann. Ch. ot. Pharm. liU. 422.

* Comptes Rendus, xxxviil. 279.
* Ferussai, Bui. des. Sc. Math6mat. &c. 182G, 276.

' Record of Mining and Metallurgy, PhiUips and Darlington.
• Pogg. Ann. xcii. CIS. ' Comptes Eendus, xxxix. 821,
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J fVin oVilnvules bvanvof the common metals. He ad-

in effecting the reduction of chlom^^^
scale, with

hered to Wcihler s and ^^^^^^ him to obtain the metal

(otpirteWojtub. 20O or 300 P'""-"'
f

"^ff'^"e^^^^^ to pass

S^^i'it

"""^LTo'Ts twch succeeds without much difficulty on a small scale, is performed

far morrsuc ^srfuSy as a manufacturing operation Two cast-iron cylinders are

now employed instead of the glass or porcelain tube, the anterior one of which

containsliJcliloride of aluminium, whilst in the posterior
^^^^.^^^^^^f^^^ ^^^^^

in a tray, about 10 lbs. being employed m a single operation. A smaller iron

cylinder ^;t,rmediate between the two former is filled with scraps of ^on^
serve to separate iron from the vapour of chloride of aluminium by ^oj^wti^^^^^^^^^^

perchloride of iron into the much less volatile protochlprido. They also separate

free hydrochloric acid and chloride of sulphur.
. , . . t. „+„^„

Dm-ing the progress of the operation the connecting tube is kept at a temperature

of about 400° to 600° F. ; but both the cylinders are but very gently heated, since the

chloride of aluminium is volatile at a comparatively low temperature, and the reaction

between it and the sodium when once commenced generates so much heat tnat

frequently no external aid is required.

Preparation of Alumvimm by Electroh/sis.-m. Gore has succeeded in obtaining

plates of copper coated with aluminium by the electrolysis of solutions of chlonde ot

aluminium, acetate of alumina, and even common alum ;
' but the unalloyed metal

cannot be obtained by the electrolysis of solutions. DeviUe, howler, produced it in

considerable quantities by the method originally suggested by Bunsen, viz. by the

electrolysis of the fused double chloride of aluminium and sodiuni ^a Ai

(2WaCl. Al^Cl"); but since this process is far more troublesome and expensive tnan,

its reduction by sodium, it has been altogether superseded.

Preparation of Aluminiumfrom Cryolite. So early as March 30, 1855, a specimen ot

aluminium was exhibited at one of the Friday-evening meetings of the Koyal institu-

tion, which had been obtained in Dr. Percy's laboratory by Mr. AUan Dick, by a

process entirely different from that of Devillo, which promised, on account ot its great

simplicity, to supersede all others.^ It consisted in heating small pieces of sodium,

pla^d in alternate layers with powdered cryolite, a mineral now found m consider-

able abundance in Greenland, which is a double fluoride of aluminium and sodium,

analogous to the double chloride of aluminium and sodium, its formula being 3^Ja
^,

Al' P (618-a r. Al=r»). The process has the advantage that one ot the materials

is furnished ready formed by nature. ,^ -r^• i
• i

The experiment was only performed on a small scale by Mr. Dick in a platinum

crucible lined with magnesia; the small globules of metal, which were obtained at

the bottom of the mass of fused salt, being subsequently fused together under chloride

of potassium or common salt.
• , i nr t> ^ -o t

Before the description of these experiments was published, M. Kose, of Berlin,

« PliU. Mag. vii. 207. ' IWd. x. 364,
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published a paper in Soptomber, 1865, on the Kiimo subject." In Eoso's experimonta
he employed cast-iron crucibles, in whicli was heated ton parts of a niixturo of equal
weights of cryolite and chloride of potassium -vdth 2 parts of sodium. The aluminium
was obtained in small globules, which were fused together under chloride of potassium,
as in Mr. Dick's experiments.

Rose oxporioncod a slight loss of aluminium by fusion under chloride of potassium,
and found it more advantageous to perform this fusion under a stratum of the double
chloride of aluminium and sodium, as Doville Lad done.
Ho never succooded in extracting the whole quantity of aluminium present in the

cryolite (13 per cent.), chiefly on account of the ready oxidisability of the metal
when existing in a very finely divided state, as some of it invariably does.

It does not appear that any attempt has since been made to obtain aluminium on
the largo scale from cryolite, probably from the supply of the mineral not pro-ving so

abundant as was at one time anticipated.

In all the processes which have been found practicable on any considerable scale,

for the manufacture of aluminium, the powerful affinities of sodium are employed for

the purpose of eliminating it from its compounds. The problem of the diminution of

the price of aluminium therefore resolves itself into the improvement of the methods
for procuring sodium, so as to diminish the cost of the latter metal. M. Doville's

attention was therefore directed, in the early steps of the inquiry, to this point; and
very considerable improvements have been made by him, which will ba found fully

described under the head of Sodium.
Deville* has since suggested the employment at once of the double salt of chloride

of aluminium and chloride of sodium (NaCl, AP CI*), instead of the simple chloride

of aluminium, so as to obtain the metal by means of sodium. He uses 400 parts

of this double salt, 200 of common salt, 200 of fluor spar, and 75 to 80 of sodium.

The above-mentioned salts are dried, powdered, and mixed together ; then with these

the sodium, in small pieces, is mixed, and the whole heated in a crucible under a

layer of common salt. After the reaction is complete, the heat is raised so as to pro-

mote the separation of the aluminium in the form of a button. It was found, however,

that cryolite was, with advantage, substituted for the fluor spar.

C. Brunner ' employs artificially prepared fluoride of aluminium ; but this method

cannot offer any advantage over the employment of the chloride, which is cheaper, or

the cryolite, which nature affords.

The following remarks on the manufacture of aluminium are from the pen of Mr.

Isaac Lowthian Bell of Newcastle, at whose works at Washington this metal was,

until lately, produced :

—

'Upon the introduction of its manufacture at Washington, the source of the

alumina was the ordinary ammonia-alum of commerce—a nearly pure sulphate of

alumina and ammonia. Exposure to heat drove off the water, sulphuric acid, and

ammonia, leaving the alumina behind. This was converted into the double chloride

of aluminium and sodium, by the process described by the French chemist, and

practised in France, and the double diloride was subsequently decomposed by fusion

with sodium. Faint, however, as the traces might be of impurity in the alum itself,

they to a great extent, if not entirely (being of a fixed character when exposed to

heat), were to be found in the alumina. From the alumina, by the action of chlorine

on a heated mixture consisting of this earth, common salt, and charcoal, these

impurities, or a large proportion thereof, found their way into the sublimed double

chloride ; and once there, it is unnecessary to say that, under the influence of the

sodium in the process of reduction, any silica, iron, or phosphorus found their way

into the aluminium sought to be obtained. Now, it happens that the presence of

foreign matters, in a degree so small as almost to be infimtesimal, interferes so

largely with the colour as well as with the malleability of the alumimum, that the

use of any substance containing them is of a fatal character. Nor is this all, for the

nature of that compound which hitherto has constituted the most important appbca-

tion of this metal—aluminium-bronze—is so completely changed by using alumimum

containing the impurities referred to, that it ceases to possess any of those properties

which render it valuable. As an example of the amount of interference exercised by

Very minute quantities of impurity, it is perhaps worthy of notice that very few

varieties of copper have been found susceptible of being employed for the manu-

facture of aluminium-bronze; and hitherto wo have not at Washington, nor have

they in France, been able to establish in what the difference consists between a)ppor

fit for the production of aluminium-bronze, and that wliich is usuaUy unsuitable for

the purpose. These considerations have led us, both here and in ^fance to adopt

the use of another raw material for the production of aluminium, which cither. docs

. Poggendorfl'8 Aimalon. and Pl>il. Mag. x. 233. " Ami. do Clum,ct Phye. xlvl. 415.

' Chemical Gazette,.185C, 838.
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,.nt contain the impurities referred to as so prejudicial, or contains them in such a

form as to admit of thoir easy separation. This materials Bauxite, so called from

Se name of the locality ^here it is found in France The Bauxite is ground and

XodZtl the ordinal soda-ash of commerce, and then heated m a furnace. The

S combines Tvith the alumina, and the aluminate of soda so formed is separated

?rom th?insoluble portions-viz., peroxide of iron, silico-alumina e of soda, &c.-by

Motion Muriatic acid or carbonic acid is then added to the solution, yhidi

Sows down pure alumina. The remainder of the process is precisely that which is

Scribedr Mons. St. Claire DeviUe. The alumina is mixed .nth common salt and

toal, mJde into balls the size of an orange, and dried These balls are placed in

verS earthen retorts, kept at a red heat, and through the heated contents chlorine

las iriassed. The elements of the earth, under the joint influence of carbon and

Sue at that temperature, are separated, the carbon taking the oxygen and

Jhe chlorine the alumidum. The latter substance accompanied by chloride of sodium

coiZoTsalt) sublimes over, and is collected as a double chloride of aluminium and

sodium Sodium,-being required to effect the decomposition of this compound —is

thus prepared. In smaU iron retorts kept at as high a temperature as iron can bear

a mi^ure of soda (carbonate of soda) and carbonaceous matter mth a little ground

chalk is placed. The metalUc base of the alkali distils over, and is collected in coal

oil A portion of the double chloride of aluminium and sodium, and the metallic

sodium, along ^th fluxes, is exposed to a full red heat in a reverberating furnace.

The sodium seizes the chlorine combined with the alumimum, and thus liberates the

latter metal, which falls to the bottom of the flxed mass. Alumimum is used in

sufficient quantity to keep the only work in England—viz., that at Washington-

pretty actively employed. As a substance for works of art, when whitened by means

of hycbofluoric and phosphoric acid, it appears well adapted, as it runs into the most

compHcated patterns, and has the advantage of preserving ita colour, from the

absence of all tendency to unite with sulphur, or to become affected by sulphuretted

hydrogen, as happens with silver.' Aluminium has been used in the manufacture

of weights and scale-beams for chemists, and for opera- and field-glasses, for which

purposes it is exceedingly valuable, by reason of its lightness and its not being

liable to tarnish. A greatly increased activity has been given to the manufacture ot

aluminium by its use in the manufacture of aluminium-bronze—a compound ot

exceeding beauty, so much like gold that it can scarcely be distinguished from that

precious metal.

Properties—The metal is whito, but with a bluish tinge, and even when pure has

a lustre far inferior to silver.

Specific gravity, 2-56, and when hammered, 2'67.
. .

Conducts electricity eight times better than iron, and is feebly magnetic. It is

highly sonorous.

Its fiising-point is between the melting-points of zinc and silver.

By electrolysis it is obtained in forms which Doville believes
_
to be regular octa-

hedra ; but Eose, who has also occasionally obtained aluminium in a crystalline state

(from cryolite), denies that they belong to the regular system.

When pure, it is unoxidised even in moist air ; but most of the commercial spe-

cimens (probably from impurities present in the metal) become covered with a bluish-

grey tarnish.

It is unaffected by cold or boiling water ; even steam at a red heat is but slowly

decomposed by it.

It is not acted upon by cold nitric acid, and only very slowly dissolved even by the

boiling acid
;
scarcely attacked by dilute sulphuric acid, but readily dissolved by

hydrochloric acid, -with evolution of hydrogen.
Sulphuretted hydrogen and sulphides have no action upon it ; and it is not even

attacked by fused hydrated alkalis. Professor Wheatstone > has shown that in the

voltaic series, aluminium, although having so small an atomic number, and so low_ a
specific gravity, is more electro-negative than zinc ; but it is positive to cadmium, tin,

lead, iron, copper, and platinum.

_
Impurities in Aluminium.—Many of the discrepancies in the properties of alumi-

nium, as obtained by different experimenters, are due to the impurities which are

present in it.

If the naphtha be not carefully removed from the sodium, the aluminium is liable

to contain carbon.

Frequently, in preparing aluminium, by the action of the chloride on sodium, by
Deville's ori^nal process, copper boats have been used for holding the sodium ; in
this case the metal becomes contaminated, not only with copper, but also with any

> Phil. Mag. X. 143.

Vol. I. K
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otlior inotals wliicli may bo prosont in tho copper—c.^. Salm-Horstmar ' found coppel'
in tho aluminium sold in Paris, and Erdmann dotcctod zinc;'-' and in every caso tho
metal is vory liable to bocomo mixed \vith silicon, either from tho earthenware
tubes, boats, or crucibles ; honco Salv6tat found, even in tho aluminium prepared by
JJovillo liimsolf, 2-87 per cent, of silicon, 2-40 of iron, 6'38 of copper, and traces of
load.

Tho following analyses of commercial aluminium -wero communicated to tho British
Association, at its mooting in 1857, by Professor Mallet : —

Made in Paris Made in Berlin
Aluminium. . . . 92-9G9 . . . 96-263
Iron 4-882 . . . 3-293

Silicon .... 2-149 . . . 0-464

Titanium .... trace . . , trace

100-00 100-00

Alloys of Aluminium.—Very small quantities of other metals suffice to destroy tho

malleability and ductility of aluminium. An alloy containing only ^th of iron or

copper cannot bo 'worked, and the presence of Jgth copper renders it as brittle as

glass. Silver and gold produce brittleness in a less degree. An alloy of 6 parts

of silver with 100 of aluminium is capable of being worked like the pure metal, but

it is harder, and therefore susceptible of a finer polish ; whilst tho alloy, containing

10 per cent, of gold, is softer, but, nevertheless, not so malleable as the pure metal.

The presence of even j^th part of bismuth renders aluminium brittle in a high

degree.

These statements by Tissier,' however, require confirmation ; for Debray states that

aluminium remains malleable and tough when containing as much as 8 per cent, of

iron, or 10 per cent, of copper, but that a larger quantity of either of these metals

renders it brittle.

It is curious that only 3 per cent, of silver are sufficient to give aluminium the

brilliance and colour of pure silver, over which the alloy has the great advantage of not

being blackened by sulphuretted hydrogen.

On the other hand, small quantities of aluminium combined with other metals

change their properties in a remarkable manner. Thus copper alloyed with only

^th of its weight of aluminium has the colour and brilliance of gold, and is still very

malleable (Tissier) ; and when the aluminium amounts only to fth {i.e. 20 per cent.)

the alloy is quite white (Debray). See ALtrMiNnjM Bronze.

An alloy of 90 parts of copper and 10 of aluminium is harder than common
bronze, and is capable of being worked at high temperatures easier than the best

varieties of iron. Larger quantities of aluminium render the metal harder and

brittle.

—

JDebray.*

An alloy of 100 parts of silver with 5 of aluminium is as hard as the aUoy

employed in the silver coinage, although the other properties of the silver

remain unchanged (Tissier). Similar alloys have likewise been prepared by

Dr. Percy.*

Messrs Calvert and Johnson describe " an alloy of 25 parts aluminium to 75- of

iron, which has the valuable property of not oxidising by exposure to moist air.

Uses of Ahminium.—No very important application of aluminium has yet been

made : although, at the time M. Deville's experiments were commenced, sanguine

hopes were entertained that aluminium might bo produced at a price sufficiently

low to admit of its practical application on a large scale, these anticipations have

not been realised ; and as yet, on account chiefly of its high price, tho applications

which have been made of this interesting metal are but few.
_

Its low specific gravity, combined with sufficient tenacity, recommends it for many

interesting uses. The fractional weights used by chemists, which are made of plati-

num, are so extremely small that they are constantly being lost; their much greater

volume in aluminium renders this metal peculiarly suitable. In the construction ot

the beams of balances, strength combined with lightness are desiderata; and M.

Devillo has had very beautiful balance-beams made of this metal ;
but at present its

high price has prevented their extensive adoption.
. i, , , . j

These same qualities render this metal suitable for the construction of helmets and

other armour ; but at present these are but curiosities, and are likely to remain so,

' Journal pr. Ohem. Ixvii. 493. ' Jonmal P^;Chem. L^i- 494.

• 0. and J. Tissier, Comptes Rendns, xliii. 885. ' ^""^P^.
PiSl Mne^* 246

• Proceedings of the Eoyal Institution, Marcli 14, 18CC. ^oil. Mag. x. iiQ.
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unless some cheaper method of eliminating the metal than by the agency of sodium

^"^Tordon has shown that the amount of tension which aluminium wire was

capable of resisting will be found to be between that of the best iron and the best

'^Rrobabiy one of the most interesting of the applications of aluminium (at least in

p. sdentific point of view) that has been made, is that by Deville and Wohler, of

Xwng it t^^^^ production of crystalline allotropic modifications of certam other

Sehts Ireyiously unknown in that state-e.^-. boron, silicon, and titanium It

depends upon the fact that these elements, in the amorphous state, dissolve m fused

aSinium, and on cooling the molten solution, they slowly separate from the

aluminium in the crystalline state.
„ ,i i i i,-*. *

Aluminium may be gilded by being dipped into a solution of the hyposulphite of

sold after it has been well cleaned by the successive use of potash, mtric acid, and

water Aluminium is soldered with difiaculty. The most successful method is to coat

the aluminium with copper by the electrotype process, after which, soldering can be

effected in the usual way. t i, td
AIiUMINlUM-BROXa'ZB. This alloy was a discovery of Dr. John ifevcy,

E E S , and it appears to be a true chemical compound. Mr. I. L. Bell, who manu-

factured this beautiful metallic compound on a large scale, thus describes its manufac-

txire
•—' Copper is melted in a plumbago crucible, and, after being removed from

the furnace, the solid aluminium is added. The union of the two metals is attended

with such an increase of temperature, that the whole becomes white hot,.and unless

the crucible containing the mixture is of a refractory material, it is fused by the

intensity of the heat. A vessel which has resisted a heat suflacient to effect the fusion

of copper has been melted when the aluminium has been' added.'

The value of aluminium-bronze will be gathered from the following statement of

results obtained by Lieut.-Colonel A. Strange, F.E.A.S., and communicated by him

to the Astronomical Society. Lieut.-Colonel Strange recommended this metal as a

valuable material for the construction of astronomical and other philosophical

instruments. Kegarding the most important qualities as—1. Tensile strength

;

2. Kesistance to compression ; 3. Malleability ; 4. Transverse strength or rigidity

;

5. Expansive ratio ; 6. Eounding qualities ; 7. Behaviour under files, cutting tools,

&c.; 8. Eesistance to atmospheric influences; 9. Eitness to receive graduation;

10. Elasticity; 11. Eitness for being made into tubes; 12. Specific gravity—experi-

ments were made to determine each of those conditions.

Tensile strength.—The result of trials by Mr. Anderson of "Woolwich was—the

average tenacity of this metal proved to be 22 tons 12 cwt. (50,624 lbs.) breaking

weight per square inch. Elongations did not take place until 4,300 lbs. in the

one case, and 3,600 lbs. in the other had been applied, when a permanent elonga-

tion was noticed of '009 of an inch in the first specimen and -034 of an inch in

the last.

Eesistance to compression,—The ultimate amount of compression applied was

59 tons 2 cwt. 1 qr. 4 lbs. (132,416 lbs.), under which the specimen became much
distorted. ' The specimen subjected to this enormous pressure, distorted though it

is, does not exhibit the trace of a fissure. The cohesion of its particles is inviolate.'

Compression was not perceptible until 9 tons 2 cwt. per square inch (20,384 lbs.)

was applied, when the specimen gave way to the extent of -006 of an inch ; and on

the weight being removed an elasticity of '001 was observed, which gives the first

permanent compression as "005 of an inch.

Malleability.—The quality of this metal for forging purposes would appear to be

excellent. There were specimens in the International Exhibition of 1862, showing
that the alloy could be drawn out under the hammer almost to a needle-point.

Transverse strength,—These experiments were made by Messrs. Sinuns. The same
weight applied to these bars altered the index of the instrument as under :

—

Brass 2-22 divisions

Gun-metal 0*15 „
Aluminium-bronze 0*05 „

Hence aluminium-bronze is 3 times more rigid than gun-metal, and 44 times more
rigid than brass.

Expansive ratio.—Aluminium-bronze is affected by change of tomper9,ture a little
less than gun-metal, and much less than brass.

Founding qualities.—The alloy produces admirable castings of any size.

Behaviour under files, cutting tools, Sfc,
—'In this respect it leaves nothing to be
K 2



132 ALVITE

desired. It does not clog the file ; and in the latlio and planing-macliine the tool

removes long elastic shavings, leaving a fine, bright, smooth surface.'

Eesistancc to atmospheric ivjlucnccs.—This alloy tarnishes much less readily than

any metal usually employed

—

\\z. gun-motal, brass, silver, cast-iron, or steel.

Fitness to receive graduation, — The lines are remarkably pure and equable,

and very distinct under the microscope, notwithstanding the yellow colour of the

metal.

Elasticity.—mo wires tried for the suspension of Toucault's pendulum for illus-

trating the rotation of the earth were so durable—not oven those of steel—^under that

severe ordeal, as wires of aluminium-bronze.

Fitnessfor being made into tubes.—It admits of every process necessary for this

purpose.

S;pecifio Gravity.—Tho specific gravities of alloys of aluminium and copper are

3 per cent, of aluminium 8'691

4 8-621

5 „ 8-369

10 „ ....... 7-689

At the Elswick Works Captain Noble, E.A., confirmed previous experiments on tho

capability of aluminium-bronze to resist longitudinal and transverse fracture ; and in

addition to this he ascertained that its position to_ withstand compression stood half-

way between that of the finest steel and the best iron.

The bronze, containing 10 parts of aluminium and 90 of copper, affords an alloy

endowed with the greatest strength, malleability, and ductility. The colour of

the copper is affected by a very trifling addition of the other constituent, and the

alloy gradually improves in these valuable qualities just mentioned, until the

proportions given above are reached. After this—ic. when more than 10 per cent,

of aluminium enters into the composition of the bronze—the alloy gradually

becomes weaker and less malleable, and at length so brittle that it is easily pounded

in a mortar.

AXiVMINZUM, CBXOKZDS OF. Al^Cl' = 133-9 (Al^Cl"). Preparation.—

Chloride of aluminium cannot be prepared by treating alumina with hydrochlonc acid,

as in the case of most chlorides ; for on evaporating the solution to dryness, hydro-

chloric acid is evolved and alumina alone remains.
. . ,i ^ a

The method at present used is, in principle, tlie same as that originaUy suggested

by Oersted, which has since found numerous other applications. It is impossible to

convert alumina into the chloride by the direct action of chlonne alone
;
at any tem-

iDerature the chlorine is as incapable of displacing the oxygen from the alumina as it

would from lime. But if the attraction of the chlorine for the metal be supported by

the afianity of carbon for the oxygen, then the compound is, as it were, torn asunder-

carbonic acid or carbonic oxide resulting on the one hand, and the chloride of alu-

minium on the other.
. i j •

i. „io,.

On the large scale the chlorine is passed over a previously igmted mixture ot clay

and coal-tar, contained in retorts like those used in the manufacture of coal-gas,

which are heated in a fui-nace; the chloride, which on account of its volatility is

carried off", being condensed in a chamber lined with plates of earthenware, where it

is denosited in a crvstalline mass. , , •, • .

Properties.-lt is a yellowish crystalline solid, readily decomposed by the moisture

of the air into hydrochloric acid and alumina, and volatile
J^^^^^^'-*^

vcrv soluble in water, but cannot be recovered by evaporating the solution.—H.M.W.

Chloride of aluminium has been brought into use as a disinfectant under the name

oiCMo^n^
The existence of the

fiufrS™^uWum in nature, in the form of t\ie double fluoric of -^um and

aluminium, namely, 3Na F, APF (CWal'- ^l^*^')- ^«
"^^\*f{ito

mineral in the manufacture of alumimum, have been «^/°^dyj^;;<^;^3*J,J, ^^^^^
of aluminium likewise exists in several other minerals, namely, the topaz, pycmto,

fluellite, chiolite, pachnolite, gearksutite, &c.
r>„rA ilnminium in

The ^ure fluoride can only be obtained artiflcially by WJ^tj^XorSS of
hydrofluoric acid. It has a great tendency to form double salts with the fluorides oi

^ AliS^OcIi'S^^^^^ mineral, from Eibenstock. in Saxony It

appears to bo an impure form of opal, containing-in addition to the hydrous sUica-

a notablo proportion of lime and alumina.

AXrVA or AXiFA. See Espakto Grass. ^ r.^^i,^^ j Mr T
AlVITB. A Norwegian mineral, described by Mr. Da^id Forbes and Mr. 1.
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Dahll Ifc is a hydroufl silicato of complex constitution, containing yttria, thoria,

^^^d'ASot^' (Sit.rSt«?Ger.) The name of a spongy com-

Tni^^fsub^uU Fep^^^^^^ a species of fungus, the Soletus^ ignianus, ^vhich grows
bustiblesuDSKvnce. pioi. i-

beeches, &c. ; it is sometimes known as spunk,
on the trunks oV^. ^^; ™TSffn tMs country it is caUed GerTmn, tinder. It must

lltltye^^lte^^^^^ indigenous; when it makes its first appearance, at

?s alXronid wt-like body, not larger than a pea
;

it gradually J™
and hardness till it becomes of a darkish brown, and is as large as an apple. It after-

Ws S a h^^^^^^^^ direction, forms a border, and becomes covered with

rmeroS closely-packed tubes on its under sxu^face. The Boleius fomentarzus^ is

Sher fnSno^us fungus, found on the oak and birch. This is also usedm preparing

Za£ It was formerly used in sm-gery, and has hence been caUed Surgeons

I "aric Amadou is prepared by removing the outer bark with a knife, and separating

t.Sytrspongy substance-of a yeUow brown colour which lies withm it-from

?S gneous matter below. This substance is cut into thin slices and beaten with a

mallet to soften it, till it can be easily pulled asunder between the fingers. In this

Se the boletus is a valuable substance for stopping oozing hsemoi^hages, and some

odTer si^gical purposes. To convert it int« tinder it must receive a finishing prepara-

tion, whifh consists in boiling it in a strong so ution of nitre, dicing it bea^^^^^^^

ane^, and putting it a second time into the solution. Sometimes, indeed, to render it

ver/inflammable, it is imbued with gunpowder, whence the distinction of black and

^""Sd t^^pS-balls of the lycopodium genus of plants, which have a Aeshy or fila-

mentous structure, yield a tinder by soaking in gunpowder-water. The Hindoos

employ a leguminoi's plant, which they caU solu, for the same purpose. Its thick

spongy stem, being reduced to charcoal, takes fire like amadou. See Agaeic._

AMAlGAia. When mercury is alloyed with any metal, the compound is caUed

an amalgam of that metal ; as, for example, an amalgam of tin, bismuth, &c

Some Amalgams are solids and others fluids; the former are often crystalline, and

the latter may be probably regarded as the solid amalgam dissolved m mercury.

SUver Amalgam may be formed by mixing finely-divided silver with mercury, ihe

best process is to precipitate silver from its solution by copper, when we obtain it in

a state of fine powder, and then to mix it with the mercury.
, . ^, . „

A native amalgam of mercury and silver occurs in fine crystals in the mines ot

Moschellandsberg, in the Palatinate : it is said to be found where the veins of copper

and silver intersect each other. Its existence is also recorded in Hungary and

Sweden ; at Allemont, in Dauphin^ ; Almaden, in Spain ;
Kongsberg, m Norway ;

and in

Chili ; and the following analyses have been quoted :—

Silver Mercury

Moschellandsberg . . . 36-0 . . . 64-0 byKlaproth.

Ditto . . . 25-0 . . . 73-3 „ Heyer.

Allemont . . . . . 27-6 . . • 72-5 „ Cordier.

If six parts of a saturated solution of nitrate of silver with two parts of a saturated

solution of the protonitrate of mercury are mixed with an amalgam of silver one part

and mercury seven, the solution is speedily filled with beautiful arborescent crystals

—the Arbor Diana, the tree of Diana,—or the silver tree.

Gold Amalgam is made by heating together mercury with grains of gold, or gold-

foil ; when the amalgam of gold is heated, the mercury is volatilised and the gold

left. This amalgam is employed in the process known as that of fire-gilding, although,

since electro-gilding has been introduced, it is not so frequently employed. A gold

amalgam is obtained from the platinum region of Columbia ; and it has been reported

from California, especially from near Mariposa. Schneider gives its composition,

mercury, 57-40; gold, 38-89
; silver, 5-0.

Tin Amalgam.—By bringing tinfoil and mercury together, this amalgam is formed,

and is used for silvering looking-glasses. If melted tin and niercury are brought

together in the proportion of throe parts mercury and one part tin, the tin amalgam

is obtained in cubic crystals. See Silvering Glass.

Electric Machine Amalgam.—^Melt equal parts of tin and zinc together, and add

throe parts of mercury ; the mass must be shaken until it is cold, and rubbed down
with some lard to give it the proper consistence.

Sodium Amalgam, used for separating gold from its ores. See Gold, Silvee.

Copper Amalgam.—The French dentists have long made use of this for stopping

tcoth. It is sold in small rolls of about a drachm and a half in weight ; it is covered

with a greyish tarnish, has a hardness much greater than that ofbone, and its cohesion
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and solidity aro coubidorablo. Wlion lioatod nearly to tho point of boiling water this

amalgam bwoUs up, drops of morciiry oxuding, whicli disappear again on tho cooling
of tho Kiibstanco. If a pioeo, thus heated, bo rubbed up in a mortar, a plastic

mouldable mass, like ])oov clay, is obtained, tho consistence of which miiy, by con-

tinued kneading, bo increased to that of fat clay. If the moulded mass bo loft for ten

or twelve hours, it hardens, acquiring again its former properties, without altering its

specific gra\'ity. Hence tlie stopping, after it has hardened, remains tightly fixed in

the hollow of the tooth. Tlio softening and hardening may bo repeated many times

with, the samo sample. Pcttenkofer ascribes thoso phenomena to a state of

amorpliism, into which tho amalgam passes from tho crystalline condition in the

process of softening. All copper amalgams containing between 0-25 to 0-30 of copper

exliibit tho same beliaviour. Tho above chemist recommends, as tho best mode of

preparing this amalgam, that a crystalline paste of sulpliate of suboxide of mercury

(prepared by dissolving mercury in hydratod sulphuric acid at a gontlo heat) bo

saturated under water at a temperature of from 60° to 70°, with finely divided

roguline copper (prepared by precipitation from sulphate of copper with iron). Ono

portion of the copper precipitates the mercury, with formation of sulphate of copper
;

tho other portion yields with mercury an amalgam : 100 parts of dissolved mercury

require the copper precipitated, by iron, from 232-5 parts of sulphate of copper. As

in dissolving tlie mercm-y the protoxide is easily formed instead of tho suboxide, par-

ticularly if too high a temperature be maintained, it is advisable, in order to avoid an

excess of mercury in the amalgam, to take 223 parts of sulphate of copper, and to add

to tho washed amalgam, which is kept stirred, a quantity of mercury in minute

portions, corresponding to the amount of suboxide contained in tho mercury salt, until

the whole has become sufficiently plastic. This amalgam may be obtained hy

moistening finely-divided copper with a few drops of a solution of nitrate of suboxide

of mercury, and then trititrating tho metal with mercury in a warmed mortar. The

rubbing may be continued for some time, and may be carried on under hot water,

mercury being added until the required consistence is attained.

A remarkable depression of temperature during the combination of amalgams has

been observed by several chemists.

Dobereinor states that when 816 grains of amalgam of lead (404 mercury and 412

lead) were mixed, at a temperature of 68°, with 688 grains of the amalgam of

bismuth (404 mercury and 284 bismuth) the temperature suddenly fell to 30°, and by

the addition of 808 grains of mercury (also at 68°), it became as low as 17°; the total

depression amounting to 51°.
_ ^ ^ , ^ , , j i

In certain proportions of mixture of the constituents of fusible metal (tin, lead, and

bismuth) with mercury, Dobereiner formed surprising depressions of temperature ; the

temperature, he records of one experiment, sank instantly from 65° to 14°.

AlVIAIiGAMATIOM". See Gold and Silver.

AIKEAIiIC ACID. A feeble acid obtained by decomposing caffeine with

'^^AWIAWDINB. An albuminous compound, said to exist in sweet almonds.

ABIAXTITA lauSCARlA. A poisonous fungus used in Kamtschatka and

Siberia as a narcotic and intoxicating agent. The specific name has reference to its

use when steeped in milk, as a fly-poison. An orgamc base, called amamtine, has

been separated from this fungus. By some authorities the poisonous properties are

refci-recl to the presence of a peculiar acid called muscanc acid.
. ^

AiSiARIKTB, or Benzoline. C«H'«N'' (C='H"'N=). An orgamc base obtained

bv boiling hydrobenzamide with solution of caustic potash. The hydrobenzamide is

prepared by the action of ammoma on pure oil of bitter almonds.
, „ ,

AiaAZOW STONE. A bluish-green variety of Felspar (Orthoclaso). It is found

at Lake Ilmen in Kussia, of a verdigris-green variety. That from Baikal in Siberia

S composed of silvery spangles in a green base, of which small vases and. other orna-

ments are imde.^ Sm^Felspab.^^^
.^^ ^^^^ ^^^^^^ editions of this Dictionary,

tho Cid-ambar, as it was called, was confounded with liquid storax or styrax. It

is obtoTnedfrom the Liquidamhar styradfiua of Linnaaus, gro^nng in Louisiana and

Mexic^ whSeas tho storax is procured chiefly-it is_ now entirely-from Trieste;

storT'wroriginally extracted from the Styrax officmali3,M grows in various

?irt?of Greece but this resin is lost to commerce, and the present commercial bqmd

Sax ™Ts to be otto^ ii?»Mar oMalc (Muller) Pereira, quoting

SSer?^' RepVrtorium,' informs us that tho storax is known in the East as buchun-

T iauid-ambar is rarely used in any art or manufacture. It is brownish asli-

oni" coSence of Spontine, dries up readily, smells agreeably, like benzoin.

Ss^^bittoish? sharp, burnini taste; is soluble in 4 parts of alcohol, and contains

only I'l pel cent, of benzoic acid.
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/cr • T7^. R.rnstein Gev.) The Electron of the Gveeka, to yvhom
AMBER,

(^"^'"'''f^ifjrf^^^^^ Prom its peculiar property of

this substance appears to
^^"^^^^^^deS our wd eleciriciiy. It appears

:nanifesting electrical Pheno^^^^^^
^ ^^^^.^^^ ^

to have been know to the 1^°^^°^
„^g either tourmaline or zircon), and,

applied by Theophi-astus to
^^f^^" S ancients also gave the name

because of its supposed vegetable ongin^^^s^^^^^^^
Electb™.

imposition of amber, according to Sclirotter. is-

.
78-82

Carbon 10-23
Hydrogen jq-O
Oxygen

Its Bpeeiflc gravity varies, by

negatively and powerfully el^/^^ncal by frictio^
smoke of a pungent odour;

it takes fire, Bwells ,
considerably, and exha^^^^^^

^bl^s it in several respects,

''^?e textoe of amber is resino-vitreous, its fracture conchoidal, and lustre glassy

SSs from the beak into the receiver. Possil resins, such as that of I^ghgate

found inThe London-clay formation, do not afford succimc acid by heat
;
nor does

'°lf is now admitted that amber is not a simple resin. For the niost pax-t it

consists ofTpeculiar resin, which is said to resist the action of all known solvent.

anSs toXsubstance'that Dana has appHed the term ,
as

rnTrirmil sBecies But in addition to this resin—which forms from 85 to 90 per cent.

SSer-There are two other resins soluble in alcohol and ether, together with the

onSd succiidc add above mentioned. It would appear that several distinct resinous

substances 0^^^^^^ in a fossil state, have been classed together under the common

n^mfof amSer ife in commerce copal and gum anime are occasionally sold for true

^"when amber is found embedded in its original position, it is usually l^J><i^
«f ^h^

brown-coal formation of lower tertiary age; but fossil resms, apparently identical

Sramber, also occur in upper cretaceous rocks, and in strata of even ^eater age

As a rule, the amber is found almost uniformly in separate nodiiles, disseminated in the

sand claV, or fragments of lignite of the plastic-clay formation.
_

The_ size of these

nodides 4ies froTthat of a ?ut to a man's head ; this magmtude is very rare m
true amber. It does not occur either in continuous beds, like the chalk-flints or in

veins; but it lies at one time in the earthy or friable strata which accom?any or

include the lignites ; at another entangled in the ligmtes themselves. Ihe pieces of

amber found fn the sands, and other formations evidently alluvial, those met with on

the sea-coasts of certain countries, and especially Pomerania, .^^^^^^^^^^y
™

the above geological formation; for the organic matters found still adhenng to the

amber leave no doubt as to its primitive place.
„„^„r,nc^

The vegetable origin of amber is satisfactorily determined by its chemical composi-

tion, its optical properties,-as shown by Sir David Brewster,-and by the condition

in which insects and the remains of insects are found in this resm, along with irag-

ments of leaves and stalks. Certain families of insects occur more abundantly than

others Thus the hymenoptera, or insects with four marked membranaceous^ wings,

as the bee and wasp, are not abundant. The diptera, or insects with two wings, as

gnats and flies, are more numerous. Then come the spider tribo, some coleoptera

(insects with crustaceous shells or elytra, which shut together and form a longitudinal

. suture down the back), or beetles—principally those which live on trees, as the

elatcrides, or leapers, and the chrysomelida. The insects appear evidently to havo

struggled after being entangled in the then viscous fluid, and occasionally a log or a

wing is found at some distance from the body, which had been detached in the efforts

of the insect to escape from the resin. Goppert has named the tree supposed to have

yielded most of the amber, Finites succinifef, but he has shown that several other

coniferous trees, of older tertiary age, have also yielded this product.
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Gormar and Schwoigor stato that tho insects onvoiopod in aml^er are in general
such as sit on tho trunks of treos, or live in tho fissuros of their bark. Those
naturalists have not boon able to rofor thorn to any living spocios ; but it has been
obsorved that thoyrosomblo moro tho insects of liot climates than those of the tempe-
rate zones. Tho Eov. E. W. Ho])o, F.R.S., in his paper on the ' Succinic Insects,'
states thorn to bo altogether extra-European. D. T. Tcssler sent to tho Exhibition, in
1851, a piece of amber containing tho leg of a toad.

Amber is found abundantly on the Prussian coast of the Baltic, occurring from
Dantzic to Momol, ospocially between Pillau and Dorfo Gross-Hubnicken. It is also
found in many of tho lignite worldngs opened in tho groat plain of North Germany.
A rich and unexpected locality -was discovered a few years ago in Kurland. It
occurs also on the coast of Denmark and Sweden ; in Gallicia, noar Lomberg ; and at
Missan, in Poland ; in Moravia, at Boskowitz ; in tho Uralian Mountains, Eussia

;

near Christiauia, Norway ; in Switzerland, noar Basle, and other places. Small
quantities are occasionally found in tho clay of the Paris and the London basins.
' Amber is occasionally met with in tho gravel-pits near London, and I have seen
specimens which were found in Hyde Park. At Aldborough after a raking tide it

is tlirown on the beach in considerable quantities, along with masses of jot.'

—

Bev. F. W. Hope, Trans. Ent. Soc. On tho Sicilian coast amber is sometimes found
having a peculiar blue tinge. Large discoveries of amber have been reported from
Australia.

Amber is collected on the coast of Prussia in several ways. It is found in the
beds of streams ; in the sand-banks of rivers ; in pieces thrown up by the sea and
rounded by the waves ; it is sought for in the cliffs, and in some places mining
operations for it are carried on.

The amber-fishers, clothed in leather dresses, wade into the sea, and seek to

discover tho amber floating on its surface, which they secure -with bag-nets hung at

the ends of long poles. They conclude that much amber has been detached from its

bed, when they discover many pieces of lignite floating about. Mining is carried on
by sinlcing through the sand and superficial strata to the beds containing the amber
and lignite

;
many of these pits are sunk to tho depth of 130 feet. The faces of the

precipitous cliffs are explored in boats, and masses of loose earth or rock supposed to

contain the object of search are detached with long poles having iron hooks at their

ends.

The most extensive use of amber is for tho construction of mouth-pieces to pipes
;

these form an essential constituent of the genuine meerschaum and the Turkish pipe.

There is a ciu-rent belief in Turkey that amber is incapable of transmitting infection,

and as it is a great mark of politeness to offer the pipe to a stranger, this supposed

negative property of amber accounts in some measure for the estimation in which it

is held. Amber necklaces are not uncommon : the Eussian peasant girls adorn them-

selves with double and treble rows of amber beads, but it not unfrequently happens

that copal is substituted for the genuine article.

The Prussian Government is said to draw a considerable annual revenue from

amber. A good piece of a pound weight fetches 50 dollars. A mass weighing 13

pounds has been found, the value of which at Constantinople was said to be not less

than 30,000 dollars.

When amber is to be worked into trinkets, it is first split on a leaden plate at a

lathe, and then smoothed into shape on a Swedish whetstone. It is polished on the

lathe with chalk and water, or vegetable oil, and finished by friction with flannel.

Amber, after having been filed, may be polished with Trent sand, or scraped

Elanders brick on flannel with water, or with rotten-stone with oil on flannel, or the

- same material dry on the hand. Turned works are, however, generally polished first

with glass-paper and then with rotten-stone and oil. Necklaces and other ornaments

in amber are frequently cut into facets by the gold-cutters, those artisans who cut

and polish facetted works.

—

HoUzapjfel.

From the electrical character of amber, it frequently during the process of pobshing

becomes so excited as to crack and fly to pieces. The workmen, therefore, take

several pieces, and work them each for a short time and in regular order These

men are said to be seized with nervous tremors in their wrists and arms from the

electricity thus developed.

Pieces of amber may be neatly joined by smearing their edges with linseed oil and

pressing them strongly together while they are held over a charcoal fire.

AMBSB, ACXB OP. Soe SUCCINIC AciD. ,.,.„. v r
AMBER, Oil. OP. {Olevm suocini). This is obtained by distilling amber, for

which purpose chippings of amber and inferior pieces aro used. "Wlien it is distilled

with charcoal, the first product is tho rcct^M oU of amber. The oil of amber has a

composition of H'" (C-H"). When 1 part of rectified oil of amber is dissolved in
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. ^ 'MQ and 96 of caustic ammonia of '916, eau de luce is formed.

24 parts of alcohol of 830. aii<J -^"^^ ^^^^1 ^^^^^

quentlyadministorod in spasmodic dis^
^^^^ dissolving

AMBER VARNISH. ^ previously heated in an iron

amber in drpng l\n8eod oil Th^
^^^J ^^,^,T^ semi-fluid form. The oil, wh ch

ran::rali"math'^l'?B"tr^^^^^^
amber.and the mixture dili-

gently stirred. , , f„ tVio hf^t* 16 ounces of amber and 10
' tZ follo^ng proportions- sta^^^^^

J^^'^Lvfmethod.'thoroughly incorporated,

ounces of bnseed oil. When tnese are, oy
turpentine must be added,

and the liquid is somewhat cooled,
^ P^^.^rnXn- 16 ou of amber and adding

Black coachmaker's ^in^ linse^ed oil 3 ounces of asphaltum, and

thereto about half a pint^ the .fire

trsXnSfgS var^h is removed, and. after cooling, a pint ofwm oil of

turpentine is added.
• t „j? ,.«o^t,ci two of which are soluble in alcohol

i^nber is composed of a
S?d wS forms by far the greater

ether, and in certain hydrocarbons ;
whikt the t^^^^^^^ J | ^^^^

part of the amber, is insoluble
'^^^.^'Za^lY^^,, JZu vZishcs f but these are

r^X'iZsr^'"^^^^^^
varnishing coUodion pictures.

secretion from the

ha, not been found in any whales bnt such as
J*™

^e™
'g^'^^J V^lo are

IraSXK'S^e'^.et^^^^^^^
nates in the intestines of that ammal.

blackish veins or spots, scarcely

•Jio heated point of a knife it vaporises completely away

Thfl Chinese trv the genuineness of ambergris by scraping it fine upon Doiiing

tea?ft shouTd diSK an'd diffuse itself generally. Black or
-J^^-^^^^^^^^^^^^^

md'uniform is generally factitious It has often a
^^ff^^f

^^^^'.'^^.^

and black; has a fatty taste, is lighter than water melts at 60 C (Uo oissoives

readily in absolute alcohol, in ether, and n both fat and
J^Jf/.^ ^^^^^

The^hemical composition of ambergris is represented by the \™
W- 0 CC" O). True ambergris is very rarely met with, by far the laigest

proportion ^o?that whiJh is sold as amrergris being Y^^P-^^l^,^;^^^^^
iJk. The alcohoHc tincture of ambergris is highly fluorescent in

^^^^f
^'

^

a characteristic yellow green rim on the surface of the solution. This is a test by

which genuine ambergris may be distinguished from such as is sp^io^s.

Capt^ Alex. Hamilton, in his ' Thirty Years' Expenence ' says, S^^^^^^V^^^^^

south-west monsoons, they find ambergrease floating on the sea I
^^^^^^^ or

Adda Eajah's possession as big as a bushel ; and he valued ^ at 10,000

1,2501. sterling.' This was at the Laccadive Islands. 170 miles from the Malabar

Coast.—iVfiw Account of the East Indies, 1688 to 1730.
;^T.r.rtfi(l in

In Franco the duty upon ambergris is 62 francs per kilogramme when imported m
French vessels, and 67 francs when imported m foreign vessels.

IVIr. Temple, of British Honduras, speaks of an odorous substance thrown off by the

alligator, which appears to resemble ambergris.

AiaBOTOA WOOD. A beautiful wood much used for inlaid work, bevcral

varieties are imported, but probably all are produced by one species-the Pterosper-

mum Indicum, a tree belonging to the Byttneriace<B or chocolate order

AMBRSrNE. The fragi-ant substance of ambergris, which may be obtained by

digesting ambergris in hot alcohol, from which, on cooling, it is deposited m a

crystalline form. It is composed of C 88-37, H 3-32. U 3-31. "

AKBRXTB. A fossil resin occurring in large masses m New Zealand, and much

resembling the common resin of the Dammara Australis, with which it is often exported.

AlVKBROSIME. A rosinous mineral found in the phosphatic beds near Charleston,

South Carolina, U.S.
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AMETHTST^ {Amithyste ocoidmtale, Fr.
;
Amethyst, Gor.) One of the vitreous

yariotioB of quartz, of a dear purple or bluish-violot tint ; but the colour is frequently
irregularly diflftiBod, and gi-adually fades into white. The colour is supposed to bo
due to tho presence of a small por-contago. of manganese, but Heintz attributes it to a
compound of iron and soda. The amethyst, from tho beauty of its colour, has always
boon ostoomod and used in jowoUcry. It was one of tho stones called by the ancients
afj.4duffTos, a name whicli thoy conferred on it from its supposed power of prosorring
tho wearer from intoxication. Tho most beautiful specimens are procured from
India, Ceylon, and Persia, where they occur in geodes and pebbles : it is also found
at Oberstein, in tho Palatinate ; in Transylvania ; near Cork, and in tho Island of

May, in Ireland.—H. "W. B.

AMETHVST, ORXEWTAIj. {AmHhyate orientale, Fr.
;
JDemanispaih, Gcr.)

This term is applied to those varieties of corundum which are of a violet colour. 8eo

COEUNDUM. H. W. B,

AIMCXAIO'THVS is the name given to tho whiter and more delicate varieties of

asbestos, which possess a satin-like lustre, in consequence of the greater separation of

the fibres of which they are composed. A variety of amianthus (the amianthoide of

Haiiy) is found at Gisans, in Franco, tho fibres of which aro in some degree elastic.

The word amianthus (from afilavros, undefiled) is expressive of the easy manner by
which, when soiled, it may bo cleansed and restored to its original purity, by being

heated to redness in a fire. See Asbestos.

AMIDE. This term and amidogen are applied to a class of substances which

contain ammonia deprived of an atom of hydrogen.

AMIDXITE. A name given to the soluble portion of starch.

AIMtlDOir. The name for starch on tho Continent.

AMIIVES. Chemical substances resembling Amides, but containing basic radicals.

See Watts's ' Dictionary of Chemistry.'

AIMCMOiriA. 'SW.at.wt.ll. {Ammoniaque, "Fv. ;
AmmoniaJc, Ger.) The name

given by Bergman in 1782 to the gas prepared by treating sal-ammoniac with lime or

a caustic alkali. It was first isolated by Dr. Black in 1756, and distinguished by

him from its carbonate, with which it had been previously confounded. The aqueous

solution had been long known, and is mentioned by Eaymond Lully in tho thirteenth

century. Ammonia being a product of the putrefactive decay, as well as of the

destructive distillation of organic substances containing nitrogen, is widely diffiised

in nature, but, from the very circumstances of its formation, it is rarely, if ever,

evolved in a free or uncombined state. It exists in the atmosphere, though the relative

quantity is small
;
according to Liebig, if all the ammonia were collected at the level

of the sea and had a density corresponding to the atmospheric pressure there, it would

form a stratum less than a quarter of an inch in depth ;
yet he believes that the

nitrogen of plants is derived entirely from this source. The opinions of chemists

are, however, divided upon this point
;
Liebig's view is supported by Boussingault

and opposed by Mulder and Ville. Tho ammonia present in the air is carried down

by rain, sometimes partly in the form of nitrite or nitrate ; the maximum amount

of combined nitrogen found in numerous analyses by Lawes, and Gilbert, and Way,

being 0-032 part in 100,000 parts of rain-water. Eecent experiments by Dr. R.

An<^us Smith have shown that tho proportion of ready-formed ammonia vanes with

the'^locaUty ; thus, at Valentia, on the west coast of Ireland, it was as low as 0-018,

whilst from the burning of coals and other causes, and the diminished area of ab-

sorbent soil and vegetation, it rises in large towns, London giving 0-345 and Glasgow

even 0-910 in 100,000. In addition there are certain nitrogenous bodies^ capable ot

vieldine ammonia, designated by Dr. Smith ' albumenoid ammonia, since it is formed

when theso bodies are treated with the same chemical reagents which evolve ammoma

^""TumSTs found in many mineral and brine springs, some kinds of rock salt, in

der^well-water, river-, and sea-water. In volcanic districts its salte are at times

eZloT in such quantity as to form an article of commerce. The eruption of

vTsuvius in 1794 produced so much sal-ammoniac that the peasants collected it by

hunSweights ; in an eruption of Hecla in 1845 a similar phenomenon was observed;

also at Sit iB Bometimel found in sufficient abundance to
X^/ArtKcS^^^^

Dr Daubeny is of opinion that the volcanic ammoma is produced by tho action ot

wLr upon nitrides (perhaps the nitrides of siUcon), similar in Vrovevt.es U>

To nitrides of titanium and boron, which have been recondy more carefully ox-

rmined by M? St. Claire DeviUe. The suffioni of Tuscany y^<^l^.

^^^^^^^^^ ^ffl
and several different salts, sulphate of ammoma as

'^^Jf^P^^^^^^^y-Hoitin an
cultivable soils, especially those of ferruginous or ^'^e^"^.^"^^ ^^^"^^^^^^
appreciable quantity of ammonia, and a considerable evolution of its salts has boon

observed recently on meadow-land being overflowed by a stream of lava. Tho
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1. f^„-^A n. BiiWimatQ arlsinff from the combustion of coal

chloride has also ^^^en found as a subhma^^^

strata. Salts of ammonia ^^^^
^?JP^^^°^\\^; it forms the chief constituent of

S^:SroTth1 iTwenTstat ^/iaT^Vds : hence the large quantity of

:not.vith and exported E^OP;-
^^^^^^^^^ nitrate of soda.

generated as in the P^^'^fi'^^t^^f ^^^ttmS ^''^^^

Ld possibly in this process in sufiacient<iiiant ty to .

when electric sparks are passed through a mixture of nitrogen and oxygen

^.Jhr™ce ofXdr^ and aqueous vapour, nitrate of ammonia is generated.

If wLrSris bei^r^ssolved in sulphm-ic acid, nitric acid be added, much am-
If, while zinc 18 Demf,

hydrogen and binoxide of nitrogen be passed

Tefsp utTatiS^^^^^^^ produced, the hydrogen converting

?he oSgefof the bikoxide into water, when the nitrogen, at the moment of its

KWiHnn combines with the hydrogen to form ammoma. „ , .

^
^has evefren^^^^^ carry out this last method on a manufacturing

'ir;ssrs. Crane and JuUien. in their patent of January 18, 1848, desciube a method

of maSctoing ammonia in the state of carbonate, hydrocyanate, or free ammoma

bvmSing Sy?f the oxygen compounds of nitrogen, together with any compound

ShS carbon!^? any mixtxire of hydrogen with a compound of carbon or

even free hydrogen, through a tube or pipe containing any catah/hc or contact sub-

Tnce as follows :-Oxides of nitrogen (such, for instance, as the gases liberated m
the manufacture of oxalic acid), however procured, are to be mixed m such pro-

portionS any compound of carbon and hydrogen, or such mixture of hydrogen

and carbonic oide or acid as results from the contact of the vapour of water with

ignited carbonaceous matters, and the hydrogen compound or mxture containing

hvdrogen may be in slight excess, so as to ensure the conversion of the whole ot the

nitrogen contained in the oxide so employed into either ammoma or hydrocyanic

acid, which may be known by the absence of the characteristic red fumes on allo^ng

some of the gaseous matter to come in contact with atmospheric air. The catalytic

substance wMch Messrs. Crane and JulUen prefer is platinum^ which may be m the

state of sponge, or it maybe asbestos coated with platinum. This catalytic substance

is to be placed in a tube, and heated to about 600° F., so as to increase the tempera-

ture of the product, and at the same time prevent the deposition of carbonate ot

ammonia, which passes onwards into a vessel of the description well known and

employed for the purpose of condensing carbonate of ammonia. The condenser for

this purpose must be furnished with a safety pipe, to allow of the escape of uncon-

densed matter, and made to dip into a solution of any substance capable of conabimng

with hydrocyanic acid or ammonia where they would be condensed. A solution ot

salt of iron is preferable for this purpose.!
^ r

Cliemical Characters.—T\iq gaseous ammonia liberated from its salts by lime (in a

manner to be afterwards described) is a colourless gas of a peculiar pungent odour.

It is composed, by weight, of 1 atom of nitrogen and 3 of hydrogen ;
or. by volume,

of 2 measures of nitrogen and 6 of hydrogen, condensed to four
;
and may be

resolved into these constituent gases by passing over spongy platinum heated

to redness or by a current of electric sparks. By a pressure of 6-5 atmospheres at

50° F . it Is condensed into a colourless liquid. It is combustible, but less so than

hydrogen on account of the incombustible nitrogen which it contains ;
but its inflam-

mability may bo readily seen by passing it into an argand gas flame reduced to a

minimum.
Ammonia is very soluble in water, water at 32° E. absorbing no less than 1,149

times its volume of this gas. and at 68° 681-8 times its volume ; and the solution has

a loss density and a lower boiling point than pure water. The following Table

of the density of solutions of ammonia in water, of dilforont strengths, is by Dr.

Ure;—
* Pharm. Journ. xiii. 114.
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Ammonia
iu 100 Water In 100

Spcclflo Gravity Ammonia
Water In 100

Bpeciflc Gravity

26-500 73-500 0-9000 13-250 86-750 0-9455
25-175 74-825 0-9046 11-925 88-076 0-9510
23-850 76-150 0-9090 10-600 19-400 0-9564
22-525 77-475 0-9133 9-275 90-725 0-9614
21-200 78-800 0-9177 7-960 92-050 0-9662

19-875 80-125 0-9227 6-625 93-378 0-9716

18-550 81-450 0-9275 5-300 94-700 0-9768

17-225 82-775 0-9320 3-975 90 025 0-9828

15-900 84-100 0-9363 2-650 97-350 0-9887

14-575 85-425 0-9410 1-325 98-675 0-9945

1

Upon this variation in density of solutions of ammonia in proportion to their

strength, Mr. J. J. Griffin has constructed a useful instrument called an Ammonia-meter.

It is founded upon the following facts :—That mixtures of liquid ammonia -with water

possess a specific gravity which is the mean of the specific gravities of their com-

ponents ; that in all solutions of ammonia, a quantity of anhydrous ammonia, weigh-

ing 212i grains, which he calls a test-atom, displaces 300 grains of water, and reduces

the specific gravity of the solution to the extent of -00125 ; and, finally, that the

strongest solution of ammonia which it is possible to prepare at the temperature of

62° P. contains in an imperial gallon of solution 100 test-atoms of ammonia.

We extract the following paragraph from Mr. Griffin's paper in the Transactions

of the Chemical Society, explanatory of the accompanying Table :

—

' The first column shows the specific gravity of the solutions ; the second column the

weight of an imperial gallon in pounds and ounces ; the third column the per-centage

of ammonia by weight ; the fourth column the degree of the solution, as indicated by

the instrument, corresponding with the number of test-atoms of ammonia present in a

gallon of the liquor ; the fifth column shows the number of grains of ammonia con-

tained in a gallon ; and the sixth column the atomic volume of the solution, or that

measure of it which contains one test-atom of ammonia. For instance, one gallon of

liquid ammonia, specific gravity 880, weighs 8 lbs. or 128 oz. avoirdupois ; its per-

centage of ammonia, by weight, is 33-117 ; it contains 96 test-atoms of ammonia in one

gallon, and 20400-0 grains of ammonia in one gallon ;
and, lastly, 104'16 septems

containing one test-atom of ammonia. Although no hydrometer, however accurately

constructed, is at all equal to the Centigrade mode of chemical testing, yet the Ammo-
nia-meter, and the Table accompanying it, will be found very useful to the manu-

facturer, enabling him not only to determine the actual strength of any given liquor,

but the precise amount of dilution necessary to convert it into a liquor of any other

desired strength, whilst the direct quotation of the number of grains of real ammonia

contained in a gallon of solution of any specific gravity will enable him to judge at a

glance of the motfBy-value of any given sample of ammonia.'

Table of Liquid Ammmia (Griffin).

One Test-Atom of Anhydrous Ammonia=NH' weighs 212'5 grains.

Specific Gravity of Water= 1-00000. One Gallon of Water weighs 10 lbs., and con-

tains 10,000 Septems. Temperature 62° F.

Specific Gravity
oE the Liquid"
Ammonia

•87500

-87625

•87750

•87875
•88000

•88125
•88250

•88375

•88500

•88625

•88760

Weight of an
Imperial Gallon in

Avoirdupois lbs.

and ozs.

lbs.

8

8

8

8

8

8

8

8

8

8

8

ozs.

12-0

12-2

12-4

12-6

12-8
13-0

13-2

13-4

13-6

13-8
14-0

Per-centage of
Ammonia by

Weight

34-694
34-298

33-903

33-509

33-117

32-725

32-335

31-946

31-658

31-172

30-785

Test-atoms
of Am-
monia in

one Gallon

100

99

98

97
96

95
94
93
92
91

90

Grains of

Ammonia in one
GaUon

21250-9

21037-5
20825-0

20612-5

20400-0

20187-5

19975-0

19762-5
19650-0

19337-6

19126-0

Septems
containing one
Test-atom of

Ammonia

100-00
101-01
102-04
103-09
104- 16

105-26
106-38
107-53
108-70
109-89

lll-U
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Table of Liquid Ammonia (continuod).

141

ISpeciQc Gravity

i
of tbe Liquid
Ammonia

88875
89000
89125
'89250

•89375

•89500

•89625

•89750

•89875

•90000

•90125

•90250

•90375

•90500

•90ff25

•90750

•90875

•91000

•91125

•91250

•91375

•91500

•91625

•91750

•91875

•92000

•92125

•92250

•92375

•92500

92625
•92750

•92875

•93000

•93125

•93250

•93375

•93500

•93625

•93750

•93875

•94000

•94125

•94250

•94375

•94500

•94625

•94750

•94875

•95000

•95125

•96250

•94375

•95500

•95625

•95750

•95875

'96000

'96125

Weight of an j pgr-centage of
Imperial GolloQ in _A.mmonia by
Avoirdupois lbs. Weight

and ozs. '

Test-atoms,
of Am- Ammonia in one

°'°S'''„''^ Gallon
one Gallon

lbs.

8

8

8

8

8

8

8

8

8

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

ozs.

14-2

14-4

14-6

14-8

15-0

15-2

15-4

15-6

15-8

0-0

0-2

0-4

0-6

0-8
1-0

1-2

1'4

1-6

1- 8
2-0

2-2

2-4

2-6

2-8
3-0

3-2

3-4

3-6

3-8
4-0

4-2

4-4

4-6

4-8
6-0

5-2
5-4

5-6

5-8
6'0

6-2
6-4

6-6

6-8
7-0
7-2

7-4

7-6

7-8
8-0

8^2

8-4

8-6

8-8

9-0

9-2

9-4

9-6

8'8

30-400

30-016

29-633

29-252

28-871

28-492

28-113

27-736

27-359
26-984

26-610

26-237

26-865
25-493
26-123
24-754

24-386

24-019

23-653

23-288

22-924

22-561

22-198

21-837

21-477

21-118

20-760

20-403

20-046

19-691

19-337

18-983

18-631

18-280

17-929

17-579

17-231

16-883

16-536

16-190

15-846

15-502
16-168
14-816

14-475

14-135

13-795

13-456

13-119

12-782
12-446

12-111

11-777
11-444

11-111

10-780

10-4490

10-1190

9-7901

89

88

87
86

86
84

83

82
81

80

79
78

77
76

75

74
73

72
71

70
69
68
67

66

65
64
63

62

61

60

69

58

67
66

65
54
63

62
51

60

49

48

47
46
45
44
43
42
41

40
39

38

37
36

35

34
33

32

31

18912-5

18700-0

18487-5

18275-0
18062-5

17850-0

17637-5
17426-0

17212-5
17000-0

16787-5
16576-0
16362-5

16160-0

16937-5

16726-0

15612-5

15300-0

15087-6

14876-0
14662-5

14460-0

14237-5
14026-0

13812-5

13600-0

13387-5

13175-0

12962-5

12760-0

12637-5

12325-0

12112-5

11900-0

11687-5

11475-0

11262-5

11050-0

10837-5
10625-0

10412-5

10200-0

9987-5

9775-0
9562-5

9350-0

9137-5
8926-0

8712-5
8500-0

8287-5

8075-0

7862-5

7650-0

7437-5

7225-0

7012-5

6800-0

6587-6

Septems
containing one
Test-atom of
Ammonia

112-36
113-64
114-94
116-28
117-65
119-05
120-48
121-95
123-46

125-00
126-68
128-21

129-87
131-68

133-33

136-13

136-98

138-99

140-85

142-86

144-93

147-06

149-25

151-51

153-85

156-25

158-73

161-29

163-93

166-67

169-49

172-41

176-44

178-57
181-82

186-18

188-68

192-31

196-08

200-00

204-08

208-33

212-77

217-39

222-22

227-27

232-66

238-09

243-90

250-00

266-41

263-16

270-27

277-78

286-71

294-12

303-03

312-50

322-58
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Table of Liquid Ammonia (continiiod).

Spociflc Gravity
of the Liquid

Weight of an
Imperial Gallon in

Avoirdupois lbs.

and 0Z8.

Pcr-contago of
Ammonia by

Weight

Test-atoms

monia in

one Gallon

Groins of

Ammonia in one
Gallon

Septcma
containing one
Test-atom of
Ammonia

lbs. 0Z8.

•96250 9 10-0 9'4620 30 6376-0 833-33
•96375 9 10-2 9-1347 29 6162-6 344-83
•96500 9 10-4 8-8083 28 5960-0 357-14
•96625 9 10-6 8-4827 27 6737-5 370-37

•96750 9 10-8 8-1580 26 6525-0 384-62

•96875 9 11-0 7-8341 25 6312-5 400-00

•97000 9 11-2 7-5111 24 5100-0 416-67

•97125 9 11-4 7-1888
'

23 4887-5 434-78

•97250 9 11-6 6-8674 22 4676-0 484-64

•97375 9 11-8 6-5469 21 4462-5 476-19

•97500 9 120 6-2271 20 4250-0 600-00

•97625 9 12-2 5-9082 19 4037-5 626-32

•97750 9 12-4 5-5901 18 3825-0 556-56

•97875 9 12-6 5-2728 17 3612-5 688-24

•98000 9 12-8 4-9563 16 3400-0 625-00

•98125 9 13-0 4-6406 15 3187-5 666-67

•98250 9 13-2 4-3255 14 2975-0 714-29

•98375 9 13-4 4-0111 13 2762-5 769-23

•98500 9 13-6 3-6983 12 2550-0 833-33

•98625 9 13-8 3-3858 11 2337-5 909-09

•98750 9 14-0 3-0741 10 2125-0 1000-00

•98875 9 14-2 2-7632 9 1912-5 1111-10

•99000 9 14-4 2-4531 8 1700-0 1260-00

•99125 9 14-6 2-1438 7 1487-5 1428-60

99250 9 14-8 1-8352 6 1276-0 1666-70

•99375 9 15-0 1-5274 6 1062-5 2000-00
.AA C Art 9 16-2 1 •9904.

JL ^^Udb 4. 850-0 2.500-00

•99625 9 15-4 0-9141 3 637-5 3333-30

•99750 9 15-6 0-6087 2 425-0 5000-00

•99875 9 15-8 0-3040 1 212-5 10000-00

roooo

^

10 lbs. Water 0

Ammoniacal gas combioes directly with liydrated acids, forming a series of salts,

tbe constitution of -which is peculiar, and must bo here briefly discussed, that the

formulfe hereafter employed in describing them may be understood.
_

. , ,

These compounds may be viewed as direct combinations of the ammonia wjth the

hydrated acids ;
thus, the compound with

Hydrochloric acid as the Hydrochlorate (NHS HCl) (NH'. HCl).

Hydrosulphuric acid „ Hydrosulphate (NH', HS) (ZJTH^ H^S).

Sulphuric acid „ Hydrated sulphate (NH' ; HO,SO« 2NK\ H'SO*).

nS acid : Hycbated nitrate (NH' ; HajJO;) (l^H^ H^^^^^

Carbonic acid „ Hydrated carbonate (NH' ;
HO, CO'^. (2WrH», H^O. CO-).

But the close analogy of these compounds, in all their properties, to the corro-

stjondini? salts of potash and soda has led chemists to the assumption of the exist-

ence of a group of elements possessing the characters of a metal, of a basyl or

hypothetical metallic radical, called ammonium (NH*), m these salts; which theory

of their constitution brings out the resemblance to the potash and soda salts more

clearly, thus :

—

And chloride contains

of ammonium . . NH*C1 (WH*C1)

sulphide „ . . NH^S [(NH«), ^S].

sulphate of ammonia NH^O.SO' [(NH^y-'SO*].

nitrate „ . NH^O,NO» (NH'NO')

Chloride contains

of potassium . KCl. (XCl)

sulphide „ . KS. (K^S)

sulphate of potassa KO,SO' (X'SC)
nitrate „ . KO, NO^ (KNO»)
carbonate „ . KO, c6^ (K'CO') carbonate „ . NH'0,CO= [(IfH^^CO'].

Although it may be objected to this view that the metal ammonium is not known,

yet a curious metallic compound of this metal with mercury has boon obtained
j
and.
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, . .
-i- ^on^a n,>r.npqm'v that thomotal should beisolated, for tlie exist-

:ri\l»oSwScSrS^*fassumed ^ »ga.ic cho»isUy*clha«

of it haTe beea produced, which are soM ''^"•f,"'"™ '.-^^^ alkaline. In fact,

characters of potash solution, be.ng as t'T^J'^^^^'-'-^^Z,^. It is capabk
anunonia is in reality but tho tjpe of ajast mJnber ot oompou r

of haTing its hvtogon leflaced by Betels
^^^^^^ 3^01^ &dless numbei of

r 0^ rhyCurisria°'i»~^^ —^»

:SSol-f:=t^^^^
sulphate, by a metallic oxide, e.g. lime.

NH^Cl + CaO,HO = CaCl + NH' + 2H0.

2(NH^C1) + CaK'O^ = CaCl' + + 2H^O.

On the small scale in the laboratory the powdered ammoniacal salt is mixed with

slaSd uL^n a Cence flask or a Lall iron retort, and gently heated
;
the am-

SScalTas beine dried by passing it through a bottle containing lime. Chloride of

SrmStTL emp4'dinth'e desiccation of ammon^ SS^Smm"
absorbed by this salt, producing a curious compound, the chloride of cahammo

"riias been proposed by Knab to make use of the property of chloride of calcium

to absorb ™ria and Jtc it up again when heated, for the pxirpose of storing and

tonsportinn Solution of ammonia of the usual commercial strength, specific

P^^oS! conteL only 33-12 per cent., whilst the chloride of calcium compound

"£^s'uramm^iSa'must be collected over mercury, on account of its solubility

'"^TSroperation is carried out on the large scale for the purpose of making the

aqueous solution of ammonia {liciuor ammonia, or saints of hartshorn).

Soltction of Ammonia.

Preparat{on.-ln preparing the aqueous solution, the gas is passed into ^^ater con-

tained in Woolfe's bottles, which on the smaU scale are of glass, whilst on the large

scale they are made of earthenware.
, -, , i j i ^ a 4c.

A sufficiently capacious still or retort of iron or lead should be employed which is

provided with a moveable neck; and it is desirable to pass the gas through a worm,

to cool it, before it enters the first Woolfe's bottle. Each of the series of AVoolfo s

bottles should be furnished with a safety-funnel in the third neck, to avoid accidents

by absorption. The whole of the condensing arrangements should be kept cool Dy

ice or cold water. ^, . , , i „„
Prcpcrfe.—In the London and in the Edinburgh ' Pharmacopoeia two solutions

of ammonia are directed to be prepared, the stronger having the specific giwnty

0-882, and containing about 32-5 per cent, of ammonia ; the weaker of specific gra^^ty

0'960, containing, therefore, about 10 per cent, of the gas.

Sometimes the commercial solution of ammonia is made by treating impure ammo-

niacal salts with lime, and it then contains empyreumatic oils ;
m fact, the various

volatile products of the distillation of coal which are soluble m or miscible wath

W8-trGr.

Pyrrol may be detected in ammonia by the purple colour which it strikes with an

excess of nitric or sulphuric acid. If the residue of its distillation be mixed with

potash, Picoline is detected by its peculiar odour. Naphthaline is discovered not

only by its odour, but may also be separated by sublimation or heating, after con-

verting the ammonia in the solution into a salt by sulphuric or hydrochloric acid.—

Dr. Maclogan,

We imported into England of sulphate and liquor of ammonia as follows :—

Ammonia, sulphate of . . 1856 . . lbs. 23,904

. . 1855 . . „ 343,609

Ammonia, liquor . . 1855 . . „ 22,400

Since, for the purpose of purification on the largo scale, ammonia is invariably
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conTortx)d into clilorido or siilpliato, tlio dotails of the manufacture of tho ammo-
niacal salts will bo given under those heads. For tho dotormination of ammonia, see

NiTHOGEN.—H. M. W.
AMMOXarZA, CAABOITATXS or, {Hie sesquicarbonate of commerce,

2NIP, 3C0^ 2110 (aNH'-", 3CO-, ZWO), at. wt. 118.] This salt was probably

known to llaymond LuUy and Basil Valentino, as tho chief constituent of putrid

iirino. Tho real distinction between ammonia and its ca,rbonato was pointed out by

Dr. Black.

Carbonate of ammonia is formed during tho putrefaction of animal substances,

and by their destructive distillation. Its presence in rain-water has been before

alluded to. ...
Tho carbonate of ammonia of commerce is obtained by submitting to sublimation

a mixture either of sal-ammoniac or sulphate of ammonia with chalk.

This is generally carried out in cast-iron retorts, similar in size and shape to those

used in the manufacture of coal gas. The retorts are charged through a door at one

end, and at the other they communicate with largo square leaden chambers, supported

by a wooden frame, in which the sublimed salt is condensed. F^/. 38.

38

The product of this first process is impure, t^i^f/,«P««^^1\,<?^^^^ r^.^s
presence of carbonaceous matter, and has to 1^^^?™;^'^^^/^^^^^™^^°?; J^th r
Lried out in iron pots surmounted by moveable leaden caps. These pots are either

ZTL brickwork, aJd heated by the flue of the retort furnace, or are placed xn a water^

bath, as shown in fig. 39. In fact, a temperature not exceeding 150 T. as found

sufficient.
89
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He also proposes to F«P- -We^of—

The process does not appear to
^7;"^^ TgX-Mr Hills, in his patent of August

Manufacture of A^nTnomafrom J'^ J^-'n Lra peat. The
nth, 1846, specified the following method

throu-h the bars as

Joat'is place/in an ^-n^f -^^^^^^^^^^ through a

usual, and the ammonia as collected
P^f^'^^"L^gation This plan of obtaining

suitable arrangement of apparatus to
J by Mr. Eees Keece

from P-^ ^P^^^^^^^^^^^^ of the

gSSsiiKmTany. T^e^^^^^^^^^^^^^^ ^XSt^^^lZ^
vontion for causing peat to

X'iw r^roSs fS P^^^^^^^ For this purpose, a blast

inflammable gases and tarry ^^^^''^^^^^^^^^ gases, on their exit from the

furnace mth suitable '^o^'^^^^^^g^ use as Ll orotLw^se ^ and the tarry and
condensing apparatus, may

^'^^^J'^'^*^^ .^"J^'^^x"/^'' ^^^^^ maybe employed to

other products pass into a ^^Jtable rec^^^^^^^^ J ^PJ
obtain paraffine and oils f^^

be made available ^0?^^?}^°^^''™™^ that in his experiments he obtained

peat. Sir Kobert Kane, who
nearly 22|lbs. of sulphate ot ammom

experimental researches on the

was employed by Government
^^^^^^ te oSned s^hate of ammonia at the rate

products obtainable from peat^ tate^

S,trLd Socmen pLnted, in 1846, the obtain-

of 24^1bs. per ton of peat
^^gj?"^^^^^^^ as practised in the carbonisation

S'wrr"?SrtCbeif^^^^^ Bounce o^f ammonia, but whether this

Su^ce !s a prStiSe or'economical one.'in a commercial point of view, is a problem

which has not yet receded sol^^^^^^^^^^
bituminous schist, which,

.h~&Sr^^^^^^^ gives off anain—
^^^^^

be employed in the manufacture of ammomacal salts by any of the usual Pfo^esses.

TheSfning of ammonia from schist forms part of a patent granted to Count do

^7^X^^^lnllfconstit^^^^^ true neutral carbonate of ammonia

S [(S)' CO»], does not appear to exist. The sesquicarbonate of ammonia
u, I ji

„„mr,r,o1finn assiffued to it by Mr.

H01?0^Pk"?O'""^ "cTmpoTnd-of anhydrous carbonic

-i-^^i^SZlS^Xk -ter and ammonia are liberated

duiing the distinction, and hence the anomalous character
«^^.^^-^^Xit^of th^

in operating upon 3 equivalents of the sulpha e or chloride of the 3
^q^^^f

true carbonate of ammonia (NH^ 0, CO'^) which maybe «"PP°f,«^/° ^^^^^^
two are decomposed, one losing an equivalent of a™a, the other an eq^^^^^^ ot

water ; of course, the ammonia thus liberated, amounting to 14 parts each 100 ol

carbonate of ammonia obtained, is not lost ; it is passed into water to be saturated

with acid, and thus again converted into sulphate or chloride.

Proper i...-Sesquicarbonate of ammonia (as it is ^f^^o^^y ^i^^?^;^\fthic^
in commerce in the form of fibrous white translucent <^5^es about two inche^^ thick^

men exposed to the air the constituents of the less stable compound NH, 00 are

volatilised, and a white opaque mass of the true bicarbonate reniains. H^^^^^^^ the

odour of ammonia always emitted by the '^o™"'^\'^^b°°„t
"b.^^^^^^

also shown that by treatment with a smal quantity of water, ^^^^ ^JP^^te ^^^^^
leaving the bicarbonate. It is soluble in foiTr times its weight of cold water, but

't^A'^S-^^^^^^ - sometimes contaminated with empyxeumatic

oil, wS is recognised by its yielding a brownish coloured solution on treatment

""it may contain sulphate and chloride of ammonium. Tor the recognition of the

presence of those acids, see StJLPHURic and Hydrochloeic acids.
_

Sulphide and hyposulphite of ammonia are sometimes present, and likewise lead,

from the chambers into which the salt has been sublimed.

Vol. I. L
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Other Carhonatea o/^?»?)w«»rt.—Bosidos tlio neutral or monocarljonato of ammonia

boforo alluded to, the true bicarbonate NH*0, CO- ; 110, CO^ [(WH^^CO^-
;
H-'CO»]

and the sesquicarbonato of the shops, Rose has doscribed about a dozen other

definite compounds ; but, for their description, we must refer to Watts's 'Dictionary

of Chomistry.'
. -r- > -7

AMIVXON-IA.CVIVI, CUM; Gum-rosin. {Gomme Am'momaque,bv.; Ammomalc,

Ger ) This is the inspissated juice of an umbelliferous pkint (the Dorcvui ammoniacum),

the Bum-bearing horacloum, which gi-ows in Persia, the East Indies, and Africa In

the French colony of Algiers this plant grows naturally, and it appears likely t«

become an object of cultivation. It comes to us cither in small wlutx) tears clustered

together, or in brownish lumps, containing many impurities. It pos^sosses a peculiar

smell, somewhat like that of assafojtida, and a bitterish tasto.^ It is employed in

medidne. Its only use in the arts is for forming a cement to join broken pieces of

china and glass, which may be prepared as follows : ' Take isingkss 1 oi;nce, distiUed

water 6 ounces, boil together down to 3 ounces. and_ add ounce of strong spint of

wine ;-boil this mixture for a minute or two; Btraanit; add while hot; first, half

an ounce of milky emulsion of gum ammoniac, and then 6 drachms of an alcoholic

solution of resin mastic.
. , _l • i

liaMONIA, WITaATB OT.—This salt is not made on an extensive scale

;

but as it has a certain consumption for making the protoxide of nitrogen (laughing

gas) now largely used by dentists as an anesthetic, a few remarks respecting it may

"It'^roUalKytmating solution of ammonia, or the carbonate -th nitric acid,

and then evaporating the solution till crystalHsation takes place. It ought to be per-

fectlv free from chloride of ammonium.
, . . , „;f..f«

This salt crystallises in six-sided prisms, being isomorphous with nitrate of

^IStmposition is NffO, NO^ [(»rK^)WOM It i« if ttppHed
presence of an equivalent of water, in addition to and NO If heat be appiiea,

the salt is entirely decomposed into protoxide of nita^ogen and water
,
thus-

NH«0, NO' = 2N0 + 4H0.

(WH«)I9'OS ^ jf^ + 2K^0.

Efisides its use in the laboratory for making protoxide of nitrogen, it is a con-

Bti?ue?oftigorific^^tures, on account of the cold which it produces on dissolving

Lastly it is very convenient for promoting the deflagi-ation of organic bodies, both

evaporating the solution till the salt
^^iff}^]^^^^;^^^:^^^^ Hq^^or. the crude ammo-

Frequently, instead of adding tiie acid to ^^^/^^"T^^^^^W the evolved am-
niacal liquor is distilled in a boiler, either f^^^^^^^^^X^ or in a series of

monia is passed into the ,«.^lP^,?^;f .^'^^^^^^^^^ with advantage, as

Wnnlfn'q bottles ; or a modification ot Ooliey s &uu majr u

in the case of the saturation of hydrochloric acid ™?^^^; -
liquor is effected

If Coffey's still be employed, a
^^"^f^^^^^^'^^^l^^ generally in iron

during the'process offturation which i^^^^^^^^^^ ^^^^
pans ; but great care has to be^^^^^^^ not t c^-y^tlie p

^^^^^^^^ ^^^^ ^^^^^^^

sufficientiy for all commercial Purposes.
^^ch the sulphate affords

It is on account of the greater facility of P^^'lf^"",J?'" ^r is often produced

by crystallisation than the chloride o^
f'""^^T'^ff1,'?^^^^^^^^^ theVmfied

as a preliminary stage in the "^^^^^f'^'^t"^" ° '^^^

sulphate being then converted if« sal-ammon ac
1.^^^ ^

The acid mother-liquor left in
^^\'^^^''''yf^^^^

together with some additional acid ^vith a ^^sMU'^^^'g
.

^iio production of

Preparaiio7i. Modifications in details and patmt».-bmcQ it i
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• n.„f fVin mnrl^fipation of Coffev's Btill, callod tho ammonia

^l^^^^^i:^^^ SyTo^dfr^^^^^^^^^^ a detailed account of its

=g ^oSTan inchSK^^^^ siSface to near the bottom of a cup or

ST^servoir fixed to the upper surface of the diaphragms next underneath This

p^e is svEntlTlaxge to transmit freely downwards the whole of the liquid which

S-s fordiTlation It the upper part of the upright vessel ; and the cup or reservoir

i^tT^hich theX dips forms, when full of liquid, a trap by which the upward

nassa^e of elast??vapoL by the pipe is prevented. The vessel may rest on a close

Krf conSed to^eceive the descending liquid as it leaves tho lowest chamber

and from tWs cistern it may be run off, by a valve or cock whenever expedient. The

Strn Ss absence the lowest chamber, contains the orifice of a pipe which

u^ies ^he steam for working the apparatus. The exact number
f ^^^^J^^

wMch the upright vessel is divided is not of essential importance ;
but the quantity

of Uqmd and the sui-face of each diaphragm being given, the distiHation, within certain

Umits, will be more complete the greater the number of chambers used m the pro-

cess The liquid undergoing distillation in this apparatus necessarily covers the

upp^r surface of each diaphragm to the depth of about an inch, being prevented from

nassine downward through the small perforations by the upward pressure of the

rising steam and other elastic vapours; and, on the other hand, the steam being

prevented, by the traps, from passing upwards by the pipes, is forced to ascend by

the perforations in the diaphragms ; so that the liquid lying on them becomes heated,

and in consequence gives off its volatile matters. When the ammoniacal liquid ac

cumulates on one of the diapliragms to the depth of an inch, it flows over one of the

short pipes into the trap below, and overflows into the next diaphragm, and so on.

'

See Distillation.
. . -..i. ^i. r • i,- i.

The management of tiie apparatus vanes in some measure with the lorm in which

it is desirable to obtain the ammonia. When the ammonia is required to leave the

upper chamber in the form of gas, either pure or impure, it is necess^ary that the

s^am which ascends and the current of ammoniacal liquid which descends,^ should be

in such relative proportions that the latter remains at or near the atmospheric tempera-

ture during its passage through some of the upper chambers, becoming progressively

hotter as it descends, until it reaches the boiling temperature ; in which state it

passes through the lower chambers, either to make its escape, or to_ enter a cistern

provided to receive it, and in which it may for some time be maintained at a boiling

heat. On the contrary, if tho ammonia, either pure or impure, be required to leave

'tiio upper chamber in combination with the vapour of water, the supply of steam

entering below must bear such proportion to that of the ammoniacal liquid supplied

above, that the latter may be at a boiling temperature in the upper part of tho

apparatus.'

The use of this apparatus was patented in tho name of Mr. W. i\ JNewton,

Nov. 9, 1841.
. ....

Mr. Hills' process, patented Oct. 19, 1848, for concentrating ammoniacal solutions

by causing them to descend through a tower of coke through which steam is ascend-

ing, is, in fact, nothing more than a rough mode of carrying out the same principle,

which is more effectually and elegantly performed by tho modification of Coffey's still

above described. The concentrated ammonia liquor is then treated with acid and

evaporated in the usual way.

Mr. Wilson patented, Dec. 7, 1850, another method of saturating the ammonia

with the acid by passing tlie crude ammonia vapour, obtained by heating the ammo-

niacal liquor of the gas-works, in at tho bottom of a high tower filled with coke,

whilst tho sulphuric acid descends in a continuous current from the top ; in this

manner the acid and ammonia are exposed to each other over a greatly extended

surface.

Dr. Eichardson (patent, Jan. 26, 1850) mixes the crude _ ammonia liquors with

sulphate of magnesia, then evaporates the solution, and submits the double sulphate

' rharm. Joumnl, xlii. C4,

1-2
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of magnesia and ammonia, which separates, to sublimation ; but it would not appear

that any groat advantage is derived from proceeding in this way, either pecuniary or

otherwise.

Mr. Laming passes sulphurous acid through the gas liquor, and finally oxidises

the sulphite thus obtained to the state of sulphate, by exposure to the air. (Patent.

Aug. 12, 1852.)

Michiel's mode of obtaining sulphate of ammonia, patented April 30, 1850, is as

follows :—The ammoniacal liquors of the gas-works are combined with sulphate and

oxide of lead, which is obtained and prepared in the following way :—Sulphuret of

lead in its natural state is taken and reduced to small fragments by any convenient

crushing apparatus. It is then submitted to a roasting.process, in a suitably arranged

revorberatory furnace of the following construction :—The furnace is formed of two

shelves, or rather the bottom of the furnace, and one shelf, and there is a communica-

tion from the lower to the upper. The galena or sulphuret of lead, previously

ground, is then spread over the surface of the upper shelf, to a thickness of about

2 or 21 inches, and there it is submitted to the heat of the furnace. It remains thus

for about two hours, at which time it is drawn ofiF the upper shelf, and spread over the

lower shelf or bottom of the furnace, where it is exposed to a greater heat for a

certain time, during which it is well stirred, for the purpose of exposing all the parts

equally to the action of the heat, and at the same time the fusion of any portion of it

is prevented. By this process the sulphuret of lead becomes converted partly into

sulphate and partly into oxide of lead. This product of sulphate and oxide of lead

is to be crushed by any ordinary means, and reduced to about the same degree of

fineness as coarse sand. It is now to be combined with the ammoniacal liquors,

when sulphate of ammonia and sulphuret and carbonate of lead will be produced.

The sulphate of ammonia is separated by treatment with water, and the residuary

mixture of sulphide and carbonate of lead is used for the manufacture of lead

^^^opeHi^s.—The sulphate of ammonia obtained by either of the methods above

described is a colourless salt, containing, according to Mitscherlich, one atom of

water of crystallisation. It is isomorphous vnth sulphate of potash.

It deliquesces by exposure to the air; 1 part dissolves in 2 parts of cold water,

and 1 of boiling water. It fuses at 140° C. (284° F.), but at 280° C (536° F.) it is

decomposed, being volatilised in the form of free ammonia, sulphite, water, and

°' Fof5ie other sulphates, the sulphites, and those salts which are but little used in

the arts and manufactures—we refer to Watts's ' Dictionary of Chemistry

Uses—The chief consumption of ammoniacal salts m the arts is in the form ot

sal-ammoniac, the sulphate of ammonia being principally used as a material for the

manufacture of the chloride of ammonium. It may, however,^ be employed directly

in making ammonia-alum, or in the production of free ammoma by treatment with

^'^AiaiaONlUM. (NH*) The radical supposed to exist in the various salts of am-

monir Thus NH^O [(NH^)=0] is the oxide, NH^Cl the chloride, of ammomum.

AZonium constitutes one of the best established chemical types. See Foemul*.

^ AMMOKTIVM, CHIORIM OT. Commonly called Sai.-Ammoniac. (Sal am-

mmdac^v SalmiaJc, Ger.) The early history of this salt is involved m much

uncerta'intv
'

It^would appear that the sal ammoniacus (&As w«mKrf.) of the anciente

men ammoniacal gas is brought into contact with dry chlorine, a violent r^ac^^^^

ensues, attended by the evolution
f

^eat and ev^n light^^ T^^

with the hydrogen to produce hydrochloric acid,

^ J^jJ^^^
^ ' ^berated. The

the ammonia, forming chloride of ammonium the n teoge^^

same reaction takes place on passing chlorine gas into the saturatea aquto

of CMoride of Ammonium fro,n
^-f^.fZ^ilrl^S^^^^

doubtodiy was tlio groat scat of tlio manufacture of tins salt from tlie Doginmng
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t,e thirteenth to the ^niddle of the
^^jf^l^^^^y^ ltl\^o^^^^-'''^

ZvUts we supplied-the follo^ng as Foce^s by w
^^.^^

The original source ^as the urine and ^^"^
"J^^Y^ scarce in that country,

tering them upon the ^aUs, and 1;^™^' of ammonium.

A fire of this material evolves a thick smoke, cnargou

part of ^hich is
,^^.'^3']^^^^^^^^^^ the Delta, peasants are seen driving asses

jCTf/ofM ... are

.S-j^\S^^sSdSir^
inches beiDg left vacant, near their mouths. ™lf1 tenace flue. Heat is gradu-

fomed iu the ridge of a oug vau^t
f^^'S'^''Sl''^lZSiTi^°«<>^<>^ till tk" Slohos

allyappUodbyafiie ofdry«.m^s to^^^
^ ^nporaturo

become obscurelj led. As the cWonde « ^ ts condensed into a
much beW ignition, it "ses out of *» f '°Jff""^

™°
fietable portion, how-

cake upon •^'i^-'S^* »5 tth^? ;Luo'ntnSetet iTSemouthfwhich must

maS Tli?is rese° ved, and, after being bruised, is put in along with the charge of

^^i^aSlraf^ by this process is dull, spongy, and of a ^eg^^^^^^^

but nothing better ms for a long period kno^ m commerce. Fifty years ago, it

fetched 2s 6d. a pound; ^.hereas now, perfectly pure sal-ammoniac may bo had at

"£^fc^?« ?'1;^^m~.>.n Bones and other Animal ilfa«.r.-Various

animal offals develop, during their spontaneous putrefactive fermentation, or the r

decomposition by heat, a large quantity of free or carbonated ammonia among their

volatile products. Upon this principle many sal-ammomac works have been esta-

blished.—Watts's ' Dictionary of Chemistry.'
_ 11 •

,1 -c r,,anr.Ar
The first attempts made in France to obtain sal-ammoniac profitably m this manner

failed A very extensive factory of the kind, which experienced the same fate, was

imder the superintendence of the celebrated Baum^. It was established at Gravelle,

near Charenton, and caused a loss to the shareholders in the speculation of upwards

of 400,000 francs, which result closed the concern in 1787. For 10 years after that

event all the sal-ammoniac consumed in France was imported from foreign countries.

Since then the two works of MM. Payen and Pluvinet were mounted, and seem to

have been tolerably successful. Coal soot was, prior to the introduction of the gas-

works, a good deal used in Great Britain for obtaining sal-ammoniac.

In France, bones and other animal matters are distilled in large iron retorts for the

manufacture of both animal charcoal and sal-ammoniac.

' The annexed numbers show the produce of a French manufactory of ammonia and

its salts, from the distillation of bones and other matters.

' The materials were

—

46,754 tons of bones of various kinds.

30 „ silk waste and old leather.

Ill- sulphuric acid.

80 „ chloride of sodium.

2J „ sulphate of lime.

and the produce was

—

2,400 tons of animal charcoal.

44 „ chloride of ammonium.

100 „ sulphate of soda.

4 „ liquor ammonia,

and 25 ,, sulphate of ammonia. —Muspratt.

These retorts are iron cylinders, two or three feet In diameter and six feet long.

Figs. 40 and 41 show the form of the furnace, and the manner in which the cylinders

are arranged, the first being a longitudinal, the second a transverse section of it. a,

the ashpits under the grates ; b, the fire-places, arched over at top
;

c, the vault or
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bench of firo-lrricks, porforatccl insido vnth eight fluos for distributing tlid flamo
; », a

groat arch, Avith a triple voissoir i), d", d"', under which the retorts are set. The first

arch, D, is perforated with twenty vont-holos, the second with four vent-holes, tlirough

which the flame passes to the third arch, and thence to the common chimney-stalks.

The retorts are shut by the door e' (Jig. 41), luted, and made fast with screw-bolte.

Their other ends e", terminate in tubes,/,/,/, which all enter the main pipe h Iho

condensing pipe proceeds slantingly downwards from the further end of h, and dips

into a large sloping iron cylinder immersed in cold water.

The filters used in the largo sal-ammoniac works m France are represented in Af-

42 The apparatus consists—1, of a wooden chest, a, lined with lead, and which is

turned over at the edges ; a socket of lead, b, soldered into the lowest part of the

Sm JeZes to discharge the liquid; 2, of a wooden crib or grating, formed of

rounTd roT, as shown in the section c, c, and the plan d ; this grating is ^'^PPorted

one inch at least above the bottom, and set truly horizontal, by a senes of wedges

;

Tof an open fab^^ of canvas or strong calico, laid on the grating, and secured oyer

the edees so as to keep it tense. A large wooden reservoir,/, lined with lead, fi^-

nished Sth a cover, is placed under each of the filters ; a pump throws back once or

t^cru^on the ffl^^^^^ has abeady passed through. A common reservoir
^.

bdowS others, maybe made to commu'nicate at pleasure with one of them by means

"'ST^ftiltTfor'evaporating and decomposing are made of lead, about one

roundedS brickwork, and supported at their -^S^%7^^^^\:^'^^^^^^^

maybe emptied at pleasure into lower receivers, called cr^ staUisors, by moans

leaden syphons and long-necked funnels.
, 3 ^ ^^^^

The crystallisers are wooden chests lined w^th lead. Id "
,/ ' i„„s.,ro A

broad, and from G to 8 feet long, and may be inclined to one side at pleasure.
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round cistern receives the drainings of 'the' mother-Tvaters. The pump is made of

lead hardened -with antimony and tin.

The subliming furnace is shown in figs. 43 and 44, by a transverse and longitudinal

section; a is the ashpit ; 6, the grate and fireplace; c, the arch above them. This

arch, dc'stined to protect the bottles from the direct action of tlio fire, is perforated

•with vent-holes, to give a passage to the products of combustion between the sublim-

ing vessels ;
d, cl, are bars of iron, upon which the bottom of the bottles rests

;
e,

stoneware bottles, protected by a coating of loam from the flame.

45 46

A..

Fiff. 45 shows the cast-iron plates, a, b, c, which, placed above the vaults, receive

each two bottles in a double circular opening.

At the extremity of the above furnace, a second one, called the drier, receives

the products of the combustion of the first at a, under horizontal cast-iron plates,

and upon which the bottom of a rather shallow boiler, b, rests. After passing

twice under these plates, round a longitudinal brick partition, b, b', b", the products of

combustion enter the smoke chimney, c. See plan, fig. 46.

The boiler set over this furnace should have no soldered joints. It may be 3^ feet

broad, 9 or 10 feet long, and 1 foot deep. The concrete sal-ammoniac may be

crushed under a pair of edge millstones, when it is to be sold in powder.

Eones, blood, flesh, horns, hoofs, woollen rags, silk, hair, scrapings of hides and
leather, &c., may be distilled for procuring ammonia. When bones are used, the

residuum in the retort is bone-black. The charcoal from the other substances will

serve for the manufacture of Prussian blue. The bones should undergo a degree of

calcination beyond what the ammoniacal process requires, in order to convert them
into the best bone-black ; but the other animal matters should not be calcined up to

that point, otherwise they are of little use in the Prussian blue works. If the bones
be calcined, however, so highly as to become glazed, their decolorising power on
syrups is nearly destroyed. The other substances should not be charred beyond a
red-brown heat.

The condensed vapours from the cylinder-retorts afford a compound liquor holding
carbonate of ammonia in solution, mixed with a large quantity of empyreumatic oil,

which floats at top. Lest incrustations of salt should at any time tend to obstruct the

tubes, a pipe should be inserted within them, and connected with a steam-boiler, so as

to blow steam through them occasionally.

The whole liquors mixed have usually a density of 8° or 9° Baume (r060). The
simplest process for converting their carbonate of ammonia into the chloride of am-
monium is to saturate them with hydrochloric acid, to evaporate the solution in a
leaden boiler till a pellicle appears, to run it off into crystallisers, and to drain the
crystals. Another process is, to decompose the carbonate of ammonia, by passing its

crude liquor through a layer of sulphate of lime, 3 or 4 inches thick, spread upon
the filters, fig. 42. The liquor may be laid on with a pump ; it should never sfcind

higher than 1 or 2 inches above the surface of the bruised gypsum, and it should be
closely covered with boards, to prevent the dissipation of the volatile alkali in the air.

When the liquor has passed through the first filter, it must be pumped up on to the
second ; or the filters being placed in a terrace-form, the liquor from the first may
flow down upon the second, and thus in succession. The last filter should be formed
of nearly fresh gypsum, so as to insure the thorough conversion of the carbonate into
sulphate. The resulting layers of carbonate of lime should be washed with a little
water, to extract the sulphate of ammonia interposed among its particles. The am-
moniacal liquor thus obtained must bo completely saturated, by adding tho requisite
quantity of sulphuric acid ; even a slight excess of acid can do no harm. It is then
to bo evaporated, and tho oil must be skimmed off in tlie course of tho concentration.



152 AMMONIUM, CHLORIDE OF

Whon tlio liquid enlplmto has acquired the density of about I'lGO, eea-salt should be
added, with constant stirring, till the wliolo quantity equivalent to the double decom-
position is introduced into the lead boiler.

The fluid part must now bo drawn off by a syphon into a somewhat deep reservoir,

where the impurities are allowed to subside ; it is then evaporated by boiling till the

sulphate of soda falls down in granular crystals, as the result of the mutual reaction of

the sulphate of ammonia and clilorido of sodium ; while the more soluble chloride

of ammonium remains in the liquor. During this precipitation, the whole must bo

occasionally agitated with wooden paddles ; the precipitate being in the intervals re-

moved to the cooler portion of the pan, in order to be taken out by copper rakes and

shovels, and thrown into draining-hoppers, placed near the edges of the pan. The
drained sulphate of soda must be afterwards washed with cold water, to extract all

the adhering sal-ammoniac.

The liquor thus freed from the greater part of the sulphate, when sufficiently con-

centrated, is to bo drawn off by a lead syphon into the crystallisers, where, at the end

of 20 or 30 hours, it affords an abundant crop of crystals of sal-ammoniac. The

mother-water may tlion be run off, the crystallisers set aslope to drain the salt, and

tlie salt itself must bo washed, first by a weak solution of sal-ammoniac, and lastly

with water. It must be next desiccated, by the apparatus fig. 46, into a perfectly

dry powder, then put into the subliming stoneware balloons, by means of a funnel,

and well rammed down. The mouth of the bottle is to be closed with a plate or in-

verted pot of any kind. The fire must be nicely regulated, so as to effect the subli-

mation of the pure salt from the under part of the bottle, with due regularity, into a

white cake in the upper part. The neck of the bottle should be cleared from time to

time with a long steel skewer, to prevent the risk of choking, and consequent bursting

;

but in spite of every precaution, several of the bottles crack almost in every opera-

tion.— Ure.

The pots are of variable dimensions, but those most frequently employed are about

18 inches in height in the body, and the cups about 10 or 12 inches, with a breadth

of 16 inches at the widest part.

In Scotland a process somewhat similar is pursued, the salt being sublimed in cast-

iron pots lined with fire tiles ; the condensation being effected in globular heads of

green glass, with which each of the iron pots is capped.

Manufacture of Sal-Ammoniacfrom Gas-Liquor.—By far the largest quantity of the

ammoniacal salts now met with in commerce is prepared from 'gas-liquor,' the

quantity of which annually produced in the metropolis alone is quite extraordinary—

one of the London gas-works producing in one year 224,800 gallons of gas-liquor, by

the distillation of 51,100 tons of coal; and the total consumption of coal m London

for gas-making is estimated at about 840,000 tons.

The principle of the conversion of the nitrogen of coal into ammonia by destructive

distillation, as in the manufacture of coal gas, will be found described in connection

with the processes of gas manufacture and the products produced by the destructive

distillation of coal.
, n . • j •

In the purification of the coal gas, the bodies soluble in water are all contained in-

the ' gas-liquor ' (see Coal Gas), together with a certain quantity of tarry matter.

The ammonia is chiefiy present in the form of carbonate, together with certain

quantities of chloride, sulphide, cyanide, and sulphocyanido of ammomum, as well as

the salts of the compound ammonias.
, , , . . , , ^ ^

For the purpose of preparing the chloride, if hydrochloric acid be not too costly,

the liquor is saturated with hydrochloric acid—the solution evaporated to cause the

salt to crystallise, and then, finally, the crude sal-ammoniac is punfied by sublimation.

Before treatment with the acid, the liquor is frequently distilled.
.

This is generaUy effected in a wi-ought-iron boiler, the liquors passing into a modifi-

cation of the Coffey's still, by which the solution of ammonia is obtained freer from

tar and more concentrated. rr f j u„
The Saturation of the Ammoniacal Liquor with the acid is generally effected by

allowing the acid to flow, from a large leaden vessel in which it is hold, into an under-

ground tank (fig. 47) containing the liquor, which is furnished with an exit tube,

passing into achimney, to carr; off the sulphuretted hydrogen and other offensive

gases which are disengaged. -j rft„,i ;„ „„ffn
Or, in other works, the gas-Hquor is put into large tuns, and the acid lifted in gutta-

percha carboys by cranes, thrown into the liquor and stii-red with it by means ot an

agitator ; the offensive gases being in this case made to traverse the fire of the stoam-

^"fomctimcs the vapours produced in the distillation of the crude gas-liquor are

passed in at the lower extremity of a column filled Mnth coke, down which the acid

trickles.
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The Evaporation of the crude Saline Solution is genorally performed in square or

rcctonguKt-iron vats, capable of holding from 800 to 1.600 gallons. They are

encased in brickwork, the heat being applied by a fire, the flue of which takes a

sinuous course beneath the lining of brickwork on which the pan rests, as shown in

Jig. 48. • . i. J L
When the liquor is evaporated to a specific gravity of 1'25, it is transferred to the

crystallising pans ; but during the process of concentration a considerable quantity of

&
48

tiir separates on the surface, whicli must be removed, from time to time, by skimming,
since it seriously impedes evaporation.

The crystallisation, which takes place 0T\ cooling, is performed in circular tiibs,

from 7 to 8 feet wide, and 2 to 3 deep, which arc generally embedded entirely ot

partially in the ground. To prevent the formation oflarge crystals, which would bs
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iDConvGiuoufc in tho eubsoquont process of stiblimation, fhe liquor is agitaLcd from time
to timo. liio criulo iniisa obtainod, which is contaminatod with tarry matter, froo
acKl, and water, IS noxt driod, by gontly lioating it on a cast-iron plato under a dome,
ilio groyisJi-whito mass remaining is now ready to bo transferred to tlio sublimers.
Iho mothoa of sublimation generally adopted in this country consists in beating

down into tho metal pots, shown in fiff. 49, tho charge of dry coarsely crystallised sal-

ammoniac. These pots are heated from below and by flues round the sides. The
body of the subliming vessel is of cast-iron, and the lid usually of lead, or, less fre-

quently, iron. There is a small hole at the top, to permit the escape of steam,
sometimes loosely closed by a plug of sal-ammoniac, which is removed from time to

time to observe the progress of the sublimation
; great attention is requisite in the

management of the heat, for if it be applied too rapidly a large quantity of sai-am-
moniac is carried off with tho steam, or even the whole apparatus may be blown up;
whilst, if the temperature be too low, the cake of sal-ammoniac is apt to be soft and
yellow.

The sublimation is never continued until the whole of the salt has been volatilised,

since the heat required would decompose the carbonaceous impurities, and they, emit-

ting volatile oily hydrocarbons, diminish tho purity of the product. In consequence

of this incomplete sublimation, a conical mass (shown in the fff. 49) is left behind,

called the ' yolk.' After cooling, the dome of the pot is taken off and the attached

cake carefully removed. This cake, which is from 3 to 6 inches thick, is nearly pure,

only requiring a little scraping, wlaere it was in contact with the dome, to fit it for

the market.

Modifications of the Process.—If, as is often the case, sulphuric acid is cheaper or

more accessible than hydrochloric, the gas liquor is neutralised with sulphuric acid,

and then tho sulphate of ammonia thus obtained is sublimed with common salt

(chloride of sodium), and thus converted into sal-ammoniac.

NH^O. SO" + NaCl = NH* 01 + NaO. SO^

(WH')2SO* + ITaCl = 2IirK*Cl + STa'SO^

Mr. CroU has taken out a patent for converting crude ammonia into the clilorlde,

by passing the vapours evolved in tho first distillation through the crude chloride of

manganese, obtained, as a by-product in tho preparation of chlorine, for the manu-

factufe of chloride of lime : crude chloride of iron may be used in the same way.

Mr. Laming patented in July, 1843, the substitution of a solution of chloride of

calcium for treating the crude gas-liquor, instead of the mineral acids. Mr. Hills,

August, 1846, proposed chloride of magnesium for use in the same vraj; and several

other patents have been taken out by both those gentlemen, for the use of various

salts in this way.
Manufacture of Sal-Ammoniac from Guano,—Kt. Young took out a patent, Novem-

ber 11th, 1841, in which ho describes his method of obtaining ammonia and ita salts

from guano. He fills a retort, placed vertically, with a mixture of two parts by weight

of guano, and one part by weight of hydrate of lime. These substances are thoroughly

mixed by giving a reciprocating motion to the agitator placed in the retort; a moderate

degree of boat is then applied, which is gradually increased until tho bottom of the

retort becomes rod-hot. Tho ammoniacal gas thus given off is absorbed by water in

a condenser, wliilst other gases, which are given off at the same time, being insoluble

in water, pass off. Solutions of carbonate, bicarbonate, or sesquicarbonato of ammonia

are produced, by filling tho condenser with a solution of ammonia, and passing car-
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t .^,vi throiifrh it A solution of chloride of ammonium or sulphate of ammonia

l°obtXocl ^Sn^ho cond^ .vith diluted hydrochloric or sulphuric acid, and

Ti^issinc the ammonia through it as it issues from the retort

^
S; wSton Turner obtained a patent, March 11th, 1844, /or obtaining salts of am-

monia from guano. The foUomng is his method of obtaining chloride of ammonium

rconiuSn^th cyanogen compounds :-The guano is subjected to destructive

SstTlktion in close vessels? at a low red heat dui-ing the greater part of the opera-

tion but Jws temperature is increased towards the end. The products of distillation

are collected in a series of Woolfe's bottles, by means of which the gases evolved

rring the operation may be made to pass two or three times through water, before

eWncr into the air. These products consist of carbonate of ammonia, hydrocyanic

ac d and carburetted hydroge^ the first two of which ax-e rapidly absorbed by the

Sr, with the formation of a strong solution of cyanide of ammonium and carbonate

of ammonia. After the ammoniacal solution has been removed from the Woolfe s

apparatus, a solution of protochloride of iron is added to it, in such quantities as will

vield sufficient iron to convert the latter into Prussian blue, which is formed on the

addition of hydrochloric acid in sufficient quantity to neutralise the free ammoma;

the precipitate thus formed is now allowed to subside, and is carefully separated from

the solution, and by being boiled with a solution of potash or soda, will yield the

alkaline ferrocyanide, which is obtained by crystallising in the usual way. The

solution (after the removal of the precipitate) should be freed from any excess of iron

it may contain, by tlie careful addition of a fresh portion of the ammoniacal liquor, by

which means the oxide of iron will be precipitated, and a neutral solution of ammonia

obtained. When the precipitated oxide and cyanide of iron have subsided, the solu-

tion of chloride of ammonium is drawn off by a syphon, and the sal-ammoniac ob-

tained from it by the usual processes ; the oxide of iron is added to the ammoniacal

solution next operated upon.
• • i.

If sulphate of iron and sulphuric acid are used, sulphate of ammonia is the am-

moniacal salt produced, the chemical changes and operations being similar to the above.

Since the greater part of the nitrogen present in guano exists in the state of ammo-

niacal salts, which are decomposed at a red heat, nearly the whole of the ammonia

which it is capable of yielding is obtained by this method ; still there cannot be a

doubt that the conversion of the urea, uric acid, and other nitrogenised organic bodies

into ammonia, is greatly facilitated by mixing the guano with lime before heating it,

as in Mr. Young's process.

Manufacture of Sal-Ammoniac from Urine—The urea m the urine of man and

other animals is extremely liable to undergo a fermentative decomposition in the

presence of the putrefiable nitrogenous matters always present in this excrement, by

which it is converted into carbonate of ammonia.

By treating stale urine with hydrochloric acid, sal-ammoniac separates on evaporation.

Properties.—Chloride of ammonium (or sal-ammoniac) usually occurs in commerce,

in fibrous masses of the form of large hemispherical cakes, with a round hole in the

centre, having, in fact, the shape of the domes in which it has been sublimed. By
slowly evaporating its aqueous solution, the salt may occasionally be obtained iii

cakes nearly an inch in height ; but it generally forms feathery crystals, which are

composed of rows of minute octahedi-a, attached by their extremities. Its specific

gravity is 1'45, and by heating it sublimes without undergoing fusion. It has a

sharp and acrid taste, and one part dissolves in 272 parts of water at 65° F., or in an

equal weight of water at 212° F.

It is recognised by its being completely volatile on heating, giving a white cm-dy

precipitate of chloride of silver on the addition of nitrate of silver to its aqueous

solution, and by the copious evolution of ammonia on mixing it with lime, as well as

the production of the yellow precipitate of the double chloride of ammonium and
platinum NH^Cl, PtCl- (ZlffK^Cl. PtCl*) on the addition of bichloride of platinum.

Impurities,—In the manufacture of chloride of ammonium, if the purification of

the liquor be not effiscted before crystallising the salt, some traces of protochloride

of iron are generally present, and frequently a considerable proportion. Even when
the salt is sublimed, the chloride of iron is volatilised together with the chloride of

ammonium, and appears to exist in the salt in the form of a double compound
(probably of FoCl, NH''C1, analogous to the compound which chloride of ammo-
mum forms with zinc and tin) ; and this not only in the brown seams of the cako,

but likewise in the colourless portion. This accounts for the observation so often
made in the laboratory, that a solution of sal-ammoniac, which, when recentlv
prepared, was perfectly transparent and colourless, becomes gradually red from tli'o

peroxidation of the iron and its precipitation in the form of scsquioxide.

It is in consequence of the existence of the iron in the st;ite of tiiis double salt, that
Wurtz found that chloride of ammonium containing iron in this form gave no 'indi*
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cations of its presence by the usual reagents until after the addition of nitric acid;
and it is curious that thoro likewise exists a red compound of this class in which tlio

iron exists in the state of porchlorido similarly marked, in fact as NII^Cl, IVCP.
A very simple method of removing tlio iron, suggested by Mr. Brewer, consists in

passing a few bubbles of chlorine gas through the hot concentrated solution of the
salt, by which the protochloride of iron is converted into the perchloride.

2FeCl'' + CI = Fo^CR
2FeCl^ + CI- = Po^Cl".

The free ammonia always present in the solution decomposes this perclilorido with

precipitation of sesquioxido, and formation of an additional quantity of sal-ammoniac.

Fe^CP H- 3NIP0 = Fe«0« + 3NH« CI.

re-ci« + 3(nrK<)^o = Pe« o» + eNH'CI.

The sesquioxido of iron, which is of course present in the form of a brown hydrate,

IS filtered off or separated by docantation, and a perfectly pure solution is obtained.

The only precaution necessary is to avoid passing more chlorine than is requisite

to peroxitliso the iron, since the ammonia salt itself -will be decomposed -with evolution

of nitrogen, and the dangerously explosive body, chloride of nitrogen, may result

from the union of the liberated nitrogen with chlorine.

Uses.—The most important use of sal-ammoniac in the arts is in joining iron and

other metals, in tinning, &c. It is also extensively used in the manufacture of am-

monia-alum, which is now largely employed in the manufactiu-e of mordants instead

of potash-alum. A considerable quantity is also consumed in pharmacy.

Sal-ammoniac is one of those salts which possesses, in a high degree, the property

of producing cold whilst dissolving in water ; it is, therefore, a common constituent

of frigorific mixtures. See Freezing Mixtxjbbs.

AIVIIVXOZa'ITriVI, SUX>PHII>ES or. When sulphuretted hydrogen gas is passed

into a solution of ammonia in excess, it is converted into the double sulphide of

ammonium and hydrogen— or, as it is frequently called, the hydrosulphate of

sulphide of ammonium.—NH*S, HS (NH', HS).

This solution is extensively employed as a re-agent in the chemical laboratory, for

the separation of those metals the sulphides of which are soluble in acids—viz. nickel,

cobalt, manganese, zinc, and iron, which are precipitated by this reagent in alkaline

solutions.
, , . , . • • J 1

By exposure to the air, the hydrosulphuric acid which it contains is decomposed,

the hydrogen being oxidised and converted into water, whilst the liberated sidphur

is dissolved by the sulphide of ammonium, forming the bisulphide, or even higher

This solution of the polysulphide of ammonium is a valuable reagent for dissolving

the sulphides of certain metals, such as tin, antimony, and arsenic, the sulphides of

which play the part of acids and form salts with the sulphide of ammonium.

By this deportment with sulphide of ammonium, these metals are separated, both on

the small scale in the laboratory, and also on the large scale, from the sulphides of

those metals—such as lead, copper, mercury, &c.—the sulphides of which are insoluble

in sulphide of ammonium. ^ i t i i ^- „

The higher sulphides, vie. the tersulphide and the pentasulphide, are bodies

of purely scientific interest. They are obtained by distilling the corresponding sul-

phides of potassium with sal-ammoniac.
^ i

All the sulphides of ammonium are soluble in water without decomposition.

Ammonia combines with all the inorganic and oi^anic acids, but for an account

of these compound bodies we must refer to Watts's ' Dictionary of Chemistry, as they

have but few applications in the arts and manufactures.
^ , ^ e j

AMORPHOUS. (Privative destitute o{; /aop<pi,, shape :
without sJmpe). Said

of mineral and other substances which occm^ in forms not easy to bo defined. This

term may be regarded as the opposite of crystalline. Some elements exist in both

Jhe crystoUine a^nd the amorphous states, as carbon, which is amorphous in charcoal.

^hTSSiSes wtTgL rise to these co.ditions-^evidently depending upon

molecuirforces which havf not yet been defined-present one of the most fertile

sublJ^o "luting ieady-formed in bitter almonds. leaves of the

^
tlie kernels of the plum, cherry, peach, and the leaves and bark ™ ^

J^^^^^^^^^
iR the young sprouts of the P. domcstica. It is also fo^"'^

/"^f /^^^^
BMcies of Sorbus, such as S. aucuparia, S. tormmalis, and others of the same order.

T?pr'pl M^o^S almondsL subjected to strong pressure between hot plates
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of metal This has the effect of removing the bland oil known in commorco as almond-

nil The residue, when powdered, forms almond-meal. To obtain amygdalm from-

the meal, tho latter is extracted with boiling alcohol of 90 or 95 per_ cent. The

tincture is to be passed through a clotb and tho residue pressed, to obtain tho fluid

mechanically adherent to it. The liquids will bo milky, owing to the presence of

some of the oil. On keeping the fluid for a few hours, it may be separated by pouring

off or by means of a funnel, and so obtained clear. The alcohol is now to be removed

bv'distillation, the latter being continued until five-sixths have come oyer. The fluid

in the retort, when cold, is to have the amygdalin precipitated from it by the addition

of half its volume of ether. The crystals aro to be pressed between folds of filtering

paper and recrystallised from concentrated boiling alcohol. As thus prepared, it

forms' pearly scales, very soluble in hot alcohol, but sparingly when cold
;

it is

insoluble in ether, but water dissolves it readily and in large quantity. The crystals

contain six atoms of water of crystallisation. Most persons engaged m chemical

operations have noticed, when using almond-meal for the purpose of luting, that,

before being moistened with water, it has little odour, and what it has is of an oily

kind ; but, after moistening, it soon acquires the powerful and pleasant perfume of

bitter-almond oil. This arises from a singular reaction taking place between the

amygdalin and the vegetable albumen or emulsin. The latter merely acts as a

ferment, and its elements in no way enter into the products formed. The decomposi-

tion, in fact, takes place between one atom of amygdalin and four atoms of water
;

the product being one atom of bitter-almond oil, two atoms of grape-sugar, and one of

prussic acid.
j. t .• •n •

In preparing amygdalin, some chemists add water to the residue of the distillation

of the tincture, and then yeast, in order to remove the sugar present, by fermentation,

previous to precipitating with ether : the process thus becomes much more complex,

because it is necessary to filter the fermented liquid, and concentrate it again by

evaporation, before precipitating the amygdalin.

The proof that the decomposition which is experienced by the bitter-almond
_
cake,

when digested with water, is owing to the presence of the two principles mentioned,

rests upon the following considerations. If the marc, or pressed residue of the bitter

ahnond, be treated with boiling water, the emulsin—or vegetable albiimen—will

become coagulated, and incapable of inducing the decomposition of the amygdalin.

It is only the bitter almond which contains amygdalin ; the sweet variety is, there-

fore, incapable of yielding the essence by fermentation. But sweet almonds resemble

the bitter in containing emulsin ; and it is exceedingly interesting—as illustrating

the truth of the explanation given above—that if a little amygdalin be added to an

emulsion of sweet almonds, the bitter-almond essence is immediately formed. A
temperature of 100° is the most favourable for the digestion.—0. G. W.

AM'Z'IiBXa'E. This hydrocarbon, C" H'" (C^ Hi"), is produced by the dehydra-

tion of amylic alcohol by sulphuric acid ; also by the dry distillation of amyl-sulphate

of calcium. It is a colourless thin liquid, with a faint offensive odour. It has been

tried as a substitute for chloroform without success.

AMVIiVM MAXTBIOCJE:. Mandioca or Cassava starch. See Cassava and

jVIantjioca.

AZa'ACARDXtrnc hut. Dr. Bottyer, in the 'Bayorisches Industrie- und
Geworbo-Blatt,' states that the juice of the Anacardium nut, Anacardium Orien-

tale, contains an oily matter, which, by exposure to tho air, assumes a fine black

colour, which is quite permanent against the influences of acids or alkalies, chlorine or

cyanide of potassium. It is recommended for use as a marking ink ; and if the linen

be moistened with a little ammonia, the black is very intense and quite permanent.

AITilliVSIS. In chemistry, a term which is employed to signify the art of re-

solving a compound substance into its constituent parts. Every manufacturer should

so study this art, in the proper treatises and schools of chemistry, as to enable him
properly to understand and regulate his business.—See Watts's ' Dictionary of Chem-
istry.' See also Specteum Analysis.

AUJITASH. An oxide of titanium, of the same composition as Brookite and
Entile. It occurs in Dauphiny with felspar and ilmenite, in Devonshire in chlorite,

and in North "Wales with Brookite. It is said to be found in the slags from the iron
furnaces of Orange County, United States.

AXrCBOB. (Ancre, Fr. ; Anker, Ger.) An iron hook, of peculiar construction
and of considerable weight and strength, for enabling a ship to lay hold of the
ground, and fix itself in a certain situation by means of a rope called the cable. The
necessity for securing boats, canoes, or ships in a certain position, has led to the adop-
tion of anchors, of some description, amongst every nation dwelling upon the shores of
seas, lakes, or rivers. They were often of tho rudest description. We are informed
that the Greeks at first used stone anchors, but that they subsequently employed in-
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stniments of irou, having ono, two, and throo toeth, which were not apparently very
clifloront from those we now employ. The anchors which are used by many of the
races inhabiting the shores of tlio Indian Ocean are made of the so-called 'iron-wood,'
which 18 so dense that it sinks in sea-water. The anchor is an instrument of the
greatest imporbmco to the navigator, since upon its taking and keeping hold depends
his safety upon many occasions, especially near a loo shore, where ho might bo other-
wiso stranded or shipwrecked. Anchors are generally made of wrought iron, oxcopt
among nations who cannot work this metal well, and who thoroforo use copper. The
modo in which an anchor operates will bo understood from inspection of fig, 60, where.

from the direction of the strain, it is obvious that the anchor cannot move without
ploughing up the ground in which its hook or fliUie is sunk. When this, however,
unlucldly takes place, from the nature of the ground, from the mode of insertion of

tho anchor, or from the violence of the winds or currents, it is called dragging the

anchor. "When the hold is good, the cable or the buried arm will sooner break than
the ship will drive. Anchors are of different sizes, and have different names, ac-

cording to the purposes they serve ; thus there are hower, stream, and kedge anchors.

Ships of the first class have seven anchors, and smaller vessels, such as brigs and
schooners, three.

The metal employed for anchors of wrought iron is known as ' scrap iron,' and for

the best anchors, such as Lenox's, they also use good ' "Welsh mine iron.'

It is not practical, without occupying more space than can be afforded, to describe

in detail the manufacture of an anchor. It does not, indeed, appear desirable that we
should do so, since it is so special a form of mechanical industry, that few will considt

this volume for the sake of learning to make anchors. The following veill therefore

suf&ce. The anchor-smith's forge consists of a hearth of brickwork, raised about 9

inches above the ground, and generally about 7 feet square. In the centre of this

is a cavity for containing tho fire. A vertical brick wall is built on one side of tho

hearth, which supports the dome, and a low chimney to carry off the smoke. Behind

this wall are placed the bellows, with which the fire is urged ; the bellows being so

placed that they blow to the centre of the fire. The anvil and the crane by which

the heavy masses of metal are moved from and to the fire are adjusted near tho hearth.

The Hercules, a kind of stamping machine, or tho steam hammer, need not be described

in this place.

To mako tho anchor, bars of good iron are brought together to be faggoted ; tho

number varying with the size of the anchor. The faggot is kept together by hoops

of iron, and the whole is placed upon the properly arranged hearth, and covered up

by small coals, which are thrown upon a kind of oven made of cinders. Great caro

and good management is required to keep this temporary oven sound during the

combustion ;—a smith strictly attends to this. When all is arranged, the bellows

are set to work, and a blast urged on the fire ; this is continued for about an hour,

when a good welding heat is obtained. The mass is now brought from tho fire to the

anvil, and the iron wolded by tho hammers. One portion haAang boon welded, tlie

iron is returned to fire, and tho operation is repeated until the whole is welded into

ono mass.

This will bo understood by referring to the annexed figures {fig. 61), in which tho

bars for the shanks, A. a, and tho arms, n n, are shown, in plan and sections, as bound

together, and their shapes after being welded Ijeforo union ; and c c represents tho

palm.
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Tho different parts of tho anchor being made, the arms are united to the end of the

shank This must be done with, great care, as tho goodness of_tho anchor depends

entirely upon this process being effectively performed.

61

The arms being Avoided on,

the ring has to be formed and welded. Tho ring consists of several bars welded

together, drawn out into a round rod, passed through a hole in the shank, bent into a

circle, and the ends welded together. Wlien all tho parts are adjusted, the wholo

anchor is brought to a red heat, and hammered with lighter hammers than those used

for welding, the object being to give a finish and evenness to the surface.

The toughest iron which can be procured should be used in the mamifactm-e of an

anchor, iipon the strength of which both the security of valuable lives and much

property depends.

The manufacture of anchors requires gr^iat knowledge

of the structure of iron, and skill in the art of worldng

it. The various parts of an anchor are thus named :

—

In fig. 62, a is the shank ; b, the arm or fluke ; c, the

palm
; d, the blade ; e, the square ; f, the nut ; g, the

ring; h, the crown,—the proportional weights of the

several parts being as follows :

—

The shank
Each arm
Two palms
Stock
Shackle .

^ths of tho whole.

%ths10"

ith

The bars and half the

The drawings on next j)age (fig. 53) show an anchor

on the old plan and the dissected parts of which it is

composed ; and {fig. 54), the patent anchor as invented

by Mr. Perring, with its several parts dissected as before.

Perring's improved anchor was a very ingenious one.

breadth of the anchor are first welded sej)aratoly, and then placed side by side, when
the upper half is worked into one mass, while the lower part is left disiinited, but it

has carrier iron bars, or porters, as the prolongation rods (3, 3, fig. 53), are com-

monly called, welded to the extremity of each portion. The lower part is now heated

and placed in the clamping machine, which is merely an iron plate firmly bolted to a
mass of timber, and bearing upon its siirfaco four iron pins. One end of the crown is

placed between the first of these pins, and passed under an iron strap ; the other end
is brought between the other pins, and is bent by the leverage power of the elongated

rods or porters.

Thus a part of the arm being formed out of the crown gives much greater security,

when a true union of fibres is effected, than when the junction was madie merely by a
short scarf.

The angular opening upon tho side opposite is filled with tho chock, formed of short
iron bars placed upright. When this has been firmly welded, the truss-pieco is

brought over it. This piece is made of plates similar to tho above, except that their
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odgofl aro hero horizontal. The trusa-pioco is half tho breadth of the arm ; bo that,

when united to tho crown, it constitutes, with tlio other parts, the total breadth of the
arms at those places.

The shank is now shut upon the crown ; the square is formed, and ihe nuts welded

to it; the hole is punched out for the ring, and the shank is then fashioned.

Tho blade is made much in tho way above described. In making the palm an iron

rodisfirst bent into the approximate form, notching it so that it may more readily take

Iht desired shape. To one end a porter rod is fastened, by which the palm is earned

and t™d round in the fire during the progress of the fabrication. Iron plates are

next laid side by side upon the rod, and the joint at the midd e js broken by ano^he

Dlato laid over it. When the mass is worked, its under side is filled up by similar

SatSs and the whole is completely welded ;
pieces being added to the sides, if neccs-

sa^v to form the angles of tho palm. The blade is then shut on to the palm afterS the^rt of thf arm attached to the blade is united to that which constitutes tJie

crovm Tho smith-work of the anchor is now finished.
, , rZ junction-orlhutting-on, as the workmen call it-pf the several members of an

anchori effected by an instrument called a Hercules, which is merely a mass of iron
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raised to a certain height, bet^veen parallel uprights, as in the pile-engine or vortical
raisea to a ' J' ,

'

deviously brought to a welding lioat.

"u'trl of2 sLnk is ™w.rtoTcofv. .Jhold the stock ,tea<lil, an<I keep it

f4=;|^op.vc£it.^^^^^^^^^^^^^

it is either round or polygonal, and about half the length of the shank.

The S^'ronL ancS (fy 50) is made of oak. It consists of two beams which

embra^rt 41^^^^^^^^^^ aiC'firJy united by iron ^^olts and
^^^^^^^^^ te^midSl^ a

fimirfi The stock is usually somewhat longer than the shank, nas in me miaaio a

SessSutTnt-Welfth oi^ its length, but tapers at its under-«de to nearly one-

half this thickness at the extremities.
^ ^ ^of«r,t iwI^mitPTnTif-

of anchor was made the subject of patent, by Lieutenant

Kote?Sre'L';rmV" 82^ -dified by him in a second

^teft ir^^^ 1829. The whole of the P-ts of the anchor are to be

bound together by means of iron bands or hoops, an place of bolts or pins.

S 55 is a side ^ew of a complete anchor, formed upon his improved construc-

tio^^and >^ 56 a^lan of the same ; Jiff. 57, an end .new of the crown and flukes,

or arms
; Jiff. 56 represents the two prin-

cipal iron plates, a a, of which the shank

is constructed, but so as to form parts of

the Btump-arms to which the flukes are

to be connected.

The crown-piece is to be welded to

the stump-piece, c c, Jiff. 58, as well as to

the end, I, of the centre-piece, h h, and

the scarfs, in m, are to be cut to receive

the arms or flukes. Previously, however,

to uniting the arms or flukes to the

stump-arms, the crown and throat of the

anchor are to be strengthened by the

application of the crown slabs, n, Jiff.

58, which are to be welded upon each

side of the croAvn, overlapping the end of

the pillar, h, and the throat or knees of

the stump-arms and the crown-piece. The

stump-arms are then to be strengthened

in a simihar manner, by the thin flat

pieces, p p, which are to be welded upon

each side. The palms are united to the

flukes in the usual way, and the flukes

are also united to the stump-arms by

means of the long scarfs, m m. When
the shank of the anchor has been thus

formed, and united with the flukes, the

anchor-smith's work may be said to be

complete.

Another of the improvements in the

construction of anchors, claimed under

this patent, consists in a now method of affixing the stock upon the shank of the

anchor, which is offbctod in the following manner : \ujiff. 55 the stock is shown affixed

to the anchor
;

in/<7. 58 it is shown detiiched. It may be made either of one or two

pieces of timber, as shall be found most convenient. It is, however, to be observed

that the stock is to be completed before fitting on to the shank. Alter the stock is

shaped, a hole is to be made through the middle of it, to fit that part of the shank to

which it is to be affixed. Two stock plates are then to be let in, one on each side of

the stock, and made fast by counter-sunk nails and straps, or hoops ; otner straps or

hoops of iron are also to be placed round the stock, as usual.

In place of nuts, formed upon the shank of the anchor, it is proposed to secure the

stock by means of a hoop and a key. shown above and below J. in fig. 56. By this

contrivance the stock is prevented from going nearer to the crown of the anchor than

it ought to do, and tho key prevents it from sliding towards the shackle.

Since fitting tho stock to the shank of an anchor by this method prevents tho use

of a ring, as in tho ordinary manner, the patentee says that ho in all cases substitutes a
shackle for the ring, and which is all that is required for a chain cable ; but when a
hempen cable is to be used, he connects a ring to the usual shackle, by means of a

joining shackle, as in jiffs, 55 and 66. The stock is shown in
fiff. 59.

Vol. I. M
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Mr, Rodger proposes, under another patent, dated July, 1833, to alter the size arid

form of the palms
; having found from oxperionco that aucliors with small palms will

not only hold better than Avith large ones, but that the arms of the anchor, even
NFithout any palms, have boon found to tako more secure hold of tho ground than
anchors of the old construction of similar weight and length. He has accordingly
fixed upon one-fifth of tlio length of tho arm, as a suitable proportion for tho length
or depth of tho palm. Ho makes tho palms, also, broader than thoy are long or deep.

Previously to tho introduction of Lieutenant Rodger's small-palmod anchor, ships
wore supplied with heavy, cumbersome contrivances with long shanks and broad palms
extending half-way up the flukes. So badly were thoy proportioned, that it was no
uncommon thing for them to break in falling on tho bottom, particularly if tho ground
was rocky. But, if once firmly imbedded in stiff holding ground, there was consi-

derable difficulty in breaking them out. Tho introduction of tho small palm, there-

fore, forms an important era in the history of anchors.

The next important introduction was Porter's anchor, with moveable flukes or

arms. One grand object sought to be attained here, was the prevention of fouling by
the cable. It was considered, also, that as groat injury was frequently occasioned by
a ship grounding on her anchor, the closed upper arm would remedy the evil. It was
found, however, that tho anchor would not take tho ground properly as at first con-

structed, and honce the ' shark's fin ' upon the outside of each fluke.

Rodger's invention was for some time viewed with distrust
;
but, from time to time,

improvements were introduced, until the patent, which gained tho Exhibition prize,

was brought out. On this the jurors reported as follows :

—

' Many remarkable improvements have been recently made by Lieutenant

Rodger, R.N., insuring a better distribution of the metal in tho direction of the

greatest strains. The palm of the anchor, instead of being flat, presents two inclined

planes, calculated for cutting tho sand or mud instead of resisting perpendicularly;

and the consequence is, that these now anchors hold much better in the ground. The
committee of Lloyd's—so competent to judge of every contrivance likely to preserve

ships—liave resolved to allow for the anchors of the ships they insure a sixth less

weight if made according to the plan of Lieutenant Rodger.'

The original Porter's anchor has also undergone considerable modification; and,

under the name of ' Trotman's anchor,' has now a conspicuous place.

Another invention is that of Mitcheson's, which, in form and proportions, strongly

resembles Rodger's ; but the palm is that adopted in Trotman's, or Porter's anchor.

It is a trifle longer in the shank than Rodger's, and has a peculiar stock, which

—

although original in its form—lacks originality in its design, since Rodger had pre-

viously introduced a plan for an iron stock to obviate the weakness caused by making

a hole for the stock to pass tlirough. Mr. Lenox was the inventor of an anchor which

differed somewhat from the Admiralty's anchor—a modification of Rodger's—in

being shorter in the shank and thicker in the flukes, the palms being spade-shaped.

Mr. J. Aylen, the Master-Attendant of Sheerness Dockyard, modified the Admiralty's

anchor. Instead of the inner part of the fluke, from the crown to the pea, be^ng

rounded, as in the Admiralty plan, or squared as in Rodger's and Mitcheson's, it is

hollowed. An American anchor, known as Isaac's, has a flat bar of iron from palm

to palm, passing the shank elliptically on both sides ; and from the end of the stock

to tho centre of the shank two other bars are fixed to prevent its fouling.

With the anchors thus briefly described the Admiralty ordered trials to be made at

Woolwich, and at the Nore. The results of those trials—the particulars of which need

not be given here—were, that Mitcheson's, Trotman's, Lenox's, and Rodger's were

selected as the best.
, r, . ^ .mi.

A competent authority, writing in the Lnited Service Gazeite says The

general opinion deduced from tho series of experiments is, that although Mitchesons

has been so successful, the stock is not at present seaworthy. Trotmans has come

out of the trial very successfully, but the construction is too comphcated to render it a

good working anchor. When once in the ground, its holding properties are very

superior ; in fact, a glance at its grasp will show that it has the capabihties of an

anchor of another construction one-fifth larger. There are, however, drawbacks

not easily to be overcome. Its taking the ground is more precarious than with other

anchors ; and if a ship should part hor cable, it would scarcely bo possible to sweep

tho anchor. It is also an awkward anchor to fish and to stow. Yet there are other

merits which render it, upon the whole, a most valuable invention, and no ship should

go to sea without one. Of Lenox's it is sufficient to smj that xt has been found equal to

and that it has gained an advantage over, Rodger's; but so strong is tho professional

feeling in favour of the latter, that it will over remain a favourite Our recom-

mendation would bo thus :-Lonox and Rodger for bower anchors, Mitchoson for a

sheet, and Trotman for a spare anchor.'
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Tho following Table gives at one view the results of the experiments idade by

the Admiralty npon breaking the trial-anchors, and tho time occupied upon elach

experiment :—

Anchors

Lieut. Eodger's

Brown and Lenox's

Isaac's

Trotman's
Honiball's

Admiralty's

Aylen's .

Weight

Cwts. qrs. lbs.

19 0 8

20

21

21

20

20

21

3 14

0 14

10

7

6

0

Proof-
strain

Tons

21|

21i
21|

21f

First

Crack

Tons
45
44i

58
51

54
40
44

Broke Time In
Brealdng

Tons Minutes

7H 21

47 7

63 10

531

75*

18

42
561 26

47^ 6

60

The history of the introduction of Lenox's anchors to the British navy -was as follows :

After sundry attempts to induce the Admiralty to give up entirely the use of

hempen cable anchors, in consequence of their breaking when applied to chain cables,

Mr. Lenox, in 1832, was permitted to alter some of the old anchors to such propor-

tions and shape as would enable them to stand a proof-strain upon the machine in

"Woolwich Dockyard. It was found, as previously apprehended and asserted, that

from the inequality of material in the old anchors, not above one in three was success-

fully altered, and Mr. Lenox was ordered to supply new anchors, which were proved,

and then approved of. This state of things continued until 1838, when Mr. Lenox

was requested to reconsider and complete the shape and proportions of anchors for

the navy, with a view to a contract being given out for the supply of such anchors to

the service. Then was constructed the shape called the ' Admiralty,' or ' Sir

William Parker's A.nchor' (Sir "William being then Store Lord). Mr. Lenox
suggested to Sir "William the doing away with every sharp edge and line in an
anchor, and adopting the smooth long-oval (in tho section) for the general shape of

shank and arm. This was approved of by Sir "William, and he brought it out as his

anchor. An entire Table of proportions was furnished ; but that it might meet with
no opposition from the influence of dockyard authority, it was sent to the officers of

Portsmouth Yard for their approval. They returned it after a few months, with
some slight alterations in the proportions of some of the sizes, and recommended the
construction ' to be on 'Perring's principle' of the cushioned, or made-up, crown.
It was so adopted, and continued to be made by
Brown and Lenox for about a year or two, when
the great and unnecessary expense incurred by
the plan was pointed out. It was contended it

was without any good
; because, if the crown of

the anchor, or any shut or weld, was made sound
and perfect, the amalgamation of the grain of the
iron would be complete, and assume its full power
or strength, whatever way it might be put to-

gether ; and the strongest form was that which
exposed the least surfiice of iron to the welding'
heat, and consequently to injury. About the '

latter end of 1839, the subject was again opened.

'

Mr. Lenox renewed his objections, by letter to,

Sir "William Parker, to 'Perring's plan' of shut-i
ting-up, and the consequence was—a contract,
with specification, &c. &c. appeared, and an
improved or modified plan of shutting-up (as it

is called) was proposed by Mr. Tyler, master-
smith of Portsmouth Yard, which was adopted

;

'and Mr. Lenox's shape and proportions (slightly
altered, as before said) came out as ' Sir "William
Parker's,' or the ' Admiralty Anchor,' and continued, until after the trials in 1852
with every success in actual service that a good anchor could maintain, and they weremade and sold in quantities to all the world.

In the n.avy of England, and in nearly all foreign navies, this anchor, of which
Jig. 60 represents the form, was adopted. They are also largely employed in the merchant service; but those are not so nicely proportioned as the anchors made for" thd
txovernment, nor are they so highly finished. Many merchant captains, however takeitoclgers anchor, and our steamers almost invariably take Porter's or Trotman's anchor;

M 2
*
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Trotman's Anchor is roprosontod in fig. 61, under its various positionB. Although

for convenionco Ti-otiiiau'u anchor is, aa wo have alroady stated, largely used by tlio

merchant eteamers, wo cannot but feel that the separation of the fluko from the shaft,

although it may be in many cases unobjectionable, is attended with the risk that when,

in an emergency, the anchor is required, the means of connexion may bo at fault.

Captain HalVs anchor is a very valuable one, from ^l^jXtZL^"'
"

capable of division, as shown in/^ ^2. so that it can be ^kon ouUn boats.^

^ ^^^^
There are various other shapes of anchors ; but attention nas uou

generally employed.
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Wo aro not in a position to offer any opinion upon the value of the several anchors

whicli have been named. Having described their peculiarities, there remains but little

to be said. The solidity of Lenox's anchors—as shown in fig. 63, and again in thoir

more recent modifications, in plan and section, -with the now form of iron stock,

flg_ 64—has recommended thorn strongly, and hence thoir general use.

The weight of anchors for different vessels is proportioned to tlio tonnage. Tlio

following Tables show the number of anchors now carried, and the weights of eadi

anchor, by the ships of the Navy, under the Admiralty regulations, and by merchant

vessels by the regulation of Lloyd's :

—

Admiralty Eegulatioks.

Sailing Vessels.

Name of Ship Tonnage

Number "Weight

Bower Stream Kedge Bower Stream Kedge

Tons Cwt. Cwt. Cwt.
Queen .... 3099 4 2 99 25 12

Camperdown . 2404 4 2 94 23 12

Albion .... 3082 4 2 92 23 12
Vanguard 2609 4 2 85 21 10

Cambridge 2139 .4 2 81 20 10

Revenge . 1954 4 2 77 19 9

Edinburgh 1772 4 2 73 18 9

Southampton . . . 1476 4 2 61 15 8

Endymion 1277 4 2 53 14 7
Stag ... . 1218 4 2 60 13 6

Thalia .... 1082 4 2 47 12 6
Vestal .... 913 4 2 38 10 5
Dido .... 731 4 2 31 9 6
Volago .... 516 4 2 27 8 4
Columbine 492 4 2 23 7 4
Cygnet .... 350 4 2 . 18 6 3
Nautilus .... 233 4 2 13 5 3
Small brigs 3 1 11 4 2
Cutters .... • • • 2 1 9 3 2
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Steam Frigates.

Namo of Ship Tonimgo

Number Weight

Bower Stream Ecdgo . Bower Stream Kedge

Tons Cwt. Cwt. Cwt.
Torrililn 1847 4 1 ' 8 66 14 7

Eotribntion 1641 4 1 3 52 13 6

Penolopo.... 1616 4 . 1 3 62 13 6

Aventor .... 1444 4 1 3 85 11 6

Sampson.... 1297 ,4r . 1 3 85 11 6

Cyclops .... 1195 4 1 .3 33 10 6

Steam Sloops,

Inflexible 1124 4 1 3 32 •10 • 5

Virago .... 1059 4 1 3 30 10 6

Modoa .... 835 3 1 3 28 9 r8

Hecla .... 817 3 1 3 26 8 8

Ardent .... 801 3 1 3 23 7 4

Volcano .... 720 3 1 3 21 7 4

Steam Chm- Vessels.

Sydenham ... 596 3 1 3 20 6 4

Spitfire ...... 430 3 !l 3 16 ^

Porcupine . . . 382 8.1 3 13 6 2^

Harp . .. . . 345 3 1 3 11 4^ 2^,

Por the following Tables ! am indebted to the kindness of the Chief Constructor of

her Majesty's Navy ;

—

Screw Frigates, Ironclad.

Name Tonnage

Number Weight

Bower Stream Kedge Bower Stream Kedge

Achilles .

Warrior
Bellerophon

Hector
Lord Warden

r Prince Consort .

Defence
Pallas . . •

No.

6121
6109
4270
4089
4080
4045
3720
2372

No.

4

4

4
4
4

4
4

4

No.
1

1

1

1

1

1

1

1

No.
2

2

2

2
•

2

2
•

2

2

Cwt.
112
112
70'

95
70'

94
95
66'

Cwt.

35
35

35
35

35
24
35
20

Cwt.

7 and 5

7 and 5

7 and 6

7 and 6

7 and 6

13 and 7

7 and 6

7 and 5

(Screw Corvette, Ironclad.

Favorite . . 1 2094
1

4
1

1
1

2. 70 1 20 .
1

9 and 5

Screw Sloops, Ironclad.

Research .

Enterprise .

1253
993

3

8

1

1

1

1

38
30

12

9

7

5

(For Screw Frigates, not Ironclads, see Table on p. 159.)

• Rodger's anchors.
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By Section 27 of the Rules, dated February 24, 1870, for the Building and Classification of h-on
Ships, it is provided that ' Their equipment is to be regulated by the Nvmber produced by the sum
of the addition of the half moulded breadth of the vessel amidships, her depth from the upper part
of keel to the top of the upper deck beam,,and the girth of her half midship section to the same
height, multiplied by the vessel's lengthy for one, two, and three-decked vessels, and for spar-decked
stcam-vcssela.'

I'or a vessel with an awning-deck, the equipment number to bo increased one-sixth beyond
that which it would be If she were flush decked and without un awning-deck.

Por a vessel with a partial awning-deck, poop, topgallant forecastle, or a raised quarter-deck, tho
equipment number to bo increased onc-tcnth beyond that whfchlt would be if she were flush dcckdd.
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Screw Frigates, not Ironclad.

Name

Mersey .

Emerald
Liffby .

Doris .

Imperieuso

Cura9oa

Niger .

Greyhound
Intrepid

Fawn .

Cormorant
Petrel .

Cordelia

Syria •

Wrangler

Espoir .

Touimge

Number

No.

3733
2913
2654
2483
2358
1571

Bower

No.
4
4

4
4

4

4

Stream

No.

1

1

1

1

1

1

Kedgc

Weight

Bower Stream Kcdge

No.

3

3

2

2

2

2

Cwt.

78
57'

70

70 and 67
70

64

Cwt.

20

24
18

19

18

18

Cwt.
9 and 5

9 and 5

9 and 5

9 and 6

9 and 5

8 and 4

Screw Sloops, not Ironclad.

1072 4 1 2 48 12

880 3 1 2 33 8

862 3 1 2 23 9

751 4 1 2 30 9

695 3 1 2 20 6

669 3 1 2 25 6

579 3 1 2 18 7

488 3 1 2 20 6

Screw Gun- Vessels, not Ironclad.

Two of 15

477 3 1 { and one of 1-
14

428 3 1 1 14^ 6

and 3

and 3

and 3

and 3

each

each

and 1

and 1

3

3

AJO'CHOVT. {Ancliois, Fr.
;

Acciughc, It. ;
Anschove, Gor.)

_
The Clupea

encrasicolus of Linnaeus {Ettgraulis encrasicolus), a small fish, common in the Medi-

terranean Sea. Anchovies are preserved as a delicacy, and used in the manufactiu'e of

anchovy sauce. Tho Gorgona anchovy is considered the best. They are abundant

oS the coasts of CornwaU and Wales, but the fishery is entirely neglected. See

Sardines.

AlO'CHTTSZC ACZn or ASrCHUSIM'. The colouring principle of the Alkanet

root {Anchusa iinctoria). See Alkanet.
AXTDAQXTZES WAX. A wax produced by a Species of bee found on the banks

of the Amazon and Orinoco rivers. It is used as a substitute for ordinary bees'-wax in

the manufacture of candles.

ANBIROIfS, or BAWB-XROSTS, also called Firedogs. Before the introduc-

tion of raised and close fireplaces, these articles were in general use. Stnitt, in 1775i

says, 'These awndirons are used at this day, and are called "cob-irons;" they stand

on the hearth, where they burn wood, to lay it upon ; their fronts are usually carved,

with a round knob at the top ; some of them are kept polished and bright : anciently

many (if them wore embellished with a variety of ornaments.*

AirsIMCOnx&TER. {^vefios wind ; fierpfw to measure). An instrument or

machine to measure the wind, its direction and force. Three descriptions of anemo-

meters are now usually employed— 1 , Dr. Whcwell's ; 2, Mr. Follett Osier's
; 3,

Dr. E(>binson's. This is not tho place to describe either of those most ingenioiis

instruments, a full account of which will bo found in the ' Transactions of the British

Association' and of the ' Eoyal Irish Academy.' It is also an instrument designed for

measuring the force and velocity of currents of air in mines ; and our description of

those instruments will be confined to such as are so employed.

It has not been unusual to determine the rate at which the air travels in the gallery

or in the shaft of a mine, by tho smoke of gunpowder, or by fioating light bodies, such as
thistle-down, in the air. There is, however, but littlo accuracy in those methods. The
primitive mode of ascertaining the velocity of currents of air in mines was that of
choosing a part of tho gallery forming the air-way, having as uniform sectional

• Rodger's anchors.
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dimensions as could bo found, and after measuring off a distance of 100 to 150 yards
in length, taking a liglitod candle and walking in tlio direction of the current,
holding the llame in such a position as to bo fully exposed to the influence of the
current, but taking care to walk at the particular rate required, to cause the flame to

burn in an upriglit position, without being deflected from the vertical, either by the
current or by the progress of the person carrying it. The time required to traverse
the distance measured off, being noted by a seconds-watch, enabled the average rate

of walking to bo determined ; and the average rate so found, from throe or four trials,

was assumed to be the velocity of the air-ciu:ront ; and this, multiplied by the average
sectional area of the part of the air-way selected for the experiment, was taken to

represent the quantity of air passing in the unit of time. Formerly, when this mode
of measuring tho air in mines was in use, it would afiford a close approximation to the

truth
;
but, with the ventilation now existing in many of our largo mines, it would

not bo practicable to walk as quickly as the currents travel in the principal splits ; and
running is not a sufficiently steady pace. One of the objections to this, as well as to

all other methods that require a considerable distance to be traversed, over which to

observe the velocity, is the difficulty of obtaining a gallery of equal area throughout

over a sufficient distance ; but in cases where this is attainable, this method admits of

great accuracy for velocities up to 400 feet per minute.

One of the principal of the second modes employed for the measurement of air,

consists in observing the velocity of the smoke from an exploded charge of gunpowder

in a part of the gallery, of nearly uniform sectional area ; and this, until recently, was

the means most generally adopted in the coal mines of this country, for' ascertaining

the velocity of air-currents ; and although it has of late been largely superseded by

the use of the anemometer, the practice is still in considerable use, and, so far as

regards shaft-velocities, remains the only method. It is, therefore, desirable to

ascertain how far the results obtained by this, and similar methods of measuring air-

currents, can be relied upon for accuracy ; and to investigate the various sources of

error connected with them, with a view of either avoiding or making proper allowances

for their effects, so far as may be practicable.

The sudden explosion of gunpowder in the confined passages of mines produces

several effects, which tend to cause inaccuracies in the resiilts obtained by noting the

passage of the smoke, as an index of the velocity of the current.

Experiments prove (as, indeed, might have been anticipated, considering the small

quantities of gunpowder used), that in general neither the increase of bulk due to the

introduction into the current of theproducts of cortdmstion, nor that due to the elevation

of temperature, have any appreciable effect on its velocity. But other experiments

show that the /orce of the explosion, when a considerable quantity of ^npowder is

used in a feeble current, gives an impulse to the current, and creates a velocity in

excess of the normal one. A revolving anemometer was placed in an air-passage

traversed by a feeble current, so regulated as to be just strong enough to produce

thirty revolutions of the instrument per minute. The explosion of a cubic inch of

gunpowder, at a distance of seventy feet, did not in any way affect the instrument;

but when the charge of guiipowder was increased to twenty cubic inches, the explo-

sion caused a sudden and violent increase of its rate of revohdng, acting as a tem-

porary impulse, the revolutions very quickly decreasing to the original number again.

The amount of error arising from this source, and which tends to increase tho

apparent velocity, depends on the quantity of gunpowder used, the sectional area of

the air-way, and the velocity of the current, increasing with the quantity of gunpowder

employed.
^ ^ ^ •

These errors may be overcome by using anemometers, or apparatus ot vanous

forms : and these may be divided into three classes :—(a)_ Anemometers having vanes

or wands, made to reuolve by the current of air impinging upon them, the rate at

which they revolve being indicated by pointers on dials forming a part of the instru-

ment-the pointers being made to revolve by means of wheels connectmg them with

the axis of the vanes or wands. The anemometers of Combes, Biram, Wbewell, Osier

and Eobinson, are instances of this class of instruments now in use m this country, all

of which require a correction for friction. (6) Instruments which are affected by thoW or impulse of the wind, without being subjected to any continuous revohing

motion! such as Dr. Lind's, Henaut's, Bongurs, and Dickinson's anemometers, (c)

Anemometers of a more complex character, such as Loslio s.
p„„,k„„

One of the most common forms of anemometer is that devised by Mr Combes.

TWs consists of a delicately mounted axle turning -'^h the utmost freedom^

which are mounted four rectangular plane wings equally '"^^'""^
,^ /^^^^

tiPrnendicular to tho axis In the middle of the axle is an endless screw wli ch drives

rXefStraliuiTd'teetli : this is adjusted so that it advances one tooth for each

revolution of the axle. The first wheel carries a cam, which acts upon the teetJi ol a
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fipcond wheel which has fifty teeth. At each revolution of the first wheel ^i^h3°
runied teeth, the cam starts the second wheel .vith fifty teeth by one tooth. The

method of using this instru-

ment will bo understood

from this concise descrip-

tion. The wings and first

wheel are adjusted at zero,

and kept immoTable until

the moment of commencing

the observation. Then for

every complete revolution

of the wings the first wheel

is advanced one tooth, and

when this wheel has com-

pleted its revolution, or

advanced a hundred teeth,

one tooth is moved forward

on the wheel of fifty teeth.

An index-pointer fixed upon

light uprights indicates the

number of revolutions of

the axle of the wings. The.

manner of using this in-

strument is easily under-

stood. The limbs are

placed at zero, and the in-

strument in the axis of the

air-tubes, keeping the limbs

immovable by means of a

catch, which is loosened at

the moment of commencing
the observations, and fas-

tened at the end of the

same. The division of the

limbs does not admit of

counting over 5,000 turns,

which for a velocity of air

at 9-84 feet per second,

would correspond with a
duration of nearly 3

minutes.

The anemometer of Dr..

Robinson is constructed on
the assumption that the

force of impact of the air

against hollow hemisphe-
rical cups is twice as great on the concave as on the convex side of the cups, and that
the vanes revolve at the rate of one-third the velocity of the current, except in so far

as the velocity of revolution is modified by friction.

The mechanism of this instrument is very strong, and allows of the revolutions
being recorded throughout the whole day ; it would, therefore, bo a very suitable

anemometer to have near a furnace, or in the principal intake or return of a mine.
Pressure Anemometer.—Perhaps the best known of the pressure anemometers are

M. Bongui's, Dr. Lind's, that of Henaut, described by Ponson, and Dickinson's, one of
her Majesty's Inspectors of Mines. The anemometer of Bongui consists of an appa-
ratus like a spring balance, furnished with a float-board, or plain surface of given
area, and the pressure or impulse is indicated by marks on the sliding-rod of the
spring ; it is figured and described in the ' Edinburgh Encyclopeedia.'
The anemometer most generally used in the coal mines of England is that intro-

duced by the late Mr. Biram. It consists of a series of vanes, which revolve with the
action of the air-current—the number of revolutions, or, rather, numbers proportional
to the revolutions, being registered by pointers on the face of a dial forming a part of
•the instrument itself. It is made of three sizes, 4, 6, and 12 inches ; is very portable ]
and is not, with proper care, liable to get out of order, especially the smaller size. A
certain force of current is required to overcome the friction, and put the instrument
into motion. Some of these instruments will continue to revolve in a current as low
as 30 feet per minute, but with the most of them a velocity of about 60 feet is required.
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66

Every ono who has occasion to uso this anomomotor should bo a-ware that it docs not
register the actual velocity of the air, especially in fooblo air-curronts; nor yet tho

number of revolutions of tho -wands, but

only a number proportional to tho latter

;

and although it is of great value, as indi-

cating an increase or decrease in the velocity

from timo to time, such as tho periodical

variations in any particular current, it is of

comparatively little value, as generally

vscd, for ascertaining real velocities, such,

for instance, as occur in changing or split-

ting air-curronts, -when it is of great impor-

tance to know tho actual quantities. To
obtain, ynth this instrument, accurate

results, available for all purposes, it is

necessary, as -with Combes' anemometer,

to apply a formula to its recorded revolu-

tions, or, rathor, to tho number indicated

by the index, in order to ascertain the actual

velocity of any current; each particular

instrument requiring special experiments to

bo made with it, in order to determine the

value of the constants required to bo em-

ployed in tho formula. These constants,

however, remain tho same for the same

instrument, so long as it remains in the

same condition, and are independent of the

velocities of the currents of air in which it

is employed.

To obtain the constants of this formula, as applicable to any particular instrument,

it is absolutely necessary, in making tho experiments, to know correctly tho true

velocity, as a standard of comparison. As before explained, none of the ordinary

modes employed for ascertaining the real velocities are reliable ; the investigators,

67

therefore, had a Wliirling Machine constructed, tho wand of which, in revolving^

described a circle of 25 feet in circumference ; tho number of its revolutions being

indicated by a pointer on a dial.
i i „* +v,;c

In the first instance, tliis mirling Machine was turned by tho haml, ^ "t -.s this

did not give a sufficiently uniform velocity, a small cbuni, and a rope wi h a descending

weight attached to it, was employed, to give motion to tho machino; and ?vork°

it gtve extremely accurate results, so far, at least, as regards ^ >°

velocity. By filing tho nuemomctcr on tho end of tho wand, tlie velocity with which

it passes through the air can be ascertained and compared with the revolutions of tho

anemometer, as indicated on its dial. Tig. 67 represoats tins machine.
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68

It 1ms been stated by somo ivriters that tlioro is a difForence botweon tho force_ or

iiupulso of air moving upon a body at rest, and tho resistance which a body moving

throiK-h a still atmosphere meets ^dth in its passage, supposing the velocity to bo the

samo in each ease ; and besides this, the effect of a body moving in a circle, in a still

atmosphere, may not be the samo as when moving in a straight Imo The experiments

of Hutton and others appear, however, to indicate that tho force of impact of a wind

against a stationary body is always proportional to the resistance which a solid, moved

through a still atmosphere, meets with at the same velocity.
v 4-1, i f Tvr

A. valuable series of experiments were made with this instrument by tho late Mr.

Atkinson, one of her Majesty's Coal Inspectors, and Mr. John Daglish, for which wo

must refer to the Transactions of the North of England Institute of Minrng Engineers.

The Tables that are given in connection with the Memoir there published are ot tlio

highest possible value.
i

•
i,

•

Water-gauges are sometimes used in determining the rate at which air passes

through tho shafts or galleries of a mine. They are ordinarily (J -shaped tubes with a

measured quantity of water, one limb of tho tube being bent down, so as to be presented

to the current of air.
. • <.i

Tho anemometer of Dr. Lind resembles the photometer of Pitot ; it determines tlie

velocity of the wind by its action on a small quantity of water in a U-shaped tiibe.

As tho 'same instrument is much used in coal mines as a water-gauge for indicating

the difference of pressure between tho down-cast and up-cast air-column, it will not be

at all necessary to give a detailed description of it. From numerous experiments, Dr.

Lind considered that the pressure of the wind in direct impulse is nearly proportional

to the square of its velocity.

Mr. John Daglish, F.G.S. introduced certain improvements in_ the construction of

the water-gauge, which he communicated to the Manchester meeting of tho North of

England Institute of Mining Engineers, July 14th, 1865.

This communication was made in the following words :

—

' Every one who has been much occupied in

conducting experiments on the ventilation of

mines will have probably felt the inconve-

niences attending the uso of the ordinary form
of water-gauge.

* The form of water-gauge introduced by Mr.
Daglish, and now extensively in. uso in tlio

North of England, is constructed with special

regard to portability, accuracy, and endm-ance.
' As the maximum pressure seldom exceeds

tliree inches of water-column, it is not neces-

sary that the travel of the index-scale should
exceed this ; the scale is divided simply on
cither side into inches and tenths, the pressure-

markings on the scale of the ordinary water-
gauge being not only useless but confusing,

and prevent the accurate determination of the
difference of the level of the water in each
tube. Tho upper end of one of tho tubes is

bent over, and open to tho external air only
by a contracted aperture. This prevents the
passage of dust into tho tube, which is a fruit-

ful source of annoyance in the ordinary water-
gauge when placed permanently in exposed
situations in dusty mines. The scale is moved
by a threaded rod working through a female
screw attached to the scale : this insures not
only tho accurate adjustment of the scale in tho
first instance, but its retention hi situ, when
adjusted. In tho ordinary form, if tho brass spring-clips, which attach the scale to

the tubes, bo too strong, tho scale cannot be accurately adjusted, especially when tho

water column vibratos much ;
if, on the other hand, they are too weak, the scale will

not remain in situ, but falls when released, and this latter is always the tendency after

much use ; and unless the tubes aro perfectly parallel, the scale will be too stiff in
one position, and fall in another. Tho upper end of tho other tube is bent at right
angles and fitted up with a short piece of flexible tubing, to tho other end of which is

attached a short brass tube to be inserted into the aperture to which it is required to
attiich the water-gauge ; this short piece of interposed flexible tubing betAvoon the
rigid brass and glass prevents the liability to fracture of tlio tubes, in fixing tho
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apparatus, -which is of such frequent occurronco with tho ordinary form of water-
gauge. The tube is contracted at tlio bottom bond to prevent tho oscillations of tho
water-column, especially when used ncsar the ventilating shafts ; in tho original ane-
mometer of Dr. Lind, which was similar in principle to tho water-gauge, this con-
traction was used.

' Tho tubes aro fitted to tho surface of a flat piece of wood, whicli entirely prevents
liability to fracture, and the apparatus can safoly bo carried in tho i>ockot; a small
bulb-tubo is fixed to the wood to allow of it being adjusted perfectly level when in use,

and this is of considerable importance, for any deviation from the perpendicular is

attended witli an alteration in tho level of tho liquid in each tube. When in use, tho
writer generally mixes a drop of tincture of rosanilino in the water: with this tho

position of the surlace of tho water in each tube is clearly distinguished, and the specific

gravity of tho fluid not appreciably altered,

* Where any great acciiracy is required, a vernier, worked by another threaded

screw, could readily be attached to the present scale.'

A DOW application of tho water-gaugo for ascertainihgthe pressure of tho ventilating

column in mines was made by Mr. John Daglish :

—

* The ordinary mode of using the water-gauge in mines, for ascertaining tho ventilating

pressiu-e, is to place it between the intake and return currents, as near as possible to

the bottom of the shaft in the mine. ^ The water-gauge, however, placed in this

position, does not give the actual dififeronco of pressure due to tho differences of tho

weight of the downcast and upcast columns of air at their different temperatures, but

only the excess of this amount of pressure over the pressure absorbed by the friction of

the currents in the shafts.

'This loss of pressure from shaft-friction in deep pits, especially where larga

quantities of air are moving at high velocities in the shafts, reaches a considerable

amount, and very sensibly reduces the indications of the water-gauge as ordinarily

employed. By placing in the downcast shaft, however, a range of pipes closed at tho

lower end by being connected to one leg of a water-gaugo, the other leg being open to.

tho upcast shaft, the loss of pressure duo to the friction of tho air passing down tho

downcast sluift is avoided, and thus not only is tho advantage gained of a greater

difference in the level of the water in tho two tubes than exists under ordinary cir-

cumstances, and thereby enabling tho existing state of the ventilating pressure to bo

more easily observed and recorded ; but inasmuch as tho velocity in the downcast shaft

diminishes with a diminished temperature of the upcast shaft, the increased difference

of level referred to above is not a constant quantity, but also varies with tho heat of

the upcast shaft ; hence, a water-gaugo so fixed, not only gives a greater extent of

scale under the ordinary state of tho ventilation of tho mine, but also a greater range

of scale under variation of temperature.
' Another advantage gained by this mode of using a water-gauge is its freedom from

the momentary oscillations which are so objectionable in the water-gauge as ordinarily

used, and which prevent very accurate readings.
.

' But tho chief benefit to be derived from the application of a long range of tubes in

the downcast shaft, is that of being able to place the water-gauge on the surface in any

position that may be most desirable, as its action is not interfered with by extending

tho pipes to any length or in any direction, inasmuch as the column of air in the pipe

is dormant and its pressure consequently not reduced by friction.
_

* At Seaton Colliery, belonging to Earl Vane, the depth of tho shaft is 25i fathoms

to the furnace in the Hutton-seam ; the upcast shaft is 14 feet in diameter, and tho

quantity of air going down the downcast shaft is 200,000 cubic feet per minute, and
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this quantity becomes increased to 300,000 cubic feet per minute in the upcast shaft

by ex^nS duo to tho high temperature. Tho ordinary ventilating pressure of tho
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mine, as indicated by a water-gauge fixed in the mine in the usual way, is 3 inches,

and becomes as low as 07 inches when the furnaces are out for repairs to the shaft.

' The dotted line on the preceding diagram {fig. 69) exhibits the range of the

water-gauge readings, placed in the ordinary position in the mine between the upcast

and do^Ticast shafts, taken one each day for a fortnight. The Wac/c line_ exhibits the

readings of the water-gauge placed in the colliery oflSce, by means of a pipe from the

bottom of the downcast shaft, on the principle previously explained.

' The of&ce is 200 yards distant from the top of the pit, which is 508 yards deep

;

there is, therefore, 708 yards of pipe (in this case the ordinary half-inch gas-pipe).

'It will be obsei-ved that in the customary application of the water-gauge, the

height of the water-column due to the ventilating pressure is 3 inches, falling to 07
inches when the furnaces are out, being a range of little more than 2 inches ; whilst in

the new application, the ordinary reading is 5 inches, falling to a minimum of 1"5

inches, having, therefore, a range of 3-5 inches, or nearly double.

' By the addition of a galvanic battery the instrument could be made, if this be

considered advisable, to ring a bell when the pressure became reduced below a fixed

point.'

AWESOXD BAROIMtETER. This instrument was invented by M. Vidi, of

Paris. In its latest form it consists of a cylindiical case, about 4 or 6 inches in

diameter, and 2\ inches deep, in which lies a thin metal box, near to, and parallel

with, the curved boundary of the case, its two ends being distant about half an inch

from each other. Prom this box the air

has been partially exhausted, and the ___M^
pressure of the external atmosphere on n IBK^
it causes it to alter its form. The ac-

companying figure (70) shows a section

of this box. It is made of thin cor- gaagsss'^^p^^^^y-^^

rugated plates of metal, so that its M^Wr. \..'^ '^^£^^^^r^j^^^
elasticity is great. By means of the r^^.^^^^^̂ ^^yA^yyyyyy^^^h^ - a-t^
tube F, the air is partially oxliausted,

when the box takes the form shown by the dotted lines. ~ A small quantity of gas is

introduced after exhaustion, the object of which is to compensate for the varying
elasticity of the metal at diflferent temperatures. The pressure of the air on the box
in ordinary instruments is between 40 and 50 lbs., and it will easily be understood
that any variation in this pressure will occasion the distances between the two plates

to vary, and consequently the stalk will have a free motion in or out. This is, by an
ingenious contrivance, changed from a vertical motion to a motion parallel to the face

of the dial, and this is converted into a rotatory one by the application of a watch-chain
to a small cylinder or drum. The original very slight motion is augmented by the aid
of levers. - This is so effectually done, that when the corrugated surfaces move tlirough
only the 250th part of an inch, the index-hand on the face turns over a space of three
inches. The extreme portability of this little instrument, and its comparative freedom
from risk of injury, render it exceedingly useful to the traveller. Its accuracy
is proved by the experiments of Professor Lloyd, who placed one under the le-
ceiver of an air-pump, and found that its indications corresponded with those of
tlie mercurial gauge to less than 0-01 of an inch ; and within ordinary variations
of atmospheric pressure the coincidences are very remarkable.

—

Lloyd, NicJiol, Brew.
See Baeometer.
AXrETHtriMC GRAVEOXiENS. The common garden Dill. This plant is cul-

tivated in England and imported from the South of Europe. It is used medicinally

—

chiefly on account of its hot and sweetish taste, and for flavouring spirituous cordials.
A.NCEI1ICA.. {Angelique, Er.

;
Angelika, G&x.) The Arckangelica officinalis.

The dried angelica root is imported from Hamburg in casks. The tender stems,
stalks, and the midribs of the leaves, are made, with sugar, into a sweetmeat (candied
angelica). The angelica root and seeds are used by rectiflers and compounders in the
preparation of gin, and as an aromatic flavouring for ' bitters.' The quantity culti-
vated in some moist places in this country is sufficient to meet our reqxiirements.
AM'CI.E-iaoir. A piece of iron rolled out in the shape of to form joints.
aircXiE-RAFTER or HIP-RAFTER. A piece of timber which runs from

tho angle of the building to the ridge of the roof, into which it is framed.
AxroiiE-STAFF. Strips of wood placed upon tho vertical angles to protect the

plastering.

AWGI.ESXTE. A sulphate of lead found native, generally produced by the
aecomposition of galena {sul]phide of lead). It was first found at Pary's mine in
Anglesca, whence tho name.
AircORA WOOX.. {Foil de chevron d!Angora, Er.) Called also anqola andango7ia. The wool of tho Angora goat {Capra Angorensis), employed in the manu-
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ftictiiro of shawls, camlets, and Quo cloth, &c., is obtained from the long-haired goat

of Angora, to which province this animal is peculiar. Lieutenant ConoUy has given

an account of this goat and some other varieties, Capra lanigera, tlio Cashmere goat,

and Changra or the shawl-gojit of Thibet .

—

' The country wliero it is found was thus described to us—" Take Angora as a

centre, tlion Kizzil Ermak (or Ilaly's) Chomgore, and from eight to t^n hours' ujarch

(say thirty miles) beyond ;
lieybazar, and the same distiince beyond, to near Nalabau

:

Sovree, Hissar, Yoorrook, Tosiah, Costombool, Gerodoh, and Chorkesh, from tlio

whole of which tract the common bristly goat is excluded, and the white-liairod go:it

alone is found." The fleece of the white Angora goat is called Uftik (the Turkish for

goat's hair), in distinction to yun, or yapak, sheep's wool. After the goats liave com-

pleted their first year, they are clipped annually, in April or May, and yield pro-

eressivoly, until they attain full growth, from 150 drachms to I4 oke of ttfltk (from

1 lb to 4 lbs English). The hair of the tiftik goat is exported from its native

districts raw in yarn, and woven in the delicate stuffs for which Angora has been long

celebrated 'The last are chiefly consumed in Turkey, while the yarn and raw material

are sent to Fmnco and England. It appears that the first parcels of Angora wool

were shipped from Constantinople for England in 1820, and it was so little appreciated

that it fetched only \0d. the poun^.
, u \,

' Within the last two or throe years, a new texture made of goats wool has, how-

ever been introduced both into France and this country, which calls for particular

attention This texture consists of stripes and checks expressly manufactured lor

ladies' dresses, and having a soft feel and silky appearance. The wool of which this

article is made is chiefly the wool of the Angora goat. This wool reaches us througli

the Mediterranean, and is chiefly shipped at Smyrna and Constantinople. In colour

it is the whitest known in the trade, and now more generaUy used in the manufacture

of fine goods than any other. There are, however, other parts of Asiatic Turkey from

which limited supplies are received ; but in quality not so good as that produced in

Ancora After the manufacture of shawls with goats' wool declined m France, this

faw material remained neglected for a long while About two or three years ago

however, the French made another attempt, and brought out a texture for

faS iesses, in checks and stripes, which they caU ^od de chevre: The warp is a

fine spun silk, coloured, and the weft Angora or Syrian white wool, which was thus

throXon the surface. This article has a soft feel, and looks pretty, but wearing

is apTto cut. The price of a dress of French manufacture has been from 2Z. IO5. o

3Z bS by adopting a cotton warp, the same article is now made in England and sold

for'l5s • and it is found that the cotton warp, as a mixtui-e. suits the goats hair

best '—ioKiSAey on Colonial Sheep and Wools, LonAon, 1852.

The principal manufactures of ^poil de chevre' in France are at Pans Cronyen

Thelle Se Ecrus (Oise), Montataire (Oise), and Ledau. In England, the wool is

.
•

fl! crv fn ^t Bradford knd partly manufactured there ; at Norwich, and also in

^SnKart ofUifyark^ Mr. Southey informs us, that the quantity of

IS wod'?^^^^^^^^ uSted Kingdom in 1848 was 896,865 lbs.
;
in 1849 the

*^Th?Jiantity S goafs' 'wool' or hair, in which the alpaca wool is included, was :-

Countries

From Franco . . •
•

„ Austrian Territories

'„ Turkey . . • .
•

British Possessions in

South Africa

Other Countries

Total .

18V1

lbs.

253,638

72,357

7,882,359

235,860

371,150

8,815,364

£
11,977

6,813

1,005,922

13,322

17,214

1,055,248

1872 '

lbs.

6,495,482 757,089

'

7~. ' T„ J x„ fiio manufacture of a new kind of lace.

In France this article is now applied to th^^^^^^^

See MoHAin and Cashjcbhe.

» TUo details not obtainable for 1873.
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AWBVSRXBES. A name now given by chemists to the so-called oxygon acids,

or those -wliich are clearly results of a combination of an element with oxygen.

Thus, the gaseous compound of sulphur and oxygen, commonly called sulphurous

acid (SO-), is now termed sulphurous anhydride ;
indeed, in its anhydrous state, the

gas does not exhibit any of the characteristic reactions of an acid, and hence in

modern chemistry the term sulphurous acid is restricted to the combination of the

anhydride with water (SO-. HO, or K'^SO').

ANHTBRXTE. A mineral consisting of anhydrous sulphate of lime. It occurs

in granular masses ; in crystals belonging to the orthorhombic system ; in crystalline

masses presenting cleavage in three rectangular directions, and hence termed
_
c^zce-

spar ; and in certain curiously contorted forms known as tripe-stone. Anhydrite is

frequently found in beds of rock-salt, where it is often associated with gypsum, or

hydrous sulphate of lime; indeed, anhydrite may readily pass into gypsum by

combination with water, and in certain localities—as at Bex, in Switzerland—exten-

sive beds of anhydrite have been thus hydrated. The compact and granular varieties

of anhydrite are often worked into ornamental forms, and the coarser kinds, when

occurring in sufficient quantity, have been used for building purposes. The mineral

is also useful to the agriculturist, like gypsum, for improving certain soils.

AXtrn. The name of the American species of the Indigo plant. (Indigofera). It

is a shrubby plant, growing from 2^ to 3 feet high. Prom it the name Aniline is

derived. See Anllinb and Indigo.

AlI'XZiX:X]VE. See Aniline-Violet.

ASriXiXSrE. (C'^H'N, or Unitary System, H*, RRXiT,* Phenylamine.) This

organic base having of late years met with an important application in the arts, in

the production of beautiful dye-colours, a description of the methods of preparing it,

and of some of its characters, becomes necessary; though for details of its more
interesting relations in scientific chemistry, we must refer to Watts's ' Dictionary of

Chemistry.'

Preparation.—There are few bodies which admit of being prepared in a greater

variety of ways—all of them interesting in tracing the chemical history of this most
curious body ; and we proceed to describe Dr. Hofmann's original mode of procuring
it from the basic oil of coal-tar, although this method is no longer resorted to for the
manufacture of aniline. = .

=

The oil is agitated with hydrochloric acid, which seizes upon the basic oils ; after
decanting the clear liquor, which contains the hydrochlorates of these oils, it is

evaporated over an open fire until it begins to disengage acrid fumes, which indicate a
commencement of decomposition, and is then filtered, to separate any adhering neutral
compounds. The clear liquor is then decomposed with potash or milk of lime, which
liberates the bases themselves in the form of a brown oil, consisting chiefly of a
mixture of aniline (C H' N), and leucol or quinoleine (C* H' N). This mixture is

submitted to distillation, and the aniline is chiefly found in that portion which passes
oyer at or about360° P. (182° 0.) : repeated rectification and collection of the product
distilling at this temperature purifies the aniline ; but to complete the purification, it is

well to treat the partially purified aniline once more with hydrochloric acid, to
separate the bases again by an alkali, and then to rectify carefully.

The violet reaction of aniline with solution of bleaching-powder enables the
operator to test the distillate from time to time, to ascertain when aniline ceases to
pass over, since leucol does not possess this property.

—

Hofmann,
Aniline may also be obtained from indigo.

When indigo-blue is dissolved by the aid of heat in a strong solution of potash,
and the mass, after evaporation to dryness, submitted to destructive distillation,
it

_
intumesces considerably, and aniline is liberated, which condenses in the re-

ceiver in the form of a brown oil, together with a little water and ammonia disengaged
with it. The aniline is purified by rectification, as in the method before described.
By this process, the quantity of aniline obtained is about 18 to 20 per cent, of the
indigo used.

—

Fritzsche. (See Indigo.)
By treatment with potash, the indigo-blue (C^ S' NO) is converted into chrysa-

mhc acid and anthranilic acid (C H' NO^), and it is this latter body which, by
destructive distillation, yields carbonic acid and aniline.

C H' N0««0« H'N + CO^.

Nitrobenzol may bo converted into aniline, either by the action of sulphuretted
hydrogen, or, more conveniently, as has been shown by M. B^champ, by the action
01 a basic acetate of iron.

employed throiighoufc this nrticle, and in the foUowinB articles on nnllinn nni^,,..are constructed with the modem atpmio weights, although not prmted hi black tjpe.
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Tor this purpose, tho following proportions havo been found convenient hy the

writer ; mix in a retort ^ lb. of iron filings, -with about 2 ounces of acetic acid, then

add about an equal volume of nitrobenzol. After a few minutes a brisk eflforvoscence

sets in, and the aniline distils over together with water. Tho reaction may require

to be aided by the application of a very gentle heat ; but it takes place with tho

greatest ease, and an ordinary condensing arrangement should bo employed. Tho

aniline having so nearly tho density of water, does not readily separate on tho

Burfeco, but tho addition of a small quantity of salt, which dissolves in the water,

brings it to tho surface. It may then be decanted off, dried by standing for a

short time over chloride of calcium, and then purified by rectification, as before

described. .... • t r
Properties.—^Anilino is one of tho organic basic derivatives of ammonia. In fact,

it may be viewed as ammonia in which one equivalent of hydrogen is replaced by

the compound radical Phenyl (C H"), thus :—

rCH*
N-^ H

Jiist as phenyl is one of a series of homologous radicals, so anilino is the first of

a series of homologous bases, in which the one equivalent of hydrogen is replaced by

these radicals respectively, thus :

—

Homologous RaaicalB. Homologona Bases.

Phenyl . . . C« - Aniline . . . N|g-2

Toluyl . . . C H' - Toluidine . . . Nl^a

Xylyl . . . . C H» - Xylidine . . Nj^,

2

C"lO HIS

Cymyl . . .
- Cymidine . . . N|jp

When pure, it is a colourless Uquid of a high refractive power, density 1-028, and

of an aromatic odour. It is sHghtly soluble in water, and mixes in all proportionB

with alcohol and ether. It boils at 360° F. (182° C). It dissolves sulphur and

phosphorus when cold and coagulates albumen. It has no action on htmus-paper,

but turns delicate vegetable colours, such as dahlia-petal infusion, blue.

Its basic characters are well developed; thus it precipitates the oxides from the

salts of iron, zinc, and alumina, just like ammonia, and yields, with chlondeot

platinum, a double salt sitoilar to ammonia, the chloro-platinate of amline (20 Jl

NCI PtCl'), which on ignition is entirely decomposed, leaving only a residue ol

plat num. These characters, together ^yith the beautiful blue colour which it strikes

^th solution of bleaching-powder, or the alkaline hypochlorites generaUy are sufl-

cient for the recognition and distinction of this body. (See PHENTi'. &c. &c.)

Saits of ANiriNE.-Aniline combines with acids, forming a long series of salts

whiS are in every respect analogous to the corresponding salte of ammoma They

Tre nearlv all soluble and crystallisable, and are decomposed by the mineral alkabes

Sth totTon of aniline. They are generally colourless, but become red by expo-

"""sr^MlffAnUine. (C» N ;
W SO^-This ^^^^PX^a^'Sh

SS^?h iSrlt is ^h^^S less so in cold, only

slightiy soluble in alcohol, and insoluble m ether.
.^„i,iornto hvdrobromate,

i llrge number of other salts are : tho ^rod^^^^^^^ ^.

hydriodate, nitrate, several phosphates, cilrato, ^^^^^raU), fcc^
, ^ ^

purely scientific interest. Tho samo remark applies to tho vanous proQuccs
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decomposition of aniline, -whicli have boon so ably investigated by Fritzsche, Zinin,

Hofmann, Gerhardt, and other chemists.

Since this was -written, the aniline dyes have received such an important develop-

ment, that it is necessary to give a more detailed description of these beautiful colours.

It appears desirable that a Dictionary of the Arts should comprehend a succinct

history of the discovery of a body which has performed so important a part in the

advancement of a special industry as Aniline has done.

In 1826 Unverdorben, a German chemist, when exposing indigo to destructive

distillation, discovered an oily substance which formed crystalline compounds with

acids, to which he gave the name of Crystalline. Eunge, also a German, subsequently

observed in coal-tar oil a substance capable of forming saline compounds, and of

striking a violet-blue colour with chloride of lime. To this he gave the name of

Kyanol, blue oil. At a later period, Fritzsche, when investigating the action of

potash on indigo, obtained a quantity of a basic oil, which he analysed, and to which
he gave the name of Aniline. Zinin, about the same time, found that Nitrohenzol,

when submitted to the action of sulphuretted hydrogen, was converted into a pecxdiar

and, as he thought, a new substance, to which he gave the name of Benzidam (an

ammonia derived from Benzol). Hofmann was the first who submitted crystalline,

kyanol, aniline, and benzidam to careful experimental comparison, and proved them
to be identically the same substance, which now took its place in chemistry under
the name of aniline.

In 1825 Michael Faraday, during an examination of the oily products separated

in the compressed oil-gas holders—then largely used—discovered Benzol, which he
then descnbed as a bicarburetted hydrogen. On this important discovery. Dr.
Hofmann remarks :

' In this investigation, as indeed throughout the whole series of

his immortal researches, Faraday's object was the elaboration of truth for its own
intrinsic value and beauty ; and in the same spirit has the work been continued by
those, who, after Faraday, engaged in the further scientific examination of this subject.

Nobody in those early days of benzol, when the substance simply existed as a
laboratory curiosity, dreamed of the brilliant career looming in the distance for this
body, nor of the marvellous transformation it was destined to undergo. But the
experience of the last few years in this matter has only corroborated the old axiom,
which cannot be too often repeated, that the search after the true, for its own sake,
leads on to the discovery of its natural corollaries, the useful and the beautiful. For
those, indeed, lie folded up in truth, to be in due time evolved therefrom, even as the
great tree unfolds itself from out the little seed.'

Mitscherlich, some years later, found that benzoic acid, distilled with caustic
potash, gave a colourless volatile liqTiid, identical with the hydrocarbon discovered by
Faraday ; and hence the name this substance now retains—Benzol. Dr. Hofmann,
in 1846, proved the presence of benzol in coal-tar oil, and in 1848 Mansfield showed
that an inexhaustible quantity of it could be procured from that source. See
Benzol.

Now, the crude tar of the gas-works is subjected to regulated distillation. Thus is
obtained separately wapA^Aa ovlight oil (oily liquid lighter than water), and then dead
oil or heavy oil (oily liquid heavier than water), and finally remaining in the retort
^tch. From the light oil, benzol is separated by further fractional distillation.
Mitscherlich showed, if this benzol is dissolved in fuming nitric acid, and the clear
liquid mixed with water, a compound (nitrobenzol) is precipitated as a dense yellow
liquid. This is the well-known artificial oil of bitter almonds, which is now prepared
easily and economically on a large scale. It was Zinin, already named, who dis-
covered that sulphuretted hydrogen converted this nitrobenzol into aniline, and who,
believing the substance thus produced to be a new one, described it under the name of
benzidam, or an ammonia derived from benzol. (See Niteobenzol.)
The successive changes of benzol are thus expressed in chemical symbols.

First change.

Transformation of benzol into nitrobenzol.

CH" + HNO» = CH^NO^ H^O

Benzol. Nitric Nitrobenzol. Water.
Acid.

Second change.

Transformation of nitrobenzol into aniline.

C«H»NO' + 3gS = CH'N + 2H20 -|- 3S

Nitro- Sulphuretted Aniline. Water. Sulphur
benzol. Hydrogen.

K 2
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Dr. Hofmann remarks that Bulphurottod hydroRon is not liy ony moans the most

convoniont reducing agent to effect this conversion, and ho has shown that when

nitrobenzol is placed in contact with metallic zinc and hydrochloric acid, it is

rapidly converted into aniline. Bdchamp submitted nitrobenzol to the action ot

metallic iron and acetic acid, and thus transformed it into aniline. Ihis process is

now almost universally adopted. Equal weights of nitrobenzol, acetic acid and

cast-iron turnings are very gradually mixed in cast-iron vessels, so that the heat pro-

duced by the reaction does not raise the temperature of the mixture too high J.he

semi-solid mass which is produced consists of acetate of
'^o^.^f^t'^'Snn TlinT"

This is distilled sometimes alone, or by some manufacturers with the addi^m^

the distillate consisting generally of acetone, ^^^^l^"/' ^^^^l*^"^ °'^"°^^'^7;^d^
several other products arising from the impurity of the P^trobonzol. The cmde

aniline mixture is redistilled, and the aniline obtained Bufficiently pure ^7 collec^ng

the products distilUng between 175° C. and 190° C Thus produced, amhno is a

slightly brownish liquid, a little heavier than water.
cotisfac-

ANI1.INE-B1.ACK. This colour can scarcely be said to have been satistac-

torn^dS The green tints (see Aniline-Gbeen) are turned black, accorjng

toaSSs devised by Messrs. Wood and Wright, by mixing chlorate of potash

StLCunicTaTt'anla salt of aniline ;
for the

salts. Aniline-black may also be produced by treating the colour on ^/y^;;^^
tions of bichromate of potash, or of weak ^l^^.^^^^^S/P^^'^f.VHf'^'o^^^^^
mav be mixed with hydrochlorate of aniline, without the add tion

of
cWorate oi

potash aTd the mixtie printed On the fabric, when gradually a black tint is

^torchng to Brandt aniUne-blacks are very variable in their coy^^iti^"

-«s=ttS=t;^:d-^
Concentration which is developed in P-«--.

°f,^Xchtir^ andtn^S s3
beside weakening the tissue, blacks are obtained which

g^^";J^^^^^ mating the

the appHcation of bleaching-powder In this case the g^s
^J^J,^ ^fee in^ the

premises contains a little sulphur, the fumes cause the folds ot every piec

^^iSSfiacks result from two distinct -c^^^^^^^^^ There is, firstly d^ompositioj

of the chlorate of aniline ; ^^P^^l^'^'^fZe^^ product,

with the chlorate. The decomposition of the tormer^g^
substitution-a fact which

chlorine substitution of amline is
xiSt^^e of the two blacks, as it

but it is not so fine as that
P^'^^'^^^f This latter is an

does not acquire its lustre and ^^'^'^t

J' ^^^^^ It is less soUd than the

intense violet-blue, which ^ars hlack wl en con^^^^^^^
^^^.^^

former, and turns greenish -j^h the small s^^^^^^^
^^^^ ^

soap very well The^^f of beauty with the

S:Jmu^^fSr-^^^^^^^

similar in each case. _ , nn.T.nire in M. Pelouze's laboratory, dis-

AIiriI.IBrE-Bl.WB. MM. Girard and De Laire in m
^^^^.^^

covered the reactions which give rise o the
JJ^^^^^ ^^^^^^^^ of giving rise to its

heating a salt of rosan hue, or a nn-tim^^^^^^^

TanZl. The blue coloui-ing-matters

formation, for several hours with
.^""J^^^^^Zude Lyons. The operation on a largo

thus obtained are the Blm do Paris and « °f^i^f^Xof rosanilino, with an excess

scale is carried out by alloAving the ^f^^^ =1
^ considerable time. K a

of aniline, to digest at a temperature of 160 or IW
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mixture of 2 kilogrammes of dry hydroclilorate of rosaniline and 4 kilogrammes of

be employed, the operation is completed m fou^ hours The c,ude thio

3ed by treating it successively with boihng water, acidulated with hydrochloric

S and ^th pure water, until it presents the purest possible hue. Mr. Nicholson

Sas devised and patented a process of purifying the_ blue colourmg-mattor, which he

Solves for this purpose in concentrated sulphuric acid, afterwards digesting the

soSn for half an hour at a temperature of 150° 0. On adding water to this

solution, the blue colouring-matter is precipitated m a modified condition, having, m
fact, become soluble in pure water.

.,. i
•

-u t. xi, a -u

Dr Hofmann has "determined the nature of amhne-blue, which he thus describes :—

'The' blue colouring-matters, as might have been expected, are saline compounds

of a colourless base, which may be obtained in a state of perfect purity by dissolving

one of the salts (the hydrochlorate, for instance) in alcohol, and filtering the solution

into alcoholic ammonia. The deep blue immediately disappears, and the slightly

reddish solution yields the free base on addition of water, in the form of a white

curdy precipitate, which graduaUy assumes an indistinctly crystalline character.

Dried in vacuo, this substance remains colourless, or assumes^ a slightly bluish tint

;

at 100° it cakes, and becomes brown ; and is found by analysis to contain

—

This formula exhibits an extremely simple relation between aniline-blue and aniline-

red; indeed, aniline-blue is triphenylic rosaniline:

—

Aniline-red C^" B}^ W,WO Kosaniline.

The salts of the triphenylic derivative correspond to the rosaniline salts. The

composition of the hydrochlorate, which Mr. Nicholson prepared in a. state of perfect

purity, is analogous to that of the monacid hydrochlorate of rosaniline :

—

Hydrochlorate of rosaniline N», HCl.

r"j[l8 "1

Hydrochlorate of triphenylic rosaniline gQe^s P''-^^^*

The genesis of aniline-blue is represented by the following equation :

—

C^»H>«N^HC1 + 3[^''|;}N] =0^0 [^'og^y ]
N^HC1 + 3H»N.

Hydrochlorate of Aniline Hydrochlorate of Amino-

Eosaniline Triphenylic nia..

Kosaniline.

Aniline-blue, when submitted to the action of reducing agents, such as nascent

hydrogen or sulphide of ammonium, is converted into a colourless, difficultly crys-

tallisable substance, which in composition corresponds to leucaniline. It contains

C^ff'N'.'

The recognition of the nature of aniline-blue led Dr. Hofmann to some experiments

which soon became of great industrial importance. Seeing that the substitution of

three atoms of phenyl for three atoms of hydrogen in rosaniline induces a change

from red to blue, the idea naturally suggested itself to replace the hydrogen by other

radicals, such as methyl, ethyl, and amyl. Experiment furnished results^ of much

interest. Kosaniline is readily attacked by the iodides of these radicals : a series of new

substances being produced, obviously the salts of trimethyl, triethyl, andtriamyl rosani-

line, the blue and violet colours of which are similar to that of the phenylated com-

pound. These new colouring-matters are now manufactured on a largo scale by Messrs.

Brooke, Simpson, and Spiller, of London.

Under the title of ' Iirvprovements in preparing Colouring-Matters for Dyeing and

Printing,' Dt. Hofmann patented (sealed August 29th, 1863) the following processes :

—

•I take the substance now well known as " rosaniline," being the base obtained from the

various salts of rosaniline found in commerce under the names of " roseine," "magenta,"

and also by other names, and which is usually prepared from aniline and the homo-
logues thereof, and I mix it with the iodides, bromides, or other salts of the "alcohol

radicals," such as iodide of ethyl, methyl, or amyl, or bromides of the same. I em-
ploy the substances, by preference, in the proportion of one equivalent of rosaniline

to three equivalents of the salt of the alcohol radical ; I then heat the mixture, either

alone or together with methylated spirit, to a temperature between 212° and 300° F.
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in a closo vessel under pressure ; it is convenient to use an iron boiler provided vrith

a safety-valve. I continue tlie heat until the dosirod result is obtained. During the

heating the mixture passes through several phases of colouration, being eventually con-

verted into a blue substance. If the process is stopped before the -whole is oonvertod

iato the blue, the mixture is then of a violet or purple colour. For the purpose of

dyeing and printing the mixture maybe used in the same manner as that in which the

aniline colours are employed.'

Nicholson's method of making aniline-blue soluble in water was discovered in 1862,

but other soluble aniliuo-bluos are now in the market. Sulphuric acid acting upon

aniline-blue can give a series of products varying according to the intensity of the re-

action. All are sulphacids of triphonylrosaniline. Bulk has proved the existence of

four of those bodies. Sulphuric acid gives, according to circumstances, sulphate of

triphenylrosaniline, or its mono- bi- tri- or tetra-sulphuric acid. When wo treat

hydrochlorato of triphenylrosaniline with strong sulphuric acid and cool the mixture,

we obtain a deep red liquor, and hydrochloric acid is liberated. On putting this mix-

ture into water, sulphate of triphenylrosaniline is precipitated unaltered in the form of

a fine blue powder. If, instead of cooling the mixture, it is heated and kept for five

or six hours at a temperature of 30° C, it yields equally, when poured into water, a

blue precipitate, insoluble in that liquid, but which differs from the last-mentioned

blue precipitate in being soluble in a solution of soda, in which it gives a red solution.

This latter precipitate is the monosulphuric compound of aniline-blue. When re-

cently prepared, itforms deep blue masses, which, when dried in the water-bath, take

a fine metallic lustre. It is a monobasic acid, forming with the alkalies salts soluble

in water ; those of the earths are sparingly soluble. To obtain these salts it is need-

ful to treat the freshly-prepared acids with caustic alkalies. They are scarcely

soluble in cold water, and dissolve in hot water with a feeble colouration.
_
The soda

salt of this acid is known in commerce as Nicholson's or alkali-blue. It is prepared

by digesting the monosulphuric acid of triphenybosaniline with a solution of caustic

Boda, not enough to saturate the acid. It is then filtered and evaporated down to dry-

ness at 100° C. It is an amorphous black-grey mass. It dissolves in hot water with

a blue colour. The colour of the aqueous solutions of the salts in question is very

feeble, but becomes strong if the acid is set free. If acetic acid is used the colour

is unalterable by air in the cold. It is decomposed by hot acetic acid and by cold

mineral acids. Wool extracts these salts from their solutions in a colouriess state

if borax or silicate of soda is added. The salt thus fixed on the wool adheres

verv firmly, and cannot be removed by washing. When the wool is plunged into an

acid bath, the colour appears in its full beauty and intensity. The bisulphuric com-

pound is formed by dissolving the aniline-blue in six times its voliime of sulphuric

acid, and keeping it for five hours at 60° C. It is then poured into water, ihe

greater part is precipitated, but a little remains dissolved, forming a_ blue hquid.

The blue precipitate is bisulphuric acid, and the Uquid is the trisulphune. The bi-

sulphuric compound is scarcely soluble in water, but dissolves m alkalis forming salts

soluble in cold water. The soda-salt is known in commerce as ' soluble blue. It is

more soluble than the soda-salt of the former acid. The salts of the heavy metals

are mostly insoluble. The trisulphuric acid is prepared by decomposing the blue

Hquid formed along with the bisulphuric, by means of hydrochloric acid. The preci-

pitate is soluble in water and in alcohol. The highest
««^P°;^f

tetras^p^^^^^^

is formed by digesting aniline-blue in fuming sulphuric acid at 140 C. The hqaid

when poured into water, forms a blue solution, from which the free sulphuric acid

mav be withdrawn by means of carbonate of lead. On filtering and evaporating we

Sn aTalt of lead Saturated with the tetra-acid.
_
It is soluble m water, and preci-

Sle bv alcohol. Its alkaline salts are soluble in water and in excess of alcohol.

Th^se of tt heaVy metals are soluble in water, but not in alcohol Silk scarce y

Sdraws theS from alkaline and neutral solutions of this acid but is readily

Scd inIn acidSated bath. The sulphuric compounds of amhne-violet are analogous,

but as their colours are not fine, they are loss interesting.

JI.]!rZXiXNE.GREZ:xa-. Aniline assumes a beautiful indigo-blue coloiir by tlie

acttn ™foratf of potash, to which a ^-ntity of hy<^ochlorH.

added and also under the influence of a solution of chlorous acid. JJr. Grace Oalvort

and Messrs Lowe and Clift have produced similar blues, and described them under

£n^™f ^Z:rMost of theL blues possess the property of a^™^^^^^^^^^^^

influence of acids, a green tint called Emeraldtnc. Dr.
f^ T^fJ^lOTato of ^

directlyupon cloth byprinting with a mixture of- aml^^^^^^^^

co'n^v;rte?intS^^^^^^
through a hot dilute alka^fne

^t^So;M^rS?g» Hes X;rate?vioM by Hofmann's patent,
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described above, there is always produced simultaneously a certain quantity of a green

colouring-matter, which may be purified by taking advantage of the circumstance that

it is freely soluble in alkaline solutions. When crystallised or precipitated by suitable

reagents, it is commonly known by the name of ' iodine-green,' and may be regarded

chemically as a double compound, resulting from the union of iodide of ethyl with the

already ethylated rosaniline. The colour has an affinity for silk and wool, it is re-

markably brilliant, and is much used on that account for dyeing bright green, the

shades being modified at pleasure by developing with picric acid. This body under-

goes a remarkable alteration by heat, which resolves it again into its constituents, the

colour changing from green to violet.

The following method of applying the aniline-green dye on straw will bo useful.

The straw is laid for some time in boiling water and then washed in cold water. It

is next bleached in a bath containing 20 grammes of chloride of lime,_ and 7 to 9

grammes of sulphuric acid. No more water is used than is needful to give sufficient

room for the straw to be well covered and turned about. It is then well washed in

cold water. A mordant is then made up of sumach, alum, and tartar. In this it is

well worked, and allowed to steep for 15 minutes. Half the mordant is then run off,

and the vessel is filled up with pure water. The straw having been taken out, aniline-

green, and, if necessary, picric acid, are added, and the straw is worked in this till the

right shade is obtained.

AXriKHrE-RED. The discovery of this colour is clearly due to Dr. Hofmann.

In 1858 this chemist wrote, in the 'Proceedings of the Koyal Society' (vol. ix.

p. 284) as follows :—' The aqueous solution yields, on addition of potassa, an oily

precipitate containing a considerable portion of unchanged aniline ; on boiling this

precipitate with dilute potassa in a retort, the aniline distils over, whilst a viscid oil

remains behind, which generally solidifies with a crystalline structure. Washing
with cold alcohol, and two or three crystallisations from boiling alcohol, render

this body perfectly white and puje, a very soluble substance of a magnificent crimson

colour remaining in solution. The portion of the black mass, which is insoluble

in water, dissolves almost entirely in dilute hydrochloric acid, from which it is re-

precipitated by the alkalies in the form of an amorphous pink or dingy precipitate

soluble in alcohol, with a rich crimson colour. The greater portion of this body
consists of the same colouring principle, which accompanies the white crystalline

substance.'

This red colouration was indeed noticed in 1843 by Dr. Hofmann, while studying

the action of fuming nitric acid upon aniline. In 1856 Natanson observed it when
examining the action of Dutch liquid upon aniline. The industrial discovery of

aniline-red was made in 1859 by Messrs. Verguin and Eenard Brothers, of Lyons.
Their process for obtaining it was as follows :—A mixtm-e of ten parts of aniline,

and from six to seven parts of tetrachloride of tin, either anhydrous or hydrated, is

heated to ebullition for fifteen or twenty minutes. The liquid first becomes yellow,

and then gradually more and more red, until at last the colour is so intense that the

mass appears black. The mixture is allowed to cool, and then treated with a large

quantity of boiling water, which acquires a magnificent red colour, and, without any
other preparation, forms a splendid dye both for silk and wool. It is found advis-
able to previously purify the red colouring-matter, for which purpose its insolubility

in saline solutions is made available. If the concentrated red liquid be partially

saturated with carbonate of soda, and a quantity of common salt added, the
aniline-red is precipitated in a solid state, and constitutes the /wcAsme of the chemist.
This has only to be dissolved in water, alcohol, or acetic acid to prepare the dye-
bath.

Eenard and Franc stated, at the same time, that anhydrous mercuric, ferric, and
cupric chlorides might bo used in the place of the chloride of tin.

Several other processes for obtaining aniline-red were suggested, and some of
them used. Gerber-Keller treated aniline with the nitrates of mercury. Lauth
and Depouilly used nitric acid ; and six months before the discovery by these French
dyers, two English chemists—Medlock and Nicholson—had separately patented,
within a few days of each other, as the result of their experiments, a similar
process.

Medlock and Nicholson, and Girard and Do Laire, all, in 1860, patented the use of
arsenic acid. This process, being now almost exclusively employed, must be described.
Arsenic acid is combined with a slight excess of aniline; the crystalline mass is
heated by means of a slow fire to about 120° to 140° C, care being taken not to
exceed 160° C. Tlie operation, according to the scale on which it is carried on
requires from four to nine hours for completion. A perfectly homogeneous mass fluid
above 100° C, is thus obtained, which on cooling solidifies to a hard substance,' with
metallic bronze-coloured lustre. When dissolved in boiling water it produces a
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solution of groat richness and purity of colour. If, in tho treatment of aniline with

arsenic acid, tho latter bo considerably beyond tho proportion of aniline employed,

violet and blue dyes may bo formed. Tho production of such has boon patented by
Girard and Do Lairo.

Laiiront and Casth61az have obtained aniline-red direct from benzol, -without tho

preliminary isolation of aniline. Nitrobonzol is treated with a mixture of iron and

hydrochloric acid, or with ferric chloride. On heating tho mixture, tho ferric chloride

reacts on tho aniline contained in tho mixture, transforming it into aniline-rod. It is

doubtful if tho coloxiring-mattor obtained by this process is equal in beauty to that

procured from the aniline, and tlio process is no longer employed. The name of

erythrobenzol was given by the discoverers to tho colouring-matter thus obtained, but

it probably consists principally of rosanilino.

The processes described are amongst tho best yet devised for tho preparation of

crude aniline-red. Numerous other methods have been patented, amongst others tho

following :

—

Messrs. Eenard Brothers include in their patent tho ebullition of amhne with

stannous, stannic, mercurous, and mercuric sulphates, with ferric and uranic nitrates

and nitrate of silver, and with stannic and mercuric bromides.

Messrs. John Dale and Caro patent the action of nitrate of lead upon aniline, or

hydrochlorate of aniline.

Mr. Smith claims the ebullition of aniline with perchlorido of antimony, or the

action of autimonic acid, peroxide of bismuth, stannic, ferric, mercuric, and cupric

oxides upon hydrochlorate or sulphate of aniline at the temperature of 180°.

M. Gerber-Keller (Heilmann in England) claims the production of aniline red from

all tho metallic salts of the oxacids of nitrogen, sulphur, chlorine, bromine, iodine,

phosphorus, arsenic, and, in fact, almost every compound within the range of chemistry.

It may well be said of such patents, that ' scientific men cannot speak otherwise than

in terms of reprehension. Their claims are founded on random guesswork, not on tho

results of patient investigation. They are attempts to pro-occupy the whole field,_ and

forestall all the rewards which should be left open to real inventive genius to cultivate

^^ThTs^' processes have reference to the preparation of crude aniline-red. The crude

colours conta.in some undecomposed aniline, mostly in the form of salts. They con-

tain also tarry matters, some insoluble in water and dilute acids ; others soluble in

bisulphide of carbon, naphtha, or in caustic or carbonated alkalis. If, therefore, the

crude red be boiled with an excess of alkali, the undecomposed aniHno is expeUed,

the acid which exists in tho product being fixed. On treating the residue with

acidulated boiling water, the red is dissolved, while certain tarry matters remain

insoluble If now the boiling solution be filtered, and then saturated with an alkali,

the coloui^ing-matter is precipitated in a tolerable state of purity. By re-dissolving the

TDrecipitated red in an acid, not employed in excess, a solution is obtained which

frequently crystalUses, or from which a pure red may be thrown down by a new

addition of chloride of sodium, or other alkaline salt. Tho hydrochlorate of anihne-

red is employed in dyeing in France, while the acetate is used in England.

To Dr Hofmann we are principally indebted for tho investigation into tho nature

of aniline-red. In his paper on the 'Formation of Aniline-Ked, he says, he is

' TjainfuUv aware of the imperfections of his researches upon this subject
:
as yet only

a corner of tho veil which conceals the truth is raised. The genesis and constitution

of 3ne-red still remain to be investigated, though the chemical naturo and compo-

sition of the substance itsoK aro no longer doubtful.
, , . , , . f „

ASune-reds are salts of a very remarkable compound, wluch pUys the part of a

weU defined base, and to whichV Hofmann
f- f° °/ S

compound, in its anhydrous state, is represented by the formula of 0 i± ^. ^beo

^XfoTmation of aniline-red will be best given in Dr. Hofmann's own words :-

at Md been observed by many manufacturers that some varieties of commercial
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.1. v„»o ^hc -nrAaAncA of "wliich determines the formation of tlio colouring-matter.

S'^dl rryt\^^^^^^^^
toluidine-^hicl., owing to the difficulty

TsovZS^SfrJmheizol, is always present in commercial amhne-might be

tt Tue so'urce of the colouring-mattL. Experiments made ^th
JJ tolui^^^^

Khowod however, that this base is not more capable of yielding the red than pure

SZe its'r But the red oolouring^matter is instantaneouslyproduced when a mzxture

7^Zt2.e Zpzcre toMdine treated with thef-^'^^-Z ''^-^/ij"^^^^^
arLio acid, plainly showing that tho two bases must co-operate m the formation of

^This" result, Dr. Hofmann believes, contains the clue by w;hich may be explained

not oSyS of aniUne-red, but also that of the f-to-al ammo^^^^^^^^^

It points, moreover, to the necessity of ascertaimng how far the fo^^^tion

violet and other colouring-matters, hitherto believed to be exclusively derived fiom

aniline, require the co-operation of toluidine. „„„„„„„

KeturniJg to the red derivatives of aniline obtained by the ^^^ff^^^f
^
P/^^.f^^^

above described, we may state broadly that all these products are
and PranJ

of rosaniUne salts. The red, prepared by the process of Messrs. Eonard and Pr^°.

or fuchsine, consists chiefly of hydrochlorate of rosamhne. The azaleme, or aniime-

red prepared by nitric acid, is principally nitrate of rosamhne.
, , „ , ^, . ,

In the crude red, produced by the action of arsenic acid, we should find the arseniate

of rosaniline, which, by the subsequent treatment, for the sake of purification, is con-

verted into hydrochlorate or acetate of rosaniline.
. i t

This is the place to record the fact that for some time past a coloiirless (or at least

slichtlv rose-coloured) paste, with an alkaline reaction, has been delivered into com-

merce from Mulhouse, in France ; which paste has only to be treated with acetic acid,

in wliich it dissolves with the greatest facility, in order to obtain an extremely rich

and beautiful carmine solution, capable of being at once employed for printing stufls.

Now that the characters of rosaniline are known, there cannot be the least doubt that

this colourless paste, and cortain pink powders of similar properties, consist almost

entirely of rosaniline more or less pure, and that they have been prepared by preci-

pitating a solution of a rosaniline salt by an excess of a powerful base, such as soda

°^
Em'arks on the Phenomena observed in the Applications ofAniline-Bed.—Weave novr,

moreover, enabled to explain perfectly what takes place when a stuff which has been

dyed with aniline-red is acted upon by a powerful acid or alkali. On printing with a

powerful acid, the stuff is decolorised with the formation of a yellowish stain, because

a rosaniline salt with three equivalents of acid is formed ; the triacid salts of this

substance being in fact all yellowish, and possessing but little colour. Wlipn the

material is washed with water, the excess of acid is removed, and the monacid salt

reproduced, the red colour being restored.

On printing with a powerful base, for example, with caustic soda, the red disappears

as the red rosaniline salt is decomposed, and rosaniline liberated in a colourless con-

dition. But on washing out the soda with water, the red colour reappears, the

rosaniline becoming probably carbonated.

If a powerful volatile base be employed, as ammonia, the red also disappears, on

account of the liberation of the colourless rosaniline; but in proportion as the

ammonia evaporates the red colouration returns, particularly on slightly warming—as
the rosaniline, which is a fixed base, expels the ammonia, and re-forms the primitive

salt of rosaniline with its peculiar colour. If the rosaniline-dyed fabric be left for a

considerable length of time (from twelve to twenty hours) in contact with weak

ammonia, the colour, as has been pointed out by Mr. W. Crum, scarcely returns on

rinsing with water. This is obviously due to the increased solubility of rosaniline in

water containing ammonia, which separates the colouring-matter oven from tho

mordant.

The salts of rosaniline, which are chiefly employed for dyeing silk and wool,

are tho acetate and tho hydrochlorate, and their application is pimple in the

extreme. The silk is dyed by passing it through a warm aqueous solution of the salt

:

for the dyeing of wool the solution is heated to a temperature A^arying between 50°

and 60° C.

The force and rapidity with which rosaniline is fixed by silk and wool is tho only

-difficulty to be encountered in this branch of dyeing. In fact, this magnificent colour

is precipitated and fixed with such avidity and promptitude by silk and wool, that it

is necessary to take particular precautions, and to operate with solutions that are
at first comparatively weak, and are only gradually strengthened, to prevent the
dyeing being unequal, and tho portions first immersed in tlio bath being more
.strongly coloured than those afterwards introduced. Cotton is also difficult to dye
with rosanilino salts, but for the exactly opposite reason—that it docs not present any
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I
attraction for this colouring-mattor. The fixation of the colour on cotton can there-

foro only bo offoctod by first treating tlio cotton -with Bomo animal mordant, or witli

tannic acid.

There are two modes of proceeding for this purpose :— j •
i i *

1. The fabric is printed vnth the thickened organic mordant ; for goods intended to

bo dyed throughout the mordant is uniformly spread on the whole surface of tlio stuff,

and fixed either by drying or steaming before the fabrics are introduced into the dye-

bath. The colour is only fixed on the mordanted portions, and the shades themselves

may bo varied according to the nature and composition of the mordant.

Among the substances employed as organic mordants for rosamline are :—Albu-

men, whether made from white of egg or from blood; prepared gluten, prepared casein,

gelatine, and tannin—this latter being used either in its combinations with the

metallic oxides (as antimonic, stannic, or plumbic), or as tannato of gelatine, tor

some time oily preparations were employed, as, for example, the sulphomargaric and

Bulpholeic acids. ... i j- i i
•

2 The mordant is thickened, and at the same time some anilme-red is dissolved in

it ; the stuff is printed therewith, ckied, and steamed ; the whole is then fixed on the

fabric, which then has only to be washed and dried.
_

This method is principally employed when using albumen, in which acetate ot ros-

aniline is dissolved. Latterly tannin has been employed in preference for faxing

aniline-rod, particularly in dyeing ordinary articles ; for the mordanting of wtucH

albumen, although giving the most satisfactory results, is too costly an article.

It is to Mr. Perkin that we are indebted for the first application of tanmnfor fixing

aniline colours upon cotton. o„„f„/i

MM Kuhlmann and Lightfoot have called attention to the advantages presented

by the use of tannate of gelatine ; and Mr. Walter Crum has minutely indicated the

treatment by which gluten, the cheapest substitute for albumen, may be rendered

available in printing and dyeing with aniline colours.
„ nr.,,,,^ A^ni

Aia-II.INE-VIOI.ET. To this colour in its varieties the names of Mauve, Am-

leine, Indisine, Phenameine, Violine, Bosolane, Tyrolme Szc. have been g«^e°. ilr

Perkin's patent dates from 26th August, 1856, and this was the original of all

the numerous colorific compounds commercially produced. Aniline-violet ^as farst

obtaLd in the crystalline condition in 1860 by M. Scheurer-Kes ner who u^^

hydrated acetic acid as a solvent. Dr. Hofmann informs us that
f

^2 Kestner

obtained 'splendid well-developed prisms of perfectly pure aniline-violet, which that

SeS produced by operating on a very large scale.' The chemical composition of

this clS has not yet been definitely established, but the aniline-purple Prepared by

PeluT^vZsBi. the sulphate of a base called Mauveine having the <^om^^^^on

The process of manufact^u-e is as follows :-A cold and dilute solutaon of

fitilBhate'or any other salt of commercial aniline is mixed with a solution, also cold

one to two per
^^^l^f ^^'^'^''l'^}:,.^^^^^^ as much as possible, and

colouring-matter. The filtered d^^^^^
pVecipitate is

while boiUng are precipitated ^yJJ^^™ faciUtates the

obtained in the form of a paste.
fn-the nroduction of aniline-violet:—

Williams. „ „„i„f;r,n of forricvanide of potassium.—Sm^A.

—Kay>
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6. Oxidation of a salt of aniUno by tho peroxide of lead under the influence of an

^"g^'
oSation of e salt of aniline by free chlorine or free hypochlorous adA.-Smith.

?: Oxidation of a salt of aniline by the double chlonde of copper and sodium.-

ThrllvTrocesses which are employed industrially are those in ^hich bichromate

of potosh. cMoride of Hme, and chloride of copper are used. The dyeing of silk or

wool by means of aniUne-violet is a process of the easiest description.
_

Dveina SUk.-An alcohoHc solution of the violet purple is diluted with eight times

its volume of hot water previously acidulated with tartanc acid. This liqxiid
_
is

Sm-ed into the dyeing-bath of cold water sHghtly acidulated. Through this the silk

FsTassed until the refuired shade is attained. The tint is rendered bhush by means

of indigo-carmine. Sulphuric acid added to the dye-bath causes the violet to assume

a greyish shade. This may be increased until a very beautiful grey {gns perle) is

obtained. This colour is much used by the silk-dyers of Lyons.

Bveina Wool —This is conducted at a temperature of 50° or 60° C, the dye-bath

consisting simply of a dilute aqueous solution of colouring-matter, without any acid

Printim upon Silk and Wool.—TliB paste of aniline-violet is dissolved m about five

times its weight of acetic acid (specific gravity, 1-060). and mixed with enough gum-

water to form a printing material. The fabrics when printed are submitted to the

action of steam, and then washed.
^ . ^- .

Dyeing CoWow—Since cotton does not, like silk or wool, present much attraction tor

the aniline colours, the dyer employs albumen, soluble gluten, or tannin. In sonie

cases the oxides of tin, of aluminium, of lead, or of antimony are used. Sulphunc

acid has also the property of fixing the aniline-violet on cotton. The aninial or tannin

mordants are printed on the cotton, which is steamed so as to fix it, audit is then dyed

in an acidulated solution of the colour.

Violet Imperial.—This violet, which is essentially different from tho mauve, is

formed by modifications of the aniline reds and blues. It is produced thus -.—Equal

quantities of aniline and dry hydrochlorato of rosaniline are heated to a temperature

of 180° C. for about four hours. MM. Girard and De Laire first patented this colour,

and on account of its great beauty it is much used, although not quite so permanent as

the mauve. Mr. E. 0. Nicholson forms another violet by heating aniline-red in a

suitable apparatus to a temperature between 200° and 215° C. This mass is exhausted

with acetic acid, and the deep-violet solution diluted -svdth enough alcohol to give to the

dye a convenient strength.

Aniline-violet resists the action of light to a very considerable extent, although

Chevreul has shown that it is inferior in this respect to either madder, coChineal, or

indigo.

AXrZKIXO'E-'S'EUaO'W. In the preparation of aniline-red there arises a great

number of secondary products. Amongst others, a yellow colouring-matter has been

separated by Mr. Nicholson and examined by Dr. Hofmann. The name of Chrysaniline

has been given to this very beautiful yellow colour, which has been proved to be a

well-defined base. The preparation of chrysaniline is simple. The residue from which
the rosaniline has been extracted is submitted for some time to a current of steam,

when a quantity of tho base passes into solution. Addition of nitric acid to this solu-

tion precipitates the chrysaniline in the form of a diflBiCultly soluble nitrate.

Hofmann has shown that chrysaniline is intimately related to rosaniUne and
leucaniline, only differing from the first by two equivalents, and from the second by
four equivalents of hydrogen :

—

ChrysaniHne C'"'H»'N».

Eosaniline C2«Hl»N^
Leucaniline C^oH^N'.

Chrysaniline forms two series of salts, tho greater number of which are well crys-

tallised. The most remarkable salt of chrysaniline is tho nitrate, which is so insoluble
in water that nitric acid may be precipitated, even from a dilute aqueous solution, by
xnoans of the more soluble hydrochlorate or acetate of chrysaniline. These, when
poured into a nitric solution, rapidly give rise to the formation of an orange-red
chrysaniline precipitate of nitrate of chrysaniline. This chrysaniline and its salts dyo
silks and wools a splendid golden-yellow colour. Such is the general character of the
aniline colours. They have been used as printing-inks, which are very permanent.
See ' "Watts's Dictionary of Chemistry.'

E. Waller, E.M.,in the 'American Chemist,' gives the following list of the names of
the various coal-tar colours, both commercial and chemical, together with their
chomical formulae, when those could be found. (It should be observed that tho old
notation has been employed throughout). 'Many of the compounds here men-
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tionod aro not now in uso as dyos, either bocauBo they are too expensive, or becauBo

thoir uso is inconvenient, requiring too complicated a treatment or rare cliomicals to

iix them upon the goods, or because they have boon suporsodod by dyos of better

quality. Several colours, black especially, are usually produced on the fibre of the

goods by printing them with various salts of aniline and rosanilino, and then with

salts of copper, chlorates, &c. Most of the dyes called aniline-blacks give, when

dissolved, deep green solutions. Of those to which the formulae are not given, the

chemical formulce are not as yet known, or they have not been given by those works to

which I have resorted on the subject. The derivatives of aniline and toluidine are

given together, as the two aro with dif&culty separated from each other, and in course

of manufacture the separation is never attemptoa.*

COLOUIIS DEEIVBD FROM AnILINB OH PUBNYLiMINB (C'^H'N) AND TOLTJIDINB OB

TOLUYLAMINE (C»H''N).

Beds.

Hydrochlorato of rosaniline

—

C^H'^N^ HCl.

Called also aniline red, new
_
red, ma-

genta, solferino, fuchsine, andleine roug^,

roseine, and azaline.

Acetate of rosaniline

—

C"H'»N», HO, C*WO\
Known also by tho same names as the

above.

Nitrate of rosaniline

—

(;;402»»N3, H:0,NO^

Known by the same names as the hydro-

chlorate; also as rubino and rubine im-

perial.

Dicodhydrate oftrimethylchrysanihne—

C"H'<(C«H')=N',2(H0I).

Called also chrysaniUne red.

Nitrosophenyline, CsH'N^O.

Chemical formula unknown

—

Xylidine, tar red, soluble ruby.

Bliies and Violets,

These shade into one another so gradu-

ally that they cannot well be separated.

Hvdrochlorate of monophenylrosaniline,

C"H"*(C'2H') N^HCL
Called also rosaniline violet, red_ mono-

phenylrosaniline, and Hofmann's violet.

Hvdrochlorate of diphenylrosaniline—

C<''H'»(0'*H'yN^HCl.

Also known as rosaniline violet and Hof-

mann's violet.

Triphenylrosaniline, or triphenyl ros-

aniline, C«H"=(0'^ff )»,N'.

Called also aniline blue, rosaniline blue,

Hofmann's blue ; bleu de Paris, bleu de

Lyons, bleu de Mulhouse, bleu de Mex-

ique, bleu de nuit, bleu lumi^ro, bleume,

azurine, and night blue.

• Hvdrochlorate of triphenylrosanibne—

C<''H"'(C'-H*)'NSHC1.

Known also by tho same napies as tho

above.

Acetate of triphenylrosaniline—

C«H>6(C'^H0'N»,HO,C^H='O'.

Known also by the same names as tho

•above.

Bisulphotriphonylrosaniline acid—

C«'H'°(C'^ff)'N^4S0^

Called also Nicholson's blue and soluble

blue.

Hydrochlorato of monethylrosaniline

—

C«>H'«(C'='H»)N',HC1.

Called also Hofmann's red violet.

Hydriodate of ethylrosaniline

—

C"H'»(C*H')N',HL
Called also Hofmann's red violet.

Ethyliodate of ethylrosaniline

—

C<''H"(C«H')N»C*H'L

Called also fuchsine with a blue tint,

and Hofmann's violet red.

Hydrochlorato of diethylrosaniline

—

C'»H"(C^ffyN',HCl.

Called also Hofmann's blue.

Ethyliodate of diethylrosaniline

—

C^''H"(C*H*)2N«,C*H»I.

Called also Hofmann's red violet and

ethylic rosaniline violet,

Hydrochlorato of triethylrosaniline

—

C<°H'«(C«H'')«N',HCL

CaUed also Hofmann's blue,

Ethyliodate of triethyb-osanilme

—

C"H'»(C*H')'N^C*ffI.

Called also Hofmann's blue and ethylic

rosaniline violet.

Ethylbromate of triethylrosaniline

—

C"H"(C*ff)'N»,C<H»Br.

Called also brimula.

Hydrochlorato of methylrosaniline

—

C"H>»(C2H»)N3,HC1.
Hydriodate of methylrosaniline

—

C"H"(C2H')N',HI.
Hydrochlorato of dimethylrosaniline

—

C"H"(C'H5fN^HC1.
Hydrochlorato of trimethylrosaniline

—

C^»H'«(C*H^yN^HCL
Methylaniline, C«H«(C2H')N.

Called also methylic rosanilino violet and

violet de Paris.

MauvaniUne, C"H»'N».

Voilanile, C^'oH'^N*.

Mauveine, C^^H«*N«.

Called also mauve, aniline purple, Per-

kin's violet, indisine, analeino harmalino,

violino, and mauvo rosolane.

Hvdrochlorate of mauveine

—

^ C'*H•-'N^HC1.

Known also by the same names as mau-

veine.

Hvdrochlorate of ethylmauveine—

C'«H''(0*H»)N«,HC1.

Called also dahlia.

Ditolylrosaniiinc^ C*'B}\C^mjW.
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ridlled also toluidino blue.

Solylrosanilino, C-H>"(C«'H'yN'.

Chemical formula unknown—

Kefiina blue, opal blue, regina purple,

bleu de FayoUe, violet de Mulhoiise,

Britannia violet, goranosine, violet im-

perial.

Greens.

C"H"'(C*H«)N',2H0.

Kno-ivn as Aldehyde green, aniline green,

viridine, and emeraldine.
C"H"(C'H')W,2H0.

Known as iodine green and iodide of

methyl green.

Chemical formulce unknown

—

Iodide of ethyl green, Perkin's green.

Called also Phosphino, aniline yellow,

and yellow fuchsine,

Nitrophenyldiamine, C^'H^OSHCl.

Chrysotoluidine, C«ff°N'.

Zinaline, C"H'WO,»(?).
Chemical formulse unknown

—

Dinitroaniline, Field's orange (?).

Browns.

Chemical formulse unknown,

Havanna brown, Bismarck brown, ani-

line brown, aniline maroon, Napoleon

brown.

Greys.

Chemical formulse unknown-
Aniline grey, argentine.

Black.

Chemical formulse unknown

—

Aniline black.

Yellows,

Chrysaniline, C"H"N^

COLOTTBS DERIVED FBOM NAPHTHALINE OB NaPHTHYIHYDRATE—(C^'H"),

Called also binitronaphthal, naphthala-

goldenBeds.

Chloroxynaphthylic acid, C^oH^ClO",
_

Called also pseudoalizarine,
_

naphthylic

red, and chloronaphthaline acid.

Chemical formulse unknown

—

Eoseonaphthaline, carminaphtha.

mine yellow, naphthylic yellow,

yellow, and Manchester yellow.

Binitronaphthylic acid

—

C=°ff(N0<)20,H0.

Known also by the same names as the

above,

Trinitronaphthylic acid

—

C'»H<(NO<)^0,HO,Yellows.

BinitronaphthaUne, C=°H''(NO*)«.

Colours derived from Carbolic Acid and Phbnic Acid, Phenylhtdeate

OB Phenol—(C'^H-'O'^).

Called also trinitrophenic acid and cat'

bazotic acid.Beds.

Picramic acid, C'2HXNO^)2N02.
Called also picramine acid.

.Coralline, C^'H'O*.

Called also peonine.

Coralline amide, C=_°H°NO''.

Called also red coralline.

Blue.

Isopurpurlc acid, C'2H'(NO')2NO',2Cl,

Called also bicyanide of picramyl and
Grenat.

Aui'ine, C^'WO'.
_

Called also rosolic acid.

Browns.

Picrate of ammonia

—

NH*0,C'^H'(N070.
Isopurpurate of potash.

Chemical formulse unknown.
Phenyl brown, or rotheine, or ph^ni-

cienne.

Azuline (blue), C^^H'^NG*, and another

viridine (formula unknown), are both an
aniline and a carbolic acid colour, being

produced by the action of carbolic acid on

a derivative of aniline,

Cyanine (blue), COH^'N^I, is described

in some works among the coal-tar colours,

but is derived from chinchonino.

Green.

Chemical formulse unknown

—

Chloropicrine.

Yellows,

Picric acid, C'2ff(N0*)'0,H0.

Among the blues and violets, the names Hofmann's blue or Hofmann's violet are

seen frequently to occur. These are distinguished in commerce by suffixing the letters

B or R the number of times that either is repeated, showing the relative blueness or
redness of the dye. They range from BBBB to EERE. The reddish shades are
those in which the least substitution has taken place, as in the monethyl- or mono-
phenyl-rosaniline, &c., while the bluest of these are those which are triethyl- triphenyl-

rosanilines, &c. The series of names given for triphenylrosaniline and the hydro-
chlorate of the same base are frequently interchanged. On the ethyliodates and
ethylbromates. authorities appear to differ as to whether they really are ethyliodates,
&c., or not. The colours are prepared by the action of iodide of ethyl, &c. upon
xoeaniline or some of its salts, and iodine is given off in the operation ; but whether one
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equivalent of tho iodido of otliyl remains beliind or not in a state of cliomical com-

bination, does not appear to bo fully established. Wore the latter supposition the

case, the C*H»I of those formula; would be replaced by 2H0, and the chemical

name would nocossarily bo changed to correspond. Tho same question might bo

raised regarding somo of tho Hofmann violets with their equivalent of HCl or HQ, G*

W0\ but as one of those acids is used in tho solution when purifying tho colour, the

probabilities are that tho base unites with it, and tho colour goes to market as a salt

and not as an isolated base. Tho terms, direct blues and purified blues, are simplv

commorcial terms indicating tho amount of purification which the dyes have received,

tho first-named being tho most impure. Among tho greens the termfl anibne-green

and omeraldine are synonymous terms applied to a colour formed in the fibre of the

goods. Viridino is a name applied to a true green, but the term has also boon used for

a mixture of indigo and picric acid, which cannot properly bo called an aniline coloiur.

ANZnXJll.Ii BIiACK. Kofuso animal matters are placed in a retort, and sub-

mitted to destructive distillation. The gases, evolved on decomposition, are usually

burnt, while water, oily matter, and ammoniacal compounds distil over, and are

condensed. There remains in the retort a carbonaceous mass, which, when leyigatod

and ground in a mill, forms ' animal black.' It is in a more finoly-dividod stat« than

bone-black, and is used in the preparation of blacking and of pnnting-ink.

AITIMAIi CHARCOAli. See Bone-Black.

AlfflME. A resin of a pale brown yellow colour, transparent and brittle. It

exudes from a large American tree, called by mo, jetaiha and by the Indians cour-

baril. It appears to be a species of Hy7>mi<Ba. It occurs m pieces ofT™
and it often contains so many insects belonging to Imng species, as to li^ve^™
its name as being animated. It contains about a fifth of 1 per cent, of a volatile oil,

whicrjVes it an agreeable odour. Alcohol does not dissolve the genuine ammj, as

I have Iscertained by careful experiments, nor does caoutchoucine ;
but a mixture

of thrtwo, in oqull parts, softens it into a tremulous jelly, though it wiU not produce

fWd solitioJ. When reduced to this state, the insects can be easily picked out,

?dtC iniurv to their most deUcate parts. On tho contrary, Dr. E. D. Thomson says,

^imTLsTn iTSstinguishedfrom copal by its ready solubility in alcohol
;
and that

when SstJd cofd alcohol a portL remains undissolved,
J^I^J^y.^^^"^-^^^

lint nlpohol from which it crystallises on coobng. Sir K. Jtane gives o u. u

Thfl ^necific aravitv of the different specimens of anim6 vanes from 1 054 to 1 057.
ihe specmc gravity m

retort over a spirit-flame, it softens, and, by careful

When exposed to heat
Soul tfnto Hruid fusion without discolouration. Il then ex-

0^^^^^^^^^^ -^ch being condensed in water, and the

'^Snti^Sy'ieX^!^ -l^o fuse it at a pretty high heat and

•Jli\B stlte combine it Vith their oils or other varnishes. It is also employed, on

..S.f of its agreeable smell when burning, in the mnnufacture of pastilles,

account o^i*^^
^.f

' ^^igtaken for amber, but the fossil resin can generaUy be

dist^Xd\y tTglXStsi The guUnim^ of Zanzibar is a semi-fossil

distinguisuea uy b
.

f ^ies of Ttachylohiim.
.

resm, behoved to be the FO^^^^ce oi

^ p
^ Pimpindla mmum,

ANISEBB. (^'^^
F^^

^^Bedinthe preparation of the oil

large y ^^^Itivated m Mal^^^^^^^
am^se-water (a?«a ani^i).

of anise {oUum mtsi\\hB
gg^^ts were imported. Tho ohum badiani, or

It is also used i^.<^°y'^,^l«-

^^J^^'f ' f and taste of the oil of anise;

the oil of star ^^^^^^^^^^^^f^^f It is sometimes fraudulently substituted for

but it preserves its liuiclity at oo o £.

oleum anisi.—Pereira.
A^ictArrlnm which contains 32 gallons English.

ANKER. A liquid measure
"oUand^ and sailors and

During tho war, when—^m one "trf£ the o\he^^ anker was as com-

SiXTd^r^^^
Theanker of brandy

was frequently smuggled into this ^untry Mmm, Ger.) A process

AimBAI-lNGor NSAMNG. 0^^^ ^^^^ ^^^^^ ^^-^^

by which glass ^«

f°f^Iub n ^^^^^^ hammering, are again rendered

either in consequence oi ^
^ool immediately after being made, it

malleable. When a glass
J^^^'l^l^^^^^^^ of quartz, is dropped gently into

wilUf a small «Pl?f,ter of Jint o^^^^^^ .onetimes after a few

it, fly to pieces with
S^'^'l'^P.^^^^^^ or placing the vessels
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The peculiar brittleness of unannealed glass as by many
'^f^^f^i"

the following conditions. The exterior surface 'of the glass coo^^^^gj^i^^;^
Sren?

layers of glass beneath, the two portions of g ass ^J^^fVVOs'd t^ he m da&rent

degrees of tension ; as they technically express it, a stretched skxn, of glass
^^^^^^^^

and as the arrangement of the particles is <iifff ^^^^f f?Xe^
in those parts wl^ch have cooled more slowly, there is a constant ^ency to ftacture,

the slightest scratch upon this ' skin ' disturbing the entire
^^^'^f^''^f^';^^^'l^\^^

If any mass of glass or of metal cools rapidly, there will be, according to the

thickness of the mass, a greater or less difference between the
^^^^^f^^^^^^ ^/.^Jj

constituent particles on the outer and inner sections. The process of annealing

secures an equal arrangement throughout the mass.
i,„^^o-p +Tipv

When metals have been extended to a certain degree under the hammer they

become brittle, and incapable of being further extended without cracking. .-Ln tms

case the workman restores their malleability, sometimes by annealing, or, m other

cases, by heating them red-hot and allowing them to cool slowly. The ftionale ot

this process seems to be, that the hammering and extension of the metal destroys

the End of arrangement which the particles of the metal had previous to the ham-

mering; and that the anneaHng, by softening the metal, enables it to recover its

original structure.
. . n ri

Of late years a mode has been discovered of rendering cast-iron malleable, witJiout

subiecting it to the action of puddling. The process is somewhat similar to tnat

employed in annealing glass. The metal is kept imbedded in ground charcoal, or in

powdered heematite, for several hours at a high temperature, and then aUowed to cooi

slowly. In this manner vessels are made of cast-iron which can sustain considerable

violence without being broken. See Iron, Malleable.

ANVrOTTO or AITATTO. See Aenatto.

AXtORTHXTE. A lime felspar. See Felspar. .in
AlTTEXiOPB HOXtlV is used occasionally for ornamental knife-handles. See

AXfTHRACElTE. C^'H" (C'^H'"). A hydrocarbon, known also as paranaphtlia-

line, discovered by J. Dumas in 1831. It has become of considerable commercial

importance since Messrs. Graebe and Liebermann discovered, in 1869, that anthracene

could be converted into a valuable'colouring-matter identical with the natural alizarine

of the madder-i?ooti

Anthracene is pJodliced in tlie dry distillation of coal, bituminous shale, or wood ;

and is found in the heavy semi-fluid portion of the tar which comes over towards the

close of the distillation. The substance known as 'green grease,' obtained by dis-

tilling coal-tar, and used as a common lubricating agent for machinery, contains about

20 per cent, of anthracene associated with naphthaline and other hydrocarbons. From
this product, crude anthracene may be obtained by the use of the hydro-extractor,

and by submitting the raw product to strong pressure. The crude
_
anthracene is

purified by solution in hot coal-tar naphtha and repeated recrystallisation. A yellow

tint, due to the presence of chrysogen, may be expelled by exposure to_ sunlight, and

the anthracene is finally purified from any other hydrocarbons by boiling with alco-

holic picric acid.

Thus obtained, the pure anthracene appears in small, well-defined, lustrous crystalline

laminae of a clear white colour, and exhibiting, when pure, a beautiful violet fluo-

rescence. The specific gravity of anthracene is 1-14:9. It melts at about 415° F.,

and sublimes at higher temperatures. Anthracene is insoluble in water, but readily

soluble in boiling alcohol, in ether, benzole, volatile oils, and bisulphide of carbon.

By prolonged exposure to light it passes into an isomeric modification known as

"paranthracene. Under the influence of oxidising agents it is converted into anthra-

quimne, from which artificial alizarine may be prepared. See Alizarine.

ANTHRACEM'E-RED. A name for artificial alizarine. See Alizarine.

AM'TKRACZTE. (Sv0pa|, coal.) A variety of coal containing a larger propor-

tion of carbon and loss bituminous matter than common coal.

—

Be la Beche.

'Wo see the same series of coal-beds becoming so altered in their horizontal
range, that a set of bods bituminous in one locality is observed gradually to change
into anthracitic in another. Taking the coal-measures of South Wales and Monmouth-
shire, wo have a series of accumulations in which the coal-bods become not only more
anthracitic towards the west, but also exhibit this change in a plana which may
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bo considorod as dipping SSE. at a modorato angle, the amount ofwhich le not yet

clearly ascertained, so that in the natural sections afifordod wo have hituminouK coals

in the high grounds and anthracitic coals beneath. This fact is readily observed

either in the Neath or Swansea valleys, where wo have bituminous coals on the south

and anthracite on the north ; and more bituminous coal-beds on the lieights than

bonoath, some distance up those valleys—those of the Nodd and Tawo. Ihougb tna

torms bituminous coal and anthracite have boon applied to marked dittcren^s, tno

changes are so gradual that there ife no sudden modification to bo seen. To some

of the intormediato kinds the term ' froo-burning ' has boon given, and thus three chief

d\fiovQncos haxo hoon rocogn\3ed:—M(ivmrs of the Geological Survey.

The term Culm is applied both to an inferior kind of antliracite only worked for

making lime, or for mixing with clay, and to the small pieces of f J^^hra^;;* o^^

tained in working the true anthracite beds. It is also called Bhnd Cod, Glance Coal, ,

and Kilkenny Coal.
, . . ,. ^ „

Tho term Culm is applied generally to anthracite an our parliamentoy returns.

There are three very distinct ' trades ' in anthracite. There is, first,_ that where

the coal is sold exactly as it is worked, ' through and through .^b it ^« temed ^r

Through Culm, which is used entirely for lime-burmng. This coal is

°f f ^
kind as that from which the large coal is p eked out and ^s/OF^.^t^f^^^ 1° SwaSel
Stone Coal. The trade in the Neath district is entirely of this kind In Swansea

and Llanelly it is partly of this kind and partly of the kind where the largo «.al

picked out, and sold as Stone Coal for the various purposes to which that ^al is

applied, leaving the small to be shipped, also for lime-burmng .PTO^f;J^f/^
nSme of Stone Coal Culm. In Pembrokeshire no ' through culm is shipped There

LTne curious lot of 4,000 tons annually shipped in Swansea under the mme of Lamb-S is aWdust ; it is sent 4 one --ket-Cardigansh^^^^^^^^^^ us d

entirelvfor mixing with clay ; the mixture, under the name oi Fireballs, bomg usea

forToieTold purp^oses. ThL'mixU™, made of the or^nary Stone Coal Culm, is also

verv commonly used in parts of Pembrokeshire and Caormarthenshire

AntEte coal is obtained in the western divisions of the South Wales coal-field,

at sSorTin Devonshire, at Walsall in Staffordshire, in
^^f-^' ^^^^

in Switzerland, Savoy and Italy, Commencing at the top of the Neath va ley, and

follo^ng the north crop of the South Wales coal-field _
downwards to K^^welly, iro^^

lastTwest there are^48 anthracite coUieries-and I'^-S^SoTh D Roger's
thPse colUeries It is found abundantly in America. Professor v. Roger s

Bonth-west, where it as disturbed. ;^nthracitic coal is a^^
Mayenne, and of

differences :—

Locality

Birtley Works, New-
castle-on-Tyne

Alfreton, Derbyshire

Neath Abbey
Swansea .

Ystalyfora

Cwm Neath
Prance

Pennsylvania

Massachusetts
Bhodo Island

Westphalia

Name of Coal

BittlMINOtIS

• •

Anthracite

Pwlferon Vein, 6th bed

Peacock Coal

Brass Vein
Nine-feet Vein

Anthracite, common
Cote-d'Or .

Mais Saize .

Beaver Meadow
Shenoweth Vein

Black Spring Gap
Noaley's Tunnel

Mansfield Mine
Portsmouth Mine

Schafberg, Alexander Seam

Carbon

60'50

62-46

91-08
89-00

92-46
93-12
79- 15

82-60
83-80

92-30

94- 10

80-57
89-20

97-00

85-84

82-02

"Volatile

Matter
Asbes

35-50 4-00

42-50 2-04

8-00 0-92

7-50 3-50

6-04 1-50

6-22 1-50

7-37 13-25

8-60 8-80

7-50 9-50

6-42 1-28

1-40 4-50

7-15 3-28

6-40 5-40

3-00

10-50 3-66

8-69 9-29
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Antliracito is not an original variety of coal, but a modification of the same beds

M-hich remain bituminoua in other parts of the region. Anthracite beds, therefore,

are not separate deposits in another sea, nor coal-measures m another area, nor inter-

polations among bftuminous coals ; but the bituminous beds themselves, altered into

a natural coke, from wliich the volatile bituminous oils and gases have been driven

off.—.7. P. Leslc)/, on Coal.
. t n ^

A-nthracite—now exclusively used for iron-making, steam-engines, and tor domestic

purposes in the United States—was some 60 years since regarded as incombustible

refuse, and thrown away.

Trincrpal Localities of Anthracite and Anthracitic Coal, ^o.

Specific

Gravity.

1-263

1-337

1-354

1-445

1-445

1-380

1-390

1-430

1-307

1-305

1-466

1-300

Weight of a
Cubic Yard in Iba,

. 2131

. 2256

. 2284

. 2278

. 2376

. 2207

. 2283

. 2413
. 2105
. 2278
. 2474
. 2193
. 2281

EUBOPE.
South Wales :—Swansea .

Cyfarthfa

Yniscedwin
Average

Ireland, mean .

France, Allier .

Tantal

Brassac

Belgium :—Mons
Westphalia
Prussian Saxony
Saxony

Average of Europe
AMEEIOA.

Pennsylvania:—Lykens Valley • . .. 1-327 t . . 2240

Lebanon co., grey vein . . 1-379 . . • 2327

Schuylkill CO., Lorberry Creek . 1-472 . i . 2484

Pottsville, Sharp Mountain . 1-412 . . . 2382

Peach . . . 1-446 . . . 2440

Salem Vein . . 1-674 . . . 2649

Tamaqua, north vein . » 1-600 . . . 2700

Manch Chunk . . . 1-550 . . .2615
Nesquehoning.... 1-558 . . . 2646

Wilkesbarre, best . . . 1-472 . . . 2884

WestMahoney . . . 1-371 . . . 2313

Beaver Meadow . . . 1-600 . . . 2700

Girardville .... 1-600 . . . 2700

Hazelton 1-550 . . . 2616

Broad Mountain . . . 1-700 . . . 2869

Lackawanna .... 1-609 . . . 2715
Massachusetts:—Mansfield .... 1*710 . . . 2882
Khode Island :—Portsmouth . . . . 1-810 . . . 3054

Average in United States 2601

The calorific value of anthracite coal is well shown by the following results from
Dr. Fyfe's experiments to compare Scotch and English bituminous coals with anthracite,

in regard to their evaporative power, in a high-pressure boiler of a 4-horso engine

having a grate with 8-15 square feet of surface ; also in a waggon-shaped copper

boiler, open to the air, surface 18 feet, grate 1-55.

9
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Middlerig Scotcli 81-33 9 45° 6-6C 7-74 10-00 44-27
coal.

Scotch coal, dif- 108 5 170 6-C2 C-89 13-25 33-33
ferent variety
from preceding

AXTIIUACITE 47-94 8i 45 8'78 10-10 5-88 76-09
Scotch coal, from 8-24 8i 60 5-38 6-90 6-31 43G-89 3-i5
nearEdinburgh

English bituml- 6-07 8-4 CO 7-84 9-07 8-91 603-08 8-06
nouB coal.

Vol. I. 0

Remarks

Pressure 17 lbs,

per sq. inch.
Ditto.

Ditto.
Low pressure,
open copper
boiler.

Ditto.



ANTHRACITE

Spaco will not admit of oui- ontoring fully into tlio question of tho evaporative power
of anthracite

; but its advantages under certain conditions are fully established.
In this country anthracite coal is used in the niauufacturo of iron in the following

furnaces :

—

Ystalyfora in Glamorganshire . . , 11 furnaces in blast in 1871
Yniscodwyn in Brecknockshire ... 2 „ „

The quantity of anthi-acito-iron made in 1871 being 34:,701 tons.

The following tiiblo shows the progress of production in America of anthracite from
1862 to 1871 inclusive, from Schuylkill, Lehigh, and Wyoming:

—

Years Tons Years Tons

1862 7,387,422 1867 11,725,588
1863 9,187,588 1868 12,912,751
1864 9,657,723 1869 12,746,938
1865 8,814,995 1870 14,266,190

1866 10,498,970 1871 13,855,307

Mr. P. W. Shoafor, in an address recently delivered to the students of the Pardee
Scientific Department in Lafayette College, says :

—

' In our estimates of the areas of the anthracite coal-fields of Pennsylvania, we place

that of the

Southern coal-field at 146 square miles

Of tbo Shamokin district...... 50 „
Of the Malianog district . . . . . .41 „
Of the Upper Lehigh field 35 „
Of the Wyoming and Lackawanna field . , .198 „

Total. 470 square miles,

or 300,800 acres.

• Ayeraging the total coal thickness of the southern coal-field at 75 feet, and that of

the middle and northern fields at 45 feet, we have a total content (one cubic yard

equalling one ton) of say 26,361,076,000 tons

Deduct one-half for waste in mining, preparing,

and faults ........ 13,180,538,000 tons

and we have a net result of 13,180,538,000 tons

'The amount mined from 1820 to 1870, the first fifty years of the anthracite coal

trade, was 206,666,325 tons ; so that we have yet in store 12,973,878,675 tons,

progress of our coal-trade is thus shown

In 1820 the production was

The

from 1820 to 1830

„ 1830 to 1840

„ 1840 to 1850

„ 1850 to 1860

„ 1860 to 1870

365 tons

533,194 „
5,406,711 „
15,952,893 „
42,088,644 „
50,337,354 „

'The production of anthracite coal in Pennsylvania in the year 1872 was unpre-

codently large, as will bo seen by the following Table, illustrating the progress of

the extraction year by year during the last thirty years :

Year Tons

1843 1,263,598

1814 1,630,850

1845 2,013,013

1846 2,344,005

1847 2,882,309

1848 3,089,238

1849 3,242,966

1850 3,358,899

1851 4,448,916

1852 4,993,471

1853 5,195,151

1854 6,002,334

1855 6,608,567

185G . 6,927,580

1857 6,644,941

Year

1858
1859
1860
1861

1862
1863
1864
1865
1866
1867
1868
1869
1870
1871

1872

Tons

6,839,369

7,808,255

8,613,123

7,954,264

7,869,407

9,566,006

10,177,475

9,652,391

12,703,882

12,988,725

13,834,132

13,723,030

15,849,899

15,113,407

18,400,000
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AlffTHHAPUaPUmia". A colouring-matter recently obtained by Mr. W. H,

Porkin from commercial artificial alizarine. The crude alizarine is cHssolved in

dilute solution of carbonate of soda, and the product well agitated mth freshly-

procipiuited ahimiua, which combines with the alizarine, leaving the anthrapurpurin

in solution. Tliis solution, having been filtered and heated to the boiling point, is

acidified with hydrochloric acid, whereby the colounng-matter is precipitated
;
this

may be puridod by repeated boiling in alcohol.

As a dyeino- agent anthrapurpurin greatly resembles alizarine, giving red colours

with alumina, and purple and black with iron mordants. The shades of colour, however,

are different with the two materials ; the anthrapurpurin reds being much purer

and loss blue, whilst the purples arc bluer and the blacks more intense than those

with alizarine. (See ' Journ. Chem. Soc' May, 1873.)
_

ANTI-AXTaiTION, or, ANTI-PRICTIOlff COMPOSITION-. Various

preparations have been, from time to time, introduced for the purpose of removing, as

much as possible, the friction of machinery. Black lead, or plumbago, mixed with a

tenacious grease, has been much employed. Peroxide of iron, finely divided hsematite,

&c., have also been used.
i

• •

ANTICHIiORS!. A term employed by bleachers to the means of obviating the

poruicious after-effects of chlorine upon the pulp of paper, or stuffs, which have been

bleached therewith. Manufacturers have been in the habit of using sulphite of soda,

whose action upon the adhering bleaching salt, which cannot be removed by washing,

gives rise to the formation of sulphate and hydrosulphate of soda and chloride of

sodium. Chloride of tin has been recommended by some chemists for this purpose.
_

Hyposulphite of soda is now extensively used as an antichlore, as also are certain

salts of lime, as sulphide of calcium.

AWTI-rRICTlOW M&TAIi. Tin and pe-svter are often employed as anti-

friction metals for the bearings of locomotive engines. One-half of each tin and copper

is now used at some of the large railway works,

Babbet's metal is prepared by taking about fifty parts of tin, five of antimony, and

one of copper.

Tin, or pewter, used alone, owing to its softness, spreads out and escapes under the

superincumbent weight of the locomotive, or other heavy machinery. It is usual,

therefore, to add antimony, for the purpose of giving these metals hardness.

Fenton's anti-friction metal, which is much employed, is a mixture of tin, copper,

and spelter. Its advantages are stated to be cheapness in first cost, low specific

gravity, being 20 per cent, lighter than gun-metal ; and being of a more unctuous or

soapy character than gun-metal, less grease or oil is required.

The softer metal is often supported by brasses cast of the required form, the tin

alloy being cast upon them. The brasses, or bearings, being properly tinned, and
an exact model of the axle having been turned, the parts are heated, put together in

their relative positions, luted with plastic clay, and the fluid anti-friction metal poured

in, which then becomes of the required form, and effectually solders the brass.

The following compositions are recommended to railway engineers as having been

employed for several years in Belgium. In those cases where the objects are much
exposed to friction, 20 parts of copper, 4 of tin, 0*5 of antimony, and 0"25 of lead.

For objects which are intended to resist violent shocks, 20 parts of copper, 6 of zinc,

and 1 of tin. For those which are exposed to heat, 17 parts of copper, 1 of zinc, 0'5

of tin, and 0-25 of lead. The copper is added to the fused mass containing the other

metals. See Alloy and Kingston's Metal ; ANTraioNY.
ADrTI-GVCGIiXSR. A small syphon of metal, which is inserted into the mouths

of casks, or large bottles called carboys, to admit air over the liquor contained in

them, and thus to facilitate their being emptied without agitation or a guggling

noise.

AlVTIIVIOia'Y. (Aniimoi7ie, Fr.
;

Antimon, Spiessglans or Spiessglas, Got.)

Symbol Sb. (Stibium, Lat.); Atomic Weight, 122 ; Specific Ch-avity, 6'715. The sul-

phide or sulphuret is the only ore of this metal found in sufficient abundance to

be largely smelted, and therefore forms the chief and most common source of the
antimony of commerce, and of the greater number of the pharmaceutical preparations

of that metal.

Antimony Glance, Antimonite, Stibnite, or Grey Antimony Ore, sometimes occurs
compact, but usually in very long prismatic or acicular crystals, or in a fibrous form.
It is of a lead or steel-grey colour, sometimes with an iridescent lustre, sectile and
flexible when in thin laminae. It may bo distinguished from a similar ore of man-
ganese by its perfect diagonal cleavage and easy fusibility. Grey antimony is com-
posed of antimony 72, sulphur 28, corresponding to the formula SbS' (Sb'-'S'). It fuses
readily in the flame of a candle, to which it imparts a greenish tint. On charcoal, in
the flame of a blowpipe, it gives out a strong smoU of sulphur, with white fumes, and

o 2
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yields n whito slag. Whon pure, it is porfoctly Bolublo in muriatic acid. Its spocific
gravity is 4-5.

x
^ i ^.

_

The most colobmtocl localities of this ore are FolsObanya, Scliemnitz, and Ifremnitz,m Jluugary, whore it occurs in diverging prisms several inches long. It is also
found in the Rnvtz, at Androasborg ; in Cornwall, at Padstow and Tintagel ; at
Now Cumuick, in Ayrshire; in Victoria and Houth Australia; and abundantly in
Borneo.

This ore was called by tho ancients v\arv6(pda\yL0v—TrAari/s hroad if>BaXfJihs eye—irom tho use to which it was applied in increasing tho apparent sizj of tlie eye, as
IS still practised among Oriental nations, by staining tho upper and under edges of the
eyelids. It was also used as a hair-dye and to colour tho eyebrows.

It was tho Lupus Meiallorum of tho alchemists. ' Crudo antimony ' is obtained
from it by simple fusion, and from this product tho pure metal is extracted.
The other principal ores of antimony are the following :—
Native^ Antimony is a mineral of a tin-white colour and streak, and of a metallic

lustre ; it sometimes contains silver, iron, and arsenic, with which last it is com-
monly associated. It is brittle, and possesses a specific gravity of 6-62 to 672. It is

generally lamellar, sometimes botryoidal, or reniform. Before the blowpipe it soon
melts, and continues to burn after tho heat is removed ; but if the heat be continued,
it evaporates in white fumes, and is redeposited around the globule.

Native antimony occurs at Sahlberg in Sweden, Andreasberg in tho Hartz, Allemont
in Dauphiny, in Mexico, in Borneo, &c.

AlleTnontite, or Arsenical Antimony. See Aksenic.
Dyscrasite, or Antimonial Silver, is a silver-white metallic mineral of somewhat

variable composition, containing from lo to 27 per cent, of antimony, and from 73 to

85 per cent, of silver. It is a rare mineral, occurring at Andreasberg in the Hartz,
at Allemont in Dauphiny, in Bolivia, &c.

JBreithauptite or Antimonial Nickel is a mineral containing 67*0 of antimony, and
32'5 of nickel, found at Andreasberg in the Hartz.

Oxides of Antimony.—Three mineral species consist wholly of native oxides of
antimony—the result of the alteration of grey antimony, native antimony, and other
ores of that metal, Valentinitc, teroxide of antimony, or antimonious oxide, SbO'
(Sb-O'), occurs in rectangular plates and acicular prisms belonging to the ortliorhombic

system. It possesses a shining pearly lustre and a snow-white colour, but is some-
times pinkish, or ash-grey, or brownish. It aifords a white streak. It is composed
of antimony 84'32, oxygen 15'68. Specific gravity = 5"56. It is found in tabular

crystals in veins traversing the primary rocks at Przibram in Bohemia, near Freiberg

in Saxony, Allemont in Dauphiny, &c. Senarmontite.—This also consists solely of

teroxide of antimony SbO* (Sb-O^)
; but, unlike Valentinite, crystallises in regular

octahedrons : hence the native oxide is dimorphous. The crystals are colourless or

greyish, with a resinous or subadamantine lustre. The per-centage composition is,

of course, the same as that of Valentinite. Senarmontite occurs in the province of

Constantine in Algeria ; at Pernick in Hungary ; at Endellion in Cornwall ; and at

South Ham in Canada. Cervantite, or Antimony Ochre.—This is an oxide containing

Sb 0* (Sb-O'), probably a combination of antimonious and antimonic oxides (SbO' +
SbO*). It occurs as a crust or powder, or in acicular crystals, with a greasy or earthy

lustre, and of a pale yellow or nearly white colour. Specific gravity= 4 '08. It is

found at Cervantes, in Spain ; in Hungary, and the Auvergno.

Eed Antimony (Kermesite) is a compound of oxide of antimony 30-2, and sulphide

of antimony 69-8 ; or antimony 74"45, oxygen 5-29, and sulphur 20-49. It occurs

generally in capillary six-sided prismatic crystals of a cherry-red colour, affording a

brownish-red streak. It has a specific gravity of from 4-5 to 4-6. It is feebly trans-

lucent, and possesses an adamantine lustre. It occurs at Malaczka in Hungary,

Briiunsdorf in Saxony, and at Allemont in Dauphiny.

Antimony also occurs in a large number of other minerals, which are for the most

part double sulphides, such as Jamesonite, Zinckeuite, Bournonite, Plumosite, Bou-

langerite, Wolfsbergite, Panabase, Bertliierite, Miargyrite, Pyrargyrite, &c.

Assaying of Antimony Cues.—The chief mineral or ore which has to ho submitted

to assay is the sulphide of antimony (SbS'), sometimes the oxides of antimony (SbO»,

SbOS and SbO*), and occasionally native antimony.

I. Sulphide of Antimony,
(a.) Estimation of the Sulphide of Antimony when it occurs intermwcd with nwre or

less of vein-stuff.—AhoxLt 2,000 to 7,000 grains of the ore are broken into fragments

from about | to 1 inch in diameter, so as to produce as little dust as possible. Two

crucibles are selected, so that the bottom of tho upper one can bo inserted into tlio

mouth of the lower one to the extent of about 1 inch ; a hole is made in the bottom

of tho upper crucible. This hole is partially closed by placing over it a small lump
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of the ore or a fragment of charcoal. The ore is then introduced ;
portions of charcoal

about the size of the ore being intermixed during the charging, the fine ore placed on

top, a layer of charcoal afterwards added, and the crucible-cover fitted and well

luted down. The bottom of the pot thus charged is inserted into_ the mouth of tho

lower one. Heat is now applied ; the two pots thus arranged being placed so that

the lower pot is under the bars of the furnace and the upper one surrounded with hot

fuel. The temperature should be carefully regulated, and the operation completed in

about 1 to U hours. When cold, the liquated regulus or sulphide of antimony will

bo found in "the lower crucible, and from its weight tho per-contage of pure ore con-

tjiined in the sample operated on can be calculated. The regulus should bo well

fused, bluish grey in colour, and the fractiire bright and fibrous-crystalline. When
pvu'c, sulphide of antimony contains 71 "76 per cent, of metallic antimony; so that, if

ilcsirablo, from the weight of the regulus obtained tho quantity of metal in the sample

operated on can readily be calculated. The residual vein-stuffy in the upper crucible

should be examined, to see that it is practically free from sulphide of antimony.

(i.) Assay of Ore rich in Sulphide of A^itimony, or Ecgulus obtained by Liquation {a)

or otherwise, by roasting, cf-c—100 to 500 grains of the finely powdered ore are placed

in a crucible or roasting-dish, and roasted at a very low and carefully regulated

temperature, with frequent stirring, especially at the first part of tho operation, so as

to prevent clogging or loss from antimony fume being given off. The roasted product,

which is generally grey or greyish white in colour, is then mixed with carbonate of

soda and charcoal powder, or tartar, or with black flux, and the assay made as for oxide

of antimony.

(c.) By Cyanide o^Fotassium.—With 100 to 200 grains of the finely powdered ore are

mixed about four times its weight of coarsely powdered cyanide of potassium, tho

mixture transferred to a crucible, and the whole submitted to a low red heat for about

20 to 30 minutes. The fused contents are poured out into a mould, and when cold

the slag detached and the button of metallic antimony weighed. It should be bright,

bluish white, brittle, and break with a largely crystalline fracture.

II. Oxides of Antimony.
(a.) By Carbonate of Soda and Carbon.—100 to 500 grains of the finely powdered

ore are mixed with from 300 to 500 grains of carbonate of soda, and from 20 to 50
grains of charcoal powder, and the mixture submitted in a crucible to a temperature

gradually increasing to a red heat at the end of from 20 to 30 minutes. When the

fused contents are tranquil, it is poured out into a mould, and when cold the slag

cautiously detached, and the button of antimony cleaned and weighed.
(b.) By Cyanide of Pbtassium.—100 to 200 grains of the ore are weighed and

mixed with about four times its weight of cyanide of potassium, and from 20 to 30
grains of charcoal powder, the whole exposed in a crucible to a low red heat for about
20 to 30 minutes, and the process completed as before described for the assay of

sulphide of antimony with cyanide of potassium.

Professor Henry Eose, of Berlin, in a memoir on the natural, not oxidised, com-
binations of antimony and arsenic, gives the following analyses : '

—

1 2 3 4 6 6 7 8

Sulphur 22-58 21-95 22-16 22-53 19-72 16-42 20-31 17-04

Antimony . 44-39 39-14 34-40 34-9 31-04 14-68 26-28 &-09

Lead . 31-84 40-76 36-71 46-87 40-84
Silver 36-40 68-54 64-29

Copper 0-'42 1-06 0-13 0-19 0-64 12-65 9-23

Iron . 0-62 2-30 2.-66 l-'30 0-06

Lime . . . • • • 0-08
Arsenic • • • • • • 3-74

99-23 99-17 99-73 96-17 99-01 100-28 100-08 100-16

1 . ZinJcenite, from Wolfsberg, in the Eastern Hartz.
2. Miargyrite, from Braunsdorf, in Saxony.
3. 4. Jamesonite, from Cornwall.

5. Plumose Grey Antimony, from Wolfsberg, in the Eastern Hartz.
6. Brittle Silver Glance, from Schemnitz, Hungary.
7. Bournonite, from the Pfaffenberg mine. Eastern Hartz.
8. Polybasite, from Mexico.

' BrcwBtei-'s Edin, Joum, ii. 360
; Pogg. Ann. xt,
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Metaixuugy op Antimony.—In treating certain ores to obtain the metal, the first

object J8 to soparato the ganguo, wliich was formerly done by fllling crucibles with tho

mixed materials, pLicing

them on the heartli of an
oven, and exposing them
to a moderate heat. As
tho sulphide easily melts,

it runs out through a hole

in the bottom of the cru-

cible into a pot placed

beneath, and out of tho

reach of tho fire. But
tho groat loss from the

breakage of tho crucibles has caused another method to be adopted. In this, the broken
ore, being sorted, is laid on tho bottom of a concave revorberatory hearth, where it is

reduced.

Figs. 71 and 72 represent a -wind or flame furnace, for the reduction of anti-

mony. Tho hearth is formed of sand and clay solidly beat together, and slopes from
all sides towards the middle, whore it is connected with the orifice a, wliicli is closed
with dense coal-ashes ; b is the air-channel up through tho bridge

; c, the door for

introducing the prepared ore, and running off the slags
; d, the bridge ; c, the grate

;

/, tho fire or fuel-door
; g, the chimney. "With 2 or 3 cwts. of ore, tho smelting pro-

cess is completed in from 8 to 10 hours. The metal thus obtained is not pure
enough, but must be fused under coal-dust, in portions of 20 or 30 pounds, in crucibles

placed upon a revorberatory heartli.

At Malboac, in the department of Ard^cho, in France, the separation of the sulphide

ofantimony from its associated ganguo is, or

was, effected by means of a peculiar appara-

tus {fig. 73). The mineral is placed in large

retorts, k r, of which four are sot in each

furnace. An aperture is left at the bottom
of each of these cylinders, which corre-

sponds with a similar opening by which they

aie supported. Beneath these, in tlie

chambers, cc, are placed earthen pots, pr,

in which is received the molted sulphide as

it descends through the openings in the

cylinders. The fuel consumed on the grate

consists of fir-wood ; and the sulphide ob-

tained is converted into metallic antimony
by roasting in a revorberatory furnace, and
subsequent reduction by a mixture of 20

per cent of powdered charcoal which has

been saturated with a strong solution of the

carbonate of soda.

Metallic antimony, as obtained by the

preceding process, is tho antimony of commerce, but is not absolutely pure ; con-

taining frequently minute portions of iron, lead, and even arsenic, the detection

and separation of which belong to the province of analytical chemistry; but

considerable purity may be secured by repeatedly fusing the metal, mixed vnth a

little of its sulphide and some carbonate of soda, in a crucible. From 100 parts of

the impure metal in this way 94 of pure antimony are obtained. The addition of

sulphide serves tho purpose of making fluid compounds of the sulphides of iron, arsenic,

and copper, with the soda. Wohler purifies antimony completely from arsenic (not from

iron and copper) by deflagrating 10 parts of the crude ore with 12 of nitre and 15 of

carbonate of soda
;
washing away tho arsenic salt, and then smelting the residuary anti-

moniate of potash with black flux. Lead can bo separated only by the humid analysis.

To obtain antimony free from iron, it should be fused with some antimonic oxide

in a crucible, whereby the iron is oxidised and separated. Tho presence of arsenic

in antimony is detected by the garlic smell, emitted by such an alloy when heatod at

the blowpipe ;
or, better, by igniting it with nitre in a crucible

;
in which case

insoluble antimonite and antimonate of potash will be formed along_ with soluble

arsenate. "Water digested upon the mixture, filtered, and tlion tested with nitrate of

silver, will afford the brown-red precipitate characteristic of arsenic acid.

According to Berthicr. the following materials afford, in smelting, an excellent

product of antimony. From 100 parts of sulphide, 60 of protoxide of iron from tho

shingling or rolling mills {Hammerachlag), 46 to 60 of carbonate of soda, and 10 of
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charcoal powder, from 65 to 70 parts of metalUc antimony or regulus should bo

obtftinod. Glauber salts may bo used advantageously instead of soda. Another for-

mula is, 100 parts of sulphide of antimony, 42 of metallic iron, and 10 of dry sulphate

of soda! The product thence is said to be from 60 to 64 parts of metal.

In the -works -where antimonial ores are smelted, by means of tartar (argol,

bitartxate of potash), the alkaline scoriae -which cover tha metallic ingots are not

rejected as useless, for they hold a certain quantity of antimonial oxide in combination

—a property of the potash flux -which is propitious to the purity of the metal. These

scorife, consisting of sulphide of potassium and antimonate of potash, being treated

with -water, undergo a reciprocal deconipo'sition ; the elements of the -water act on

those of the sulphide, and the resulting alkaline hydrosulphide^ reacts on the

antimonial solution so as to form a species of kennes mineral, -which precipitates.

This is dried, and sold at a lo-w price as a veterinary medicine under the name of

kcrnm, by the dry way.

Metallic antimony is now largely obtained from the native sulphide by the reducing

action of iron. A quantity of scrap-iron or of tin-plate clippings is thrust into the

molten sulphide, previously separated from the gangue, and the antimony is thus

reduced, -with formation of a regulus of protosulphide of iron (ferrous sulpliide). The

process of smelting antimony by means of iron resolves itself into three distinct

operations, -svhich may be thus described :—

'

1. Singling.—A charge of about 40 lbs. of the ore, broken up into pieces each

about half the size of an egg, is introduced into a red-hot crucible, -with a quantity of

slag obtained in the operation of doubling^ at a pre-vious smelting. Above this ore

and slag is placed a mass of refuse iron, consisting generally of tin-plate in the form

of old kettles and saucepans, and beaten for convenience' sake into the shape of a

cone. Assuming that the ore contains from 50 to 55 per cent, of antimony, about 20

lbs. of iron -would be added to the quantity of ore and slag specified above. AVhen
the charge has melted, the iron cone is pressed into the molten mass, and the reduction

thus effected by action of the metal on the fused sulphide. The crucible is then
removed from the fire, and the contents poured into a large conical cast-iron mould.
On the cooling of the mass, a button of cnide antimony is found below the regulus,

from which it is readily separated by a tap -with the hammer.
2. Doubling.—The ' singles,' or buttons of metallic antimony from the first melting

are sorted, so that those which contain an excess of sulphur may be melted -with

those which have an excess of iron. Seventy or eighty pounds of these sorted singles

arc put into a crucible -with a little salt-cake (crude sulphate of soda) and melted.
This re-melted antimony is then poured" into a cast-iron bowl, where it solidifies, and
forms the product known as ' bowl metal.'

3. Befining or Frcnching.—A charge of from 60 to 70 lbs. of bowl metal is intro-
duced into a red-hot crucible, -with a pound or two of American potash and about 10
lbs. of slag from the previous refining. "When melted, the mass is stirred -with an
iron bar, and the character of the slag adhering to the stirrer enables the workman to
judge whether the refining be complete or no. The refined metal is poured into
moulds, where it slowly cools and acquires the crystalline structure characteristic of
this metal ; to favour this crystallisation the metal, while cooling, is covered -with
slag, and should be left quite undisturbed.

It was shown by the late Dr. Matthiessen that the tendency of antimony to
crystallise is duo to the presence of a small proportion of impurity

; antimony, in a
pure state, cannot be readily caused to crystallise.

Antimony is a brittle metal, of a silvery white colour, -with a tinge of blue, a
lamellar texture, and crystalline fracture. Wlicn heated at the blo-wpipe, it melts with
great readiness, and diffuses white vapours, possessing somewhat of a garlic smell. If
thrown in this melted state on a flat sheet of paper, the globule sparkles and bursts
into a multitude of small spheroids, which retain their incandescence for a long time,
and run about on the paper, leaving traces of the white oxide produced during the
combustion. When this oxide is fused -with borax, or other -dtrifying matter, it
imparts a yellow colour to it. Metallic antimony, treated with hot nitric acid in a
concentrated state, is converted into a powder, called antimonious acid, which is alto-
gether insoluble in the ordinary acid menstrua—a property by which the chemist can
separate that metal from iron and coppeir. According to Bergmann, the specific
gravity of antimony is 6-86

; but that of the purest is 6-715. The alchemists had
conceived the most brilliant hopes of this metal ; the facility with which it is alloved
with gold, since its fiimcs alone render this most ductile metal immediately brittle
led them to assign to it a royal lineage, and distinguished it by the title of reaulus or
the little king. ^ '

BmcS,VtaJa"Tne/ vd^lf p^^^^^^^^^^^
''""^ some 'Notes on Antunony,' in the 'Minhig ana
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Its cluof omploymont is in making tlio alloys called typo mot;il, etcreotype metiil

music plutos, andUritfinnia motal ; tho first consisting of 6 of load and 2 of antinionv-
the second of 6 of lead and 1 of antimony ; tho third of lead, tin, and antimony; and
the tourth also of load, tin, and antimony, with occasionally a little copper, bismuth,
and nickel. Antimony is much used in alloys with tin, tin and load, and in some cases
copper, in various proportions, for machinery bearings, instead of gun-metal. In
cases of rapid and continuous revolution, as tho shafts of screw-stoamers, these are
found much, better than gun-motiil. It is also used by tho Ordnance in hardening
bullets and shot.— Watts'a Dictionan/ of Chemistry.

Molted -with tin, antimony has of lato been used as an antifriction alloy for railway
axles, and other bearings

; in metallic rings, or collars, for machinery. As this alloy
is not so much heated by friction as tho harder metals, less grease is consumed. See
AxLOYs ; Antifriction Mktal.
Tho shipments of Antimony Ore and Rogulus from Victoria have been as follows :—

1866 530 tons valued at £3,682
1867 518 „ „ 5,106
1868 649 „ „ 8,810
1869 593 „ „ 11,258
1870 3,118 „ „ 32,870
1871 No returns given

From Borneo the shipments were :—In

1866 316 tons valued at £'3,859

1867 ..... 336 „ „ 3,449
1868 1,154 „ „ 15,409
1869 1,072 „ „ 15,080
1870 3,578 „ „ 26,888
1871 Included in ' Ores iinenumcrated.'

AXTTIiaoITY, CHIiOXtXSES OP. Two chlorides are known—the terchloride,

or antimonious chloride (Sb CP), and the pentachloride, or antimonic chloride (Sb CP).
The former, known to the older chemists as butter of antimony, may be prepared by
distilling metallic antimony -with corrosive sublimate, or by acting on the tersulphido

of antimony with hydrochloric acid, and distilling the product. The pentachloride is

obtained by passing chlorine over metallic antimonj-, and separating the mixed
chlorides by distillation. The old Powder of Algaroth was an oxychloride of

antimony.

AUrTIMOWT, CROCCS OP. An impure sulphide of antimony and sodium,

forming the scoria which is produced in smelting antimony by heating the roasted

sulpliide with charcoal and carbonate of soda,

iiiarTXIVXOia'Y GXiANCE. Native tersulphide of antimony, the principal ore of

this metal. See Antimony,
AN'TIIMCOM'T, CXiASS OP. This substance, according to M. Soubeiran, con-

tained:—Teroxide of antimony, 91 '5 ;
silica, 4"5

;
peroxide of iron, 3 "2 ; sulphuret

of antimony, 1'9, = 101"1.

AJSHTSHOUtT VERMXIiIOXI'. A red pigment consisting of artificial t<>r-

sulpliidc of antimony, formed by pouring a solution of chloride of antimony in hydro-

chloric acid into a dilute solution of hyposulphite of lime in excess ; when the liquid

is heated, a yellow precipitate falls, and tliis gradually assumes an orange-Ted

colour.

ANTXSEPTXCS. (From avrX against; <ry\in'bs putrid.) Substances which

prevent the spontaneous decomposition of animal and vegetable substances. These

are chiefly the mineral acids, charcoal, chloride of lime, chlorine,^ culinary salt, nitre,

spices, sugar, creosote, and yeast—which operate partly by inducing a cliange in the

animal or vegetable fibres, and partly by combining with and rendering the aqueous

constituent unsusceptible of decomposition. See Disinfectants ; Food ; Provisions,

CURING of ; and Preskrvmj Meats.

AZirvXIi, A mass of iron, having a smooth and nearly flat top-surface of steel,

upon which blacksmiths, and various otlicr artificers, forge metals -with the hammer.

The common anvil is usually made of seven pieces : 1, the core, or body; 2, 3, i, 5,

tho four corner-pieces, which serve to enlarge its base
; 6, the projecting end, which

has a square hole for tho reception of tho t;iil, or shank of a chisel, on which iron bars

may be cut through ; and 7, the beak, or horizontal cone, round which rods or slips

of motiil may be turned into a circular form, as in making rings. These six pieces

are welded separately to the first, or core, and then hammered into a uniform body.

In manufacturing large anvils, two hearths are needed, in order to bring each of tho
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11 14.^ o T,rr,T»nr hcftt'bv itsolf : and several mon are employed in

two pieces to be >ve ded to ^^P'^Pff,^^^^ by heavy s^ng hammers. The
.vorking thorn together briskly m tho Avelclmg s at ^ y J'^^^..^^^

hardened,

stool iacing is apphed stream being

by lioating it to a cherry
should not be too thick a plate

;
for, when

pUrable to a pool or cistern

JJ^^^^^^^^
^ the anvil is now smoothed

"^^^Ti^iXl^^Z^^^^ -^--^ --'^-^^^

^°?Lti:.Ssnnth, in general sets^^^"JZ:.:^!::^^^^
s^r^^srof
anxil fixed as firmly and solidly as possible.

iL chemical composition. The name s suggestive of ^h^,
^^^^^^^^ ^^^Pf^^^^^^^

which the mineral often presents, and which naturally enough led tho ef^^lj
^"^^J^

legists into the ei-ror of mistaking many of its 7"<^ties for .ndely-^^^^^

stances As apatite, when occurring an sufficient quantity to be advantageously

;Xi: has aTays k high economic' value, it is desirable to describe the species

T^JSe^a'Siiises in forms belonging to the
l--g«7VafZvtrst' by

short six-sided prisms, each terminated either by a pjTamid of as many faces, pr by

Sp e flat^l^ne. The horizontal edgesat the ends of crystal are of en variou^^^^^

modified, and the lateral faces of the prism frequently exhibit vertical striae. Clea-

va^ is generally not well marked. In colour the mineral varies from ^Inte to various

shades of green and blue, passing sometimes into violet and bro^vn
;
but the streak,

iaSrseeTon scratching the mSieral, is invariably white. The lustre is generally

glassy! but rather inclined to resinous. Some varieties of the mineral are trans-

parent while others are quite opaque: it is notable_ that a bluish opalescence maj

occasionally be detected in the direction of the vertical axis of the crjsteh For
^

salt of lime, apatite is rather hard, readily scratching glass, but being itself scratched

by felspar. Its specific gravity varies from 2-92 to 3-25. In chemical composition

all apatite consists mainly of phosphate of lime (calcium phosi^iato), but it was

shown byEose in 1827 that this phosphate is almost inyanably associated to a

greater or less extent with either chloride or fluoride of C';il"um or with both. The

general composition of apcatite maybe thus formulated: 3 (3CaO,P05) + Ca (Cl,i )

,

[3 (Ca='P-0«) + Ca(Cl2, T~)]. The amount of phosphoric acid (phosphoric anhy-

dride) in apatite usually varies from 40 to 45 per cent. Heated before the bloAvpipe,

the mineral fuses, with difficulty, on tho edges. Many massive vaneties emit a phos-

phorescent glow when heated, and are hence termed fhosphonic.
_

Amono- the minerals commonly found in association with apatite, may be specially

mentioned tin-stone, topaz, and ixrarmaline. It is with such associates that apatite

occurs in veins in St. Michael's Mount, and in several Cornish tin-mmes
;
and it is

also found under similar conditions in the tin-deposits on both the Saxon and tlie

Bohemian sides of tho Erzgobirge, especially at Ehrenfriedersdorf, Zinnwald, and

Schlaggenwald. A variety in small white crystals, with curved faces, and in crystal-

line masses, occurring at Huel Franco and Fowey Consols, in Cornwall, has been

termed Francolite. Near Eovey Tracey, in Devonshire, apatite w^as formerly found

in large white crystals, associated with fine specimens of black tourmaline. At

Carrock Fells, in Cumberland, it occurs in green crystals, with smoky quartz, molyb-

denite and gilbertite. Tlie dark greenish-blue crystals found in Norway and else-

where have been termed Moroxite. Snarum, in Norway, yields large white crystals,

npparently decomposed. A crystalline apatite, flesh-red in colour, and looking mucli

like a felspar, is found at Krageroe in Norway, whore it has been largely worked for

export to England. The variety termed by "Werner S^armlstein (' asparagus stone ')

occurs in beautifully formed clear yellowish-green crystals,_associated_ with specular

iron-ore, in a peculiar rock, apparently volcanic, at Jumilla, in the province of Murcia,

Spain. A proposal was lately made to work the rock containing those crystals. At

Logrossan, in the province of Estromadura, there aro vast deposits of massive or con*
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nn.l.ic. •

>T
"eignuouTiiooa 01 btattoi, near I^imburg, on tho Lahn.

A
,

' 'If
® \" valuable doposits of phosphorite have boon actively worked

1 7 • , ,
phosphorite is sometimes iucriisted with a peculiar mineral, generallyin ooLryoidal or roniform masses, termed S/afclilc. This may have been derivedirom the alteration of the phosphorite, and is said to contain, in addition to phospliato

ot limo, upwards of 9 per cent, of carbonate of lime, and is furtlier peculiar in con-
uiining traces of iodine. Phosphorite is also worked at Amberg, Diez, and other
localities in Bavaria. The mineral called Osieolite is said by Professor Church to bean altered impure form of apatite. In the United States there are a largo number of
localities yielding apatite. Crystals of considerable size have been found in St,
l.aMTonce co., in Orange co., in Rossie, and elsewhere in the State of Now York. At
Hurdstono, in Sussex co., Now Jersey, 'a shaft has been sunk, and the apatite mined

;masses brought out weigh occasionally 200 lbs., and some cleavage prisms have the
pianos 3 in._ -wide ' (Dana). Apatite is widely disseminated through many of the
crystalline limestones of the Laiirentian scries in Canada

;
indeed, in some part* of

the limestone it is so abundant as to form a large proportion of the rock. The most
remarkable deposits of Laurentian apatite are in the townships of Burgess and
Elmsley. ' In North Elmsley it forms an irregular bed parallel to the stratific-ition of
the limestone

; the breadth of the bed seems to be about 10 feet, of which 3 feet are
nearly pure crystalline apatite, sea-green in colour, and Anth a small admixture of
black mica. Masses of this gave an average of 88 per cent, of phosphate of lime

'

{T. Sterry Hunt).

_
When apatite or phosphorite occurs in sufficient quantity to be systematically worked,

it becomes a mineral of great commercial value. Treated with oil of vitriol, it is
converted into superphosphate of lime, and in this soluble form is highly valued by
the agriculturist as a fertilising agent for the soil. Apatite has also been used, in
the place of bone-ash, as a constituent of certain kinds of soft porcelain. Por other
mineral substances containing phosphate of lime, see SojniKEiiiTE, Copbolites, and
GrAKo.—F.W.R.
.aPPXiES. The fruit of the Pyrus malus (apple-tree). Employed in the manu-

facture of cider. See Cidbe.
APPIiS-TRES. {JPynis malus.) The wood of the apple-tree is much used in

tlie Tunbridge turnery manufacture, and the millwTight employs the wood of the
crab-tree for the teeth of mortice wheels.

_
ilPPIiE-WXN-z:. Cider. Winckler finds that the wine from apples is die-

tingiiished from the wine from grapes by the absence of bitartrate of potash and of
oenanthic acid, by its containing a smaller amount of alcohol and more tannin, but
especially by the presence of a, characteristic acid, which he regards as lactic acid,
notwithstanding that this opinion is not confirmed by the degree of solubility of its

salts with oxide of zinc, lime, and magnesia. See Cider.
AQITAFORTZS. Nitric acid, somewhat dilute, was so named by the alchemists

on account of its strong solvent and corrosive action upon many mineral, vege-
table, and animal substances. It is still employed as the commercial name of nitric

acid. See Niteic Acid.

This acid is usually obtained by distilling either common nitre or cubic nitre with
sulphuric acid.

It may, however, be usefully borne in mind, that this term of aquafortis, or strong
water of the old chemist, was also applied to solutions which answered their special

purposes. Thus Salmon, in 1685, gives the composition of aquafortis from certain

mixtures of acids, not nitric, and salts, and distinctly refers to the Pharmacopoeia for

the other kind. This may be of service when applying old recipes for processes in

the arts. Aquafortis did not always mean nitric acid,

AQITAMARZirs is the name given to those varieties of beryl which are of clear

shades of sky-blue, or greenish-blue. It occurs in longitudinally-striated hexagonal

crystals, sometimes a foot long, and is found in the Brazils, Hindostan, and Siberia.

See Beeyi,.

AQVA RGCXAt Eoyal water. The name given by the alchemists to that mix-

ture of nitric and muriatic acids which was best fitted to dissolve gold ; it is now
called nitro-muriatic add, or nitro-chlorohydric acid, or hypochloro-nitric acid.

Aqua regia, prepared under different conditions, appears to give different results.

Gay-Lussac observed that aqua regia, when heated in a water-bath, evolves a gaseous

body which, dried and exposed to a frigorific mixture, separates into chlorine and a

dark lemon-yellow liquid, boiling at 70° F. This yellow liquid was found to contain

69"4 per cent, of chlorine, the calculated quantity for the formula, NO'Cl-, being 70*2.

Gay-Lussac refutes the assertion of E. Davy and Baudrimont, that the properties of
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nmn roda aro duo to its containing a compound of chlorine, nitrogon and oxygen,

affconfirms tho gonorally rocoived view, that its action doponds upon free chlorine
and connrms 0 ^ evolved in the action of nitric upon hydrochloric acid, a iquid

b condeSS is nearly of the composition NO;CP (X^ocr-), containing,

however, no /«c chlorine: this compound, in the gaseous form, is kno^vn as cUoro-

'"'?h?he'st proportions for forming aqua regia appear to be about one yolume of

strong nitric to three of hydrochloric acid. Aqua regia is used for dissolving both

^°AOWA vS. The name given to alcohol when used as an intoxicating beyo-

race It is derived from the alchemists, .vho, having obtained-in all probabihty

from the .ii-abian physicians, since Avicenna uses the term—the product by distilla-

tion of saccharine fermentation, al-kohol (alcohol), gave, upon the same principle as

euided them in calling the nitro-muriatic acid aqua regia, the nanio of aqiia vitm to

teveral ardent spirits; and it has been retained especially wth reference to whisky

^'^ARABic, GTTM. Gum Arabic exudes from several species of Acacia, as A. vera.

It is also found in the roots of the mallow, comfrey, and some other plants. Gum

Arabic never crystallises, is transparent, and has a vitreous fracture.
_

ASABIN-. The principal constituent of Gum Arabic. If gum is treated witli

hycbochloric acid and alcohol, the lime, magnesia, and potash, in combination, are

decomposed, and the arabin is separated as a gum, exhibiting the properties of an

acid In the moist state it dissolves in cold water, forming muctlagc, from which it

is precipitated by alcohol. After drying, it no longer .dissolves biit swells in^^

gelatinous mass. Dried at 212° F. it has the composition C'-H"0>i (c'^H^^O'i).

See Acacia, Cerasinb, Dextrine, Gum.
_ „ v j

ARAGOITXTE. So called from Aragon, in Spain, where it was first discovered.

A carbonate of lime, crystallised in rhombic prisms, or in forms derived from the

same. Sometimes written Aeeagonite. See Lime.

ARBOR VITJE. Several species of Thuja, found in America and China, are

called arbor vitce. It is a light, soft, and fine-grained wood, which is used in several

kinds of carpentry.
_ j •

i.

ARCH. As this dictionary is not intended to include articles connected with

engineering or with architecture, it would be out of place to describe the conditions

required to ensure the stability of the arch, which is manifestly one of great impor-

tance to the practical builder. (For the theory of the equilibrium of the arch, G-nilt's

treatise on the subject should be consulted, or the article Arch, ' lincyclopaedia

Britannica.') It simply remains to define the arch as a structure of stone or brick,

supported by its own curve ; or of wood or iron, supported by the mechanical arrange-

ments of the work.

The curvature of an arch may vary very considerably. "Where the arch is low, the

circle it belongs to becomes very large ; and the strength of arches varies greatly with

their forms
;

they may be either segments of a circle, a parabola, an ellipse, an

hyperbola, or a catenary.

The arch in architecture is the means of passing from one pillar to another ; and

we have the circular form, which was succeeded by the pointed arch, and all its

modified forms of foliation, &c.

ARCEERT BOW. These are divided into the ' singlc-piecc bow ' and the ' back

or U7iim bow.'

The single-piece bow is made of one rod of hickory, lance-wood, or yew-tree, which
last, if perfectly free from knots, is considered the most suitable wood.

The union bow is made of two or sometimes three pieces glued together. The
back ' piece, or that furthest from the string, is of rectangular section, and always of

lance-wood or hickory ; the ' ie%,' which is nearly of semicircular section, is made of

any hard wood that can be obtained straight and clean, as ruby-wood, rose-wood,

green-heart, king-wood, snake-wood, &c. Sometimes the union bow is imitated by
one solid piece of straight cocoa-wood of the West Indies (not that of the cocoa-nut

palm), in which case the tough fibrous sap is used for the back. The Palmyrea is

also used for bows.

—

Holtzafffel,

ARCBZIb. {Orseille, l^T. ;
Oracille, Ger. ; OriccUo, Ital.) The name of archil is

given to a colouring-matter obtained, by the simultaneous action of the air, moisture,

and an ammoniacal liquor, from many of the lichens, the most esteemed being the
Roccella.

It appears in commerce in three forms : 1, as a pasty matter called archil ; 2, as a
mass of a drier character, named persis ; and 3, as a reddish powder called cudbear.
The lichen from which archil is prepared is known also as tho canary weed or

orchilla weed. It grows in great abundance on some of tho islands near tho African
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coast, particularly in tho Canaries and several of the islands of the ArcliipeLigo Its
colour IS sometimes a light and sometimes a dark grey.

There appears to bo good evidoiico for supposing that archil was known to the
llomans, and Eeckraann is disposed to boliovo that tho ancient Greeks wore familiar
with this dye. This ingenious and industrious author gives tho following account of
tho modern introduction of tho archil.

' Among the oldest and principal Florentine families is that known under the name
of Oricellarii or Rucellarii, Ruscollai or Ilucellai, several of whom have distinguished
tliomselvcs as statesmen and men of letters. This family is descended from a German
nobleman, named Fovvo or Froderigo, who lived in tho beginning of tho 12tli century.
One of his descendants, in tlio year 1300, carried on a great trade in the Levant, hy
which ho acquired considerable riches, and returning at length to Florence with his
fortune, first made known in Europe the art of dyeing with archil. It is said that a
little before his return from the Levant, happening to make water on a rock covered
with this lichen, he observed that the plant, which was there called respio or rcspo, and in
Spain orcif/lia, acquired by the urino a piu-plo colour, or, as others say, a red colour.
He, therefore, tried several experiments, and when he had brought to perfection tho
art of dyeing wool with this plant, he made it known at Florence, where he alone
practised it for a considerable time, to tho great benefit of the state. From this
useful invention tho family received the name of Oricellarii, from which at last was
formed Rucellai.'

—

History of Inventions.

For more than a century Italy possessed the exclusive art of making archil, obtain-
ing tho lichens from the islands of tho Mediterranean. Teneriffe furnished annually
600 quintals (of 110 lbs. each) of lichen; the Canary Isles, 400; Fucrta Ventura,
300

;
Lancerot, 300 ; Gomera, 300 ; Isle of Ferro, 800. This business, in the islands

of Teneriffe and Canary, belonged to the Crown of Spain, and in 1730 brought in a
revenue of 1500 piastres. The farmers paid from 15 to 20 reals for the right to gather
each quintal.

Since 1402 the largest quantity of the lichens for the preparation of archil has been
obtained in the Canary Islands ; a smaller quantity has, however, been procured from
the Cape do Verde Islands. It is stated that the archil from the lichens of tho latter

place dye wool of a deeper colour than the archil from the Canaries, but that tho dye
is not so rich. The labour of collecting these lichens is very great, and men are ex-

posed to the greatest risks, being suspended by cords over the face of stupendous
cliffs. Upon the con sts of Spain, Scotland, and Ireland, the peasantry have for a very
long period used lichens for the purpose of dyeing red.

The chemical constitution of archil was first investigated by M. Cocq (' Annales do

Chimie,' vol. Ixxxi.) ; and subsequently, yet more extensively, by Robiquet ('Annales
de Chimie,' vol. xlii. 2nd series).

From the Variolaria, Robiquet obtained Orcine, by digesting the lichen in alcohol,

evaporating to diyness, dissolving the extract in water, concentrating the solution to

the thickness of a syrup, and setting it aside to crystallise. It forms, when quite pure,

colourless prisms, of a nauseous sweet taste, which fuse easily, and may be sublimed

unaltered. Its formula is C'^H'O* (CH"©-) ; when crystallised from its aqueous

solution it contains 5 Aq.
,

If orcine be exposed to the combined action of air and ammonia, it is converted into

a crimson powder orceine, which is the most important ingredient in the archil of

commerce. Orceine may be obtained by digesting dried archil in strong alcohol,

eva porating the solution in a water-bath to dryness, and treating itwith ether as long as

anything is dissolved ; it remains as a dark blood-red powder, Ijeing sparingly soluble

in water or ether, but abundantly in alcohol. Its formula is C'H'NO* (C'H'WO').

Orceine dissolves in alkaline liquors with a magnificent purple colour ; with metallic

oxides it forms lakes, also of rich purple of varioiis shades. In contact with de-

oxidising agents, it combines with hydrogen as indigo does, and forms leuc-orceine.

When bleached by chlorine, a yellow substance is formed, cJdor-OTceine.

Dr. Schunck, by an examination of several species of Lccanora, has proved that,

although under the influence of ammonia and of air, tliey -ultimately produce orceine,

these lichens do not contain orcine ready formed, but another body, Lecanorine, which,

under the influence of bases, acts as an acid, and is decomposed into orcine_ and car-

bonic acid. If lecanoric acid be dissolved in boiling alcohol, it unites with ether,

forming lecanoric ether, which crystallises beautifully in pearly scales. In the RocccUa

tinctoria and the Evcrnia prunastri crythric acid is found By the oxidation of this

acid amarythrinc or erythrinc hitter is formed. These substances have been carefully

examined 'by Schunck, Stenhouso, and Kane. The chemical history of these and some

otlier compounds is of great interest; but as they do not bear directly upon the

manufacture of archil, or its use in dyeing, further space cannot be devoted to their

consideration,
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Kano found archil and litmus of commerce to contain two classes of colounng-

mauors, as abeady stated, orcino and orceme, derived from it Beyond these there

were two bodies, one containing nitrogen, azocryihrinc and the other destitute of

llo^^^,crytkroldo acid. This latter acid is separated from the other bodies present

fu uvhU bf means of ether, in which it dissolves abundantly, forming a rich crimson

soluioii. It gives ^-ith alkalis piu-ple liquors, and with earthy and metallic salts

'"Sid'those already named there are several other species of lichen which might

be employed in producing an analogous dye, were they prepared like the preceding,

fnto tirs^ubstance called arcAiZ. Hellot gives the following method for discovering

i they possess this property. A Httle of the plant is to be put into a glass vessel
;
it is

to bo moistened with ammonia and lime-water m equal parts
;
a little ™te of

ammonia (sal-ammoniac) is added, and tlie small vessel is corked If the plant be of

a nature to afford a red dye, after three or four days the small portion of bquid which

will run off on inclining the vessel, now opened, will be tinged ot a, cnmson red, and.

the plant itself will have assumed this colour. If the liquor or the plant does not

take this colour, nothing need be hoped for ; and it is useless to attempt its prepara-

tion on the great scale. Lewis says, however, that he has tested in this way a great

many mosses, and that most of them afforded him a yellow or reddish-brown colour
;
bnt

that he obtained from only a smaU number a liquor of a deep red, which communi-

cated to cloth merely a yellowish-red colour.
. •, , i ,

Prepared archil gives out its colour very readily to water, ammonia, and alcohol.

Its solution in alcohol is used for filUng spirit-of-wine thermometers
;
and when these

thermometers are weU freed from air, the liquor loses its colour in_ some years, as

Abb6 NoUet observed ; but the contact of air restores the colour, which is destroyed

anew, in vacuo, in process of time; but the watery infusion loses its colour, by the

privation of air, in a few days ; a singular phenomenon, which merits new researches.

The infusion of archil is of a crimson bordering on violet. As it contains ammoma,

which has already modified its natural colour, the fixed alkaUs can produce little

change on it, only deepening the colour a little, and making it more violet. Alum

forms in it a precipitate of a brown red ; and the supernatant liquid retains a yellow-

ish-red colour. The solution of tin affords a reddish precipitate, which falls down

slowly ; the supernatant liquid retains a feeble red colour.

The researches on the lichens, as objects of manufacture, by Westring, of Stock-

holm, are worthy of attention. He examined 150 species, among which he found

several which might be rendered usefid. He recommends that the colouring-matter

should be extracted in the places where they grow, which would save a vast expense

in curing, package, carriage, and waste. He styles the coloiu-ing substance itself

cudbear, persio, or turnsole ; and distributes the lichens as follows :— 1st. Those which,

left to themselves, exposed to moderate heat and moisture, may be fixed without a

mordant upon wool or silk; such are the Lichenes cinereus, amatonta, ventosus,

eorallinus, Westringii, saxatilis, conspassus, barhatus, plicatus, vulpinus, &c.

2. Those which develop a colouring-matter fixable likewise without mordant, but

•which require boiling and a complicated preparation ; such are the Lichenes subcarneus,

dillenii, farinaceus, jubatus, furfuraceus, pulmonareus, coimigatus, cocciferus, digitatus,

ancialis, aduncus, &c. Saltpetre or sea-salt is requisite to improve the lustre and

fastness of the dye given by this group to silk.

3. Those which require a peculiar process to develop their colour, such as those

which become purple through the agency of stale urine or ammoma. Westring em-

ployed the following mode of testing :—He put 3 or 4 drachms of the dried and

powdered lichen into a flask, moistened it with 3 or 4 measures of cold spring water,

put the stuff to be dyed into the mixtm-e, and left the flask in a cool place. Some-

times he added a little salt, saltpetre, quicklime, or sulphate of copper. K no colour

appeared, he then moistened the lichen with water containing ^thof sal-ammoniac and

^^jth of quicklime, and set the mixture aside in a cool place from 8 to 14 days. There

appeared in most cases a reddish or violet coloured tint. Thus the Lichene cinereus

dyed siUc a deep carmelite and wool a light carmelite ; the L._p%so&s gave a yellowish-

grey ; the ptcstulatus, a rose red
;
sanguinarius, grey ; tartareus, found on the rocks of

Norway, Scotland, and England, dyes a crimson-red. Cudbear is made from it in

Jutland by grinding the dry lichen, sifting it, then setting it to ferment in a close

vessel with ammonia. The lichen must be of the third year's growth to yield an
abundant dye ; and that which grows near the sea is the best. It loses half its weight
by drying. A single person may gather from 20 to 30 pounds a day in situations

whore it abounds. No less than 2,239,686 pounds were manufactured at Cliristiansund,

Flckkefiord, and Falcrsund, in Norway, in the course of the six years prior to 1812.
Since more solid dyes of the same shade have been invented, the archil has gone much
into disuse.
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T.uk,° anny'^"i*° ^i'^'?" '>"^Pl«yo'l aro ground up with water to a uniform

1

^^^''^ ""^'^'^ '^'t'l ^^^tor UB will make tho wholo fluki

to thno a5dn /'^"T.f'°'"
^""^ '^"^ i-^^-blaek works, or stale urine. areZj timeto tune added, and the mass frequently stirred so as to promote tlie action of the a?riUo oicino or orythnne whicli exists in tho lichen absorbs oxygen and nitrogen and

keir;,? «!Tr"
.^•"'^'^'^'li"" i^l^«'^rbs oxygen and forms crythroldo acid; these beingfcopt in solution by tho ammonia, tlio wholo Uquid becomes of an intense purple andconstitutes oixlinary archil.—JiTrtMc.

i-unso purpie, ana

T^nf"'"'!"//^''"?
"^""^ 'ly'^^ng unless for lilacs; but silk is frequentlypassed tlirough a bath ot archil, either before dyeing it in other baths or alto it hasbeen dyed, in order to modify different colours or to give them lustre. It is sufficientHere to point out how white silks are passed through tho archil bath. The same

aSy dye?
'"^^ ^'''^ °^ charged with this colour, for silks

Aivhil. in a quantity proportioned to the colour desired, is to be boiled in a copper

1
off quite hot from tho archil bath, leaving the sediment

at the bottom, into a tub of proper size, in which tho silks, newly scoured with soap
are to be turned round on the skein-sticks Avith much exactness, till they have attained
the wished-for shade. After this they must receive one beetling at tho river

Archil IS, in general, a very useful ingredient in dyeing; but as it is rich in colour,
and communicates an alluring bloom, dyers are often tempted to abuse it, and to ex-
ceed the proportions that can add to the beauty without at the same time injuring, in
a dangerous manner, the permanence of the colours. Nevertheless, the colour
obtained when solution of tin is employed, is less fugitive than without this addition

:

it 13 red, approaching to scarlet. Tin appears to be the only ingredient which can
increase its durability. Tho solution of tin may bo employed, not only in the dyeing
bath, but ior the preparation of the silk. In this case, by mixing the archil with
other colouring substances, dyes may bo obtained which have lustre with sufficient
durability.

To dye m'ooI with archil, the quantity of this substance deemed necessary according
to the quantity of wool or stuff to be dyed, and according to the shade to which they
are to be brought, is to bo diffused in a bath of water as soon as it begins to grow
warm. The bath is then heated till it be ready to boil, and the wool or stuffis passed
through it without any other preparation except keeping that longest in which is to
have the deepest shade. A fine gridelin, bordering upon violet, is thereby obtained;
but this colour has no permanence. Hence archil is rarely employed with any other
view than to modify, heighten, and give lustre to the other colours. Hellot says, that
having employed archil on wool boiled with tartar and alum, the colour resisted
the air no moro than what had received no preparation. But he obtained from
herb archil {I'orseillc (Tkerde) a much more durable colour, by putting in the bath soma
solution of tin. The archil thereby loses its natural colour, and assumes one
approaching more or less to scarlet, according to the quantity of solution of tin
employed. This process must be executed in nearly the same manner as that of
scarlet, except that the dyeing may be performed in a single bath.

Archil is frequently had reconrse to for varying the different shades and giving
them lustre ; hence it is used for violets, lilacs, mallows, and rosemary-flowers. To
obtain a deeper tone, as for the deep soupes au vin, sometimes a little alkali or milk
of lime is mixed Avith it. The suites of this browning may also afford agates, rose-

mary-flowers, and other delicate colours, which cannot be obtained so beautiful by
other processes.

The herb archil, just named, called especially orceille de ierre, is found upon the
volcanic rocks of the Auvcrgne, on the Alps, and the Pyrenees.

These lichens are gathered by men whose whole time is thus occupied
; they scrape

them from the rocks with a peculiarly shaped knife. They prefer collecting the

orceille in rainy weather, when they are more easily detached from the rocks. They
gather about 2 kilogrammes a day, or about 4^ pounds. When they take their

lichens to the makers of archil or litmus for the purpose of selling them, they submit
a sample to a test, for the purpose of estimating their quality. To this end they

put a little in a glass contiiining some urine, Avith a small quantity of lime. As the

lichens very rapidly pass into fermentation if kept in a damp state, and thus lose

much of their tinctorial power, great care is taken in drying them ; when dry they
may bo preserved without injury for some time.

Archil is perhaps too much used in some cloth factories of England, to tho dis-

credit of our dyes. It is said, that by its aid ^rd of the indigo may be saved in tho

blue vat ; but the colour is so much the more perishable. The fine soft tint induced

upon much of the black cloth by means of archil is also deceptive. One half pound
of cudbear will dye one jxiund of woollen cloth. A crimson red is obtained by
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nddine to the decocUon of arcliil a littlo salt of tin (muriato) and passing the cloth

utoufh the bath after it lias boon prepared by a mordant of tin and tartar. It must

hn jit'terwards passed through hot water. t- -uiP ^ 4.1

D oing\vith archil with the aid of oil has been patented by Mr. Lightfoot on the

.aiuo principle as has been so long used in the Turkey-red cotton dye, who also hus

recoui^e to metallic and earthy bases. See Cudbeak and Litmus.

Under the names of archil carrwme and archU Turple, or French Ficrple, two bril-

liant dyes were introduced about a dozen years ago; these contained the colouring

p inoipios of the lichens in a very pure form. But since the introduction of the bril lanl

Sstable colours derived from coal-tar, archil and the other dye-stuffs yielded by

lichens have greatlv fallen into disuse.
, . , . , ti

ARCHITECTU»E. The art of constructing buildings, which involves tho con-

sideration of very dissimilar points.

1. Utility,—as it regards any specified object, as

—

a. Domestic accommodation in a dwelling-house. .

b. Acoustic arrangements in aU buildings intended for public purposes. Ihis

consideration is entirely lost sight of by many modern architects.

c. Ventilation, which is a matter upon which a very large amount of empiri-

cism has been expended with exceedingly small results.

2. Durability.—If we examine the walls of our mined abbeys and castles, wo

shall find that the stones employed still retain the marks of the workman's tool
;
and

that in numerous cases the ornamental work is as sharp as if it had been executed but

yesterday. This should prove to us that the selection of stone was of great importance.

AHDZIZfT SPIRITS—called formerly Aqua ardens—sirQ the spirituous products

of a considerable variety of fermentable substances. The term is more strictly

applicable to those spirits which, by careful distillation, have been deprived of a

largo quantity of the water in combination. Eectified spirit is alcohol with 1 6 per cent,

of Avater, Proof spirit is 5 pints of rectified spirit with 3 pints of distilled water.

a-RECA. A genus of palms, containing two species—1. The Areca catechu, pro-

ducing the betel nut, which is so universally chewed in the East Indies. 2. The

Areca oleracea, or cabbage-palm ; the cabbage is eaten in tho West Indies, both raw

and boiled; and the trunk, which is often 100 feet long, is used in Jamaica for water-

pipes, which are said to become, when buried, almost as hard as iron.

A. catechu is one of tlie most beautiful palm-trees growing in India. It is chiefly

cultivated in Malabar, Ceylon, and Sumatra. One tree will produce, according to

situation, age, and culture, from 200 to 800 nuts. See Acacia Catechu.

AREOMETER. An instrument to measure the densities of liquids. (See Alco-

iioLOMETKY.) Tlio principle will be well understood by remembering that any solid

body will sink further in a light liquid than in a heavy one. The areometer is usually

a glass tube, having a small glass bulb loaded with cither shot or quicksilver, so as to

set the tube upright in any fluid in which it will swim. Within the tube is placed a

graduated scale : we will suppose the tube placed in distilled water, and the lino cut

by the surface of the fluid to be marked ; that it is then removed and placed in strong

alcohol—the tube will sink much lower in this, and consequently we shall have two
extremities of an arbitrary scale, on which we can mark any intermediate degrees.

The areometer of Baume is used in Trance, and tho following scale is adopted by
the French chemists :

—

Specific Chravity Numbers corresponding with Bawne's Arcometrio Degrees.

Liquids denser than "Water Less dense than "Water

De- Specific De- Specific De- Specific De- Specific De- Specific
grees Gravity grees Gravity grees Gravity grees Gravity grees Gravity

0 l-OOOO 26 1-2063 52 1-5200 10 1-0000 36 0-8488
1 1-0066 27 1-2160 53 1-5353 11 0-9932 37 0-8439
2 1-0133 28 1-2258 64 1-5510 12 0-9865 38 0-8391
3 1-0201 29 1-2358 55 1-5671 13 0-9799 39 0-8343
4 1-0270 30 1-2459 66 1-6833 14 0-9733 40 0-8295
5 .

1-0340 31 1-2562 57 1-6000 15 0-9669 41 0-8249

6 1-0411 32 1-2667 58 1-6170 16 0-9605 42 0-8202
7 1-0483 33 1-2773 69 1-6344 17 0-9642 43 0-8156
8 1-0556 34 1-2881 60 1-6522 18 0-9480 44 0-8111
9 1-0630 35 1-2992 61 1-6705 19 0-9420 45 0-8066
10 1-0704 86 1'3103 62 1-6889 20 0-9359 46 0-8022
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Liquids tlcnser than Water

Do- Specific De- Speciflo De- Speciflo De- Sixjclflc De- Sijeciflc

prees Gravity grees Gravity greea Gravity grees Gravity gree* Gravity

11 1-0780 37 1-3217 63 1-7079 21 0-9300 47 0-7978

12 1-0857 38 1-3333 04 1-7273 22 0-9241 48 0-7935

13 1-0935 39 1-3451 65 1-7471 23 0-9183 49 0-7892

14 1-1014 40 1-3571 66 1-7674 24 0-9125 60 0-7849

15 1-1095 41 1-3694 67 1-7882 25 A .OA/* 0 51 U-70O7

16 ril76 42 1-3818 68 1-8095 26 0-9012 62 0-7766

17 1-1259 43 1-3945 69 1-8313 27 0-8957 53 0-7725

18 ri343 44 1-4074 70 1-8537 28 0-8902 64 0-7684

19 1-1428 45 1-4206 71 1-8765 29 0-8848 55 0-7643

20 1-1515 46 1-4339 72 1-9000 30 A.O TA K0-8795 00 U 7oU4

21 1-1603 47 1-4476 73 1-9241 31 0-8742 57 0-7650

22 1-1692 48 1-4615 74 1-9487 32 0-8690 58 0-752G

23 1-1783 49 1-4758 75 1-9740 33 0-8639 69 0-7487

24 1-1875 50 1-4902 76 2-0000 34 0-8588 60 0-7449

25 1-1968 51 1-4951 35 0-8538 61 0-7411

Less dense tliaii Water

ARBItrACEOVS. (Arena, sand.) Sandy. Eocks composed of particles of sand,

or containing much sand, as the grits and sandstones, are eaid to be arenaceous. If

they contain lime they are called arenaceo-calcareous.

ARGA-Hr OIXi. An oil expressed from the kernels of the Argania Sideroxylon, a

shrub growing in Morocco.

AXtCXIiXiACEOVS. Composed of clay, or clayey. This name is applied to all

rocks composed of clay. If containing also sand or lime, they are distinguished as

argillo-arenaceous or argillo-calcarcous. Ar^Uaceous rocks, when breathed on, have a

peculiar earthy odour, by -which they may be distinguished.

ARGXIiIiACEOirS EAXtTB. {Argilla, clay, Lat.) The earth of clay, called

in chemistry, alumina, because it is obtained in greatest purity from alum. See

AxTJMiKA, China Clay, Clay, Kaolin.

ARGOXi, or AR6AX. (TartrcYv.; Weiustein, Ger.) The tartrate of potash

is known in commerce as the white and red argol ; the white being the crust let faU

by white wines, which is of a pale pinkish colour, and the red the crust deposited

from red wines, and of a dark red colour. See Taetar, Ceeam of Tahtah, &c.

AHICZIO'B. An alkaloid discovered by Pelletier and Corriol in a cinchona bark

from Arica in Peru. It is separated by the same process as quinine.

AAMEIO'IAliI' BOIiE. See Eole.

ARnXENIAIO' STO>7E. ARIVXENZTE. A name formerly given to an earthy

copper ore mixed with limestone, of an azure colour, or to quartz coloured with car-

bonate of copper. See Lapis Lazuli.
_

ARMOXTR-PliATES. Massive wrought-iron plates used for coating ships ot

war The iron for these plates should be as tough and soft as possible ; and steel,

though possessing high tensile strength, -should not be used. It is an object of the

manufacturer to produce a plate of considerable thickness, as it is known that the

resistance of a single solid plate is greatly superior to that of a number of super-

imposed plates of the same aggregate thickness, however carefully the several plates

may have been fastened together. It is difficult, however, an manufacturing thick

plates, to completely squeeze out the liquid cinder interposed between the several

layers of iron which are welded together; and hence armour-plates, when exposed to

the impact of heavy shot, often exhibit a tendency to lamination. The large plates

are manufactured either by rolling in a miU or by forging under the steam-hammer

:

it is said that the structure of a hammered plate is more hkely to be uniform than

that of a rolled plate. 'The desideratum in all armour-plates is that they si all

bulge with the least possible amount of cracking. Large radiating fractures at the

back indicate brittleness, and should immediately condemn a plate. -(P«-cy.)

ARNATTO, ARXiTOTTO, or AKTIffOTTO. (Itocou or roucoic, Fr ;
Orfe««s,

Ger.) A somewhat dry and hard paste, brown without and red ^vithin It is

usually imported in cakes of two or tliree pounds weight, wrapped "^
j^^J^^^^

large reeds, packed in casks, from America, where it is prepared from the seeds of a

cerbiin tree, called the artiaiio tree ; it is the Bixa orellana of Linnaeus

The shrub producing the arnatto is originally a native of South America
,

it is
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now cultivated in Guiana, St. Domingo, and in the East Indies. In tlio • Annalos de

Chimio ' we have the follo-tt-ing descriijtion of tlio arnatto troo :
—

' The tree produces

oblong bristled pods, somewhat resembling those of a chestnut. Those are at first

of a beautiful rose-colour, but, as they ripen, change to a dark brown ; and bursting

open, display a splendid crimson farina or pulp, in which are contained from thirty to

forty seeds, somewhat resembling raisin-stones. As soon as they arrive at maturity,

these pods are gathered, divested of their husks, and bruised. Their pulpy substance,

which seems to be the only part which constitutes the dye, is then put into a cistern,

with just enough water to cover it, and- in this situation it remains for seven or eight

days, or until the liquor begins to ferment, which, however, may require as many
weeks, according to circumstances. It is then strongly agitated with wooden paddles

or beaters, to promote the separation of the pulp from the seeds. This operation is

continued until these have no longer any of the colouring-matter adhering to them
;

it is then passed through a sieve, and afterwards boiled, the ' colouring-matter being

thrown to the surface in the form of scum, or, othervnse allowed to subside : in either

case, it is boiled in coppers till reduced to a paste, when it is made into cakes and
dried.'

Instead of this long and painful labour, wliich occasions diseases by the putrefac-

tion induced, and which affords a spoiled product, Leblond proposed simply to wash
the seeds of the bixa till they are entirely deprived of their colour, which lies

wholly on their sui-face ; to precipitate the colour by means of vinegar or lemon-
juice, and to boil it up in the ordinary manner, or to drain it in bags, as is practised

with indigo.
' The experiments which Vauquolin made on the seeds of thp bixa, imported by
Leblond, confirmed the efficacy of the process which he proposed ; and the dyers
ascertained that the arnatto obtained in this manner was worth at least four times
more than that of commerce ; that, moreover, it was more easily employed ; that it

required less solvent ; that it gave less trouble in the copper, and furnished a purer
coloiu',

Arnatto dissolves better and more readily in alcohol than in water, when it is

introduced into the yellow varnishes for communicating an orange tint.

The decoction of arnatto in water has a strong peculiar odour, and a disagreeable
taste. Its colour is yello-\vish-red, and it remains a little turbid. An alkaline solution
renders its orange-yellow clearer and more agreeable, while a small quantity of a
whitish substance is separated from it, which remains suspended in the liquid. If
arnatto be boiled in water along with an alkali, it dissolves much better than when
alone, and the liquid has an orange hue.

The acids form with this liquor an orange-coloured precipitate, soluble in alkalis,
which communicate to it a deep orange colour. The supernatant liquor retains only
a pale yellow hue.

Wlien arnatto is used as a dye, it is always mixed with alkali, which facilitates its
solution, and gives it a colour inclining less to red. The arnatto is cut in pieces, and
boiled for some instants in a copper with its own weight of crude pearl-ashes, provided
the shade wanted do not require less alkali. The cloths may be afterwards dyed in
this bath, either by these ingredients alone, or by adding others to modify the colour

;

but arnatto is seldom used for woollen, because the colours which it gives are too
fugitive, and may be obtained by more permanent dyes. Hellot employed it to dye a
stuff prepared with alum and tartar ; but the colour acquired had little permanence.
It is almost solely used for silks.

For silks intended to become aurora and orange, it is sufficient to scour them at the
rate of 20 per cent, of soap. When they have been well cleansed, they are immersed
in a bath prepared with water, to which is added a qiuintity of alkaline solution of
arnatto more or less considerable, according to the shade that may be wanted. This
bath should have a mean temperature between that of tepid and boiling water.
When the silk has become uniform, one of the hanks is taken out, washed, and

BTung, to see if the colour be sufficiently full ; if it be not so, more solution of
arnatto is added, and the silk is turned again round the sticks : the solution keeps
without alteration.

_
When the desired shade is obtained, nothing remains but to wash the silk, and give

It two beetlings at the river, in order to free it from the redundant arnatto, which
would injure the lustre of the colour.

When raw silks are to be dyed, tlioso naturally white are chosen, and dyed in the
arnatto bath, which should not bo more than tepid, or even cold, in order that the
alkali may not attack the gum of the silk, and deprive it of the elasticity which it i«
desirable for it to preserve.

"

_

What has now been said regards the silks to which the aurora shades are to ba
^
Vol i"""

^'^ ^""""^^ ^'^''^'''^"^ ^•C'l thai! tUo aurora, it is
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requisite, after dyeing with arnatto, to redden the silks with vinegar, alum, or lemon-
juice. The acid, by saturating the alkali oniployod lor dissolving the arnatto, destroys

the shade of yellow that the alkali had given, and rostox-os it to its natural colour,

which inclines a good deal to red,

Eor the deep shades, the practice at Paris, as Macquer informs us, is to pass the

silks through alum ; and if the colour bo not rod enough, they are passed through a

faint bath of Brazil wood. At Lyons, the dyers who use carthamus sometimes employ

old baths of arnatto for dipping the deep oranges.

When the orange hues havo been reddened -by alum, they must bo washed at the

river ; but it is not necessary to boetlo them, unless the colour turns out too red.

Shades may bo obt^iined also by a single operation, which retain a reddish tint, cm-

ploying for the arnatto bath a less proportion of alkali than has been pointed out.

Guhlicho rocomnionds to avoid heat iu the preparation of arnatto,
_
He directs it to

bo placed in a glass vessel, or in a glazed earthen one ; to cover it with a solution of

pure alkali ; to leave ihe mixture at rest for 24 hours ; to decant the liquor, filter it,

and add water repeatedly to the residuum, leaving the mixture each time at rest for

two or three days, till the water is no longer coloured ; to mix all these liquors, and

preserve the whole for uso in a well-stopped vessel.

He macerates the silk for 12 hours in a solution of alum, at the rate of an eighth of

this salt for one part of silk, or in a water rendered acidulous by the aceto-citric add

above described, and he wrings it well on its coming out of this bath.

Silk thus prepared is put into the arnatto bath quite cold. It is kept in agitation

there till it has taken the shade sought for ; or the liquor may be maintained at a heat

far below ebullition. On being taken out of the bath, the silk is to bo washed and

dried in the shade,
, ., , . . , •• « .v

For lio-hter hues, a liquor less charged with colour is taken ; and a little of the

acid liquor which has served for the mordant may be added, or the dyed silk may be

passed through the acidulous water,
.

, , ^ i . , . ^
We have seen the following preparation emi^loyed for cotton velvet:—1 part ot

quicklime, 1 of potash, 2 of soda,
. v , j j •

.

Of these a ley is formed, in which one part of arnatto is dissolved ; and the mixture

is boiled for an hour and a half. This bath aflFords the liveliest and most brilliant

auroras The bufiP (chamois) fugitive dye is also obtained with this solution,
_

For

this purpose only a little is wanted ; but we must never forget that the colours arising

from arnatto are all fugitive. j -l- -u

Dr John found in the pulp surrounding the unfermented fresh seeds, which are

about the size of Uttle peas, 28 parts of colouring resinous matter, 26-5 of vegetable

eluten 20 of Ugneous fibre, 20 of colouring extractive matter; 4 formed of matters

Laloeous to vegetable gluten and extractive, and a trace of spicy and acid matters.

'

The Gloucestershire cheese is coloured with arnatto, in the proportion of 1 cwt.

to an ounce of the dye : butter is sometimes coloured with it.
_

When used in calico-printing, it is usually mixed with potash or ammonia and

'^Arnatto was considered to contain two distinct colouring-matters, a yellow and red,

t\U it was shown bv M. Preisser that one is the oxide ot the other, and that they may

be obtained by add ng a salt of lead to a solution of arnatto, which precipitates the

iurin-matlr. The lead is separated by sulphuretted hydrogen; and the sub-

sUncr being filtered and evaporated, the colourmg-matter is deposited in small

iystals of a yellow-white colour. These crystals consist of ;
they become

crystals oi
J. ^ dissolved in water they undergo no

ISZ '^^S Imon a sld^^^^^^^^^ with free contact of air,.there is formed

a finfdeep red colour, like arnatto, and a new substance, called h:vezne, is produced,

V t3 rTni crvstailise but maybe obtained as a red powder ;
this is coloured blue,

W4^ctSfan?^^ ^th alkalis ; it is bi.ine with addition of oxygen
hy suipnunc d,wu,

from time to time with stale urine, it

%SL.u.v^ii a duty of 18. ^^^^^1;':.^^. rth^^ratdiz
to 1832 The duty was subsequently reduced to 15. per cwu u
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volatile oil, oil of Arnica; and an alkaline bittor principle, Arnicine. It is used

occasionally in medicine.
v rm • •

i j> ,

AROMATIC VIlffEOAR. {Acetum aromaticum.) This is a compound of strong

acetic acid with certain powerful essential oils or aromatic herbs. The 'Edinburgh

Pharmacopoeia' orders it to be made with concentrated acetic acid, 1^ pints
;
rosemary

and thymo dried, of each 1 oz. ; lavender, also dried, i oz. ;
cloves, bruised, ^ drachm.

Macerate for seven days, strain, and express strongly, and filter the liquor. Henn/s

aromatic vinegar is prepared by dissolving oils of cloves, lavender, rosemary, and the

like, in concentrated acetic acid. Camphorated acetic acid is sometimes substituted for

the 'acetum aromaticum. These preparations have been in great repute as prophy-

lactics in contagious fevers. The name of ' Le vinaigre des quatre voleurs has been

given to aromatic vinegar in Prance—it is said from the confessions of four thieves

who, during the plague at Marseilles, plundered the dead bodies with perfect impunity

after protecting themselves with aromatic vinegar.

ARQUERITX!. A silver amalgam from the mines of Arqueros, near Coquimbo.

It occurs crystalline. Domeyko finds it to consist of silver 86-49, mercury 13-51.

ARRACK. A spirituous liquor from the East Indies. This term, or its corrup-

tion, rack, is applied to any spirituous liquor in the East. The true arrack is said to

be distilled from toddy—t\iQ fermented juice of the cocoa-nut tree. It_ is, however,

'

frequently distilled from rice and sugar, fermented with the cocoa-nut juice.

ARROBA. A measure of capacity and weight in general use throughout all

those parts of South America which ever belonged to Spain. It is also used in

Manilla and the East. According to Spanish standard weight it should be_25-36 lbs.

English. As a wine measure it is equal to 3-54: imperial gallons ; as an oil measure

it is but 2-78 imperial gallons.

ARROPE. Sherry boiled to a syrup ; used for colouring other wines.

ARROWROOT. (Bacine flechiere, Er.
;

Pfeilwurz, Ger.) The rhizome of the

Maranta arimdinacea, a plant which grows in the "West Indies, and furnishes, by
pounding in mortars, and elutriation through sieves, a peculiar species of starch, com-

monly, but improperly, called arrowroot. It is reckoned more nourishing than the

starch of wheat or potatoes, and is generally also freer from peculiar taste or flavour.

The fresh root consists, according to Benzon, of 0-07 of volatile oil ; 26 of starch (23

of which are obtained in the form of powder, while the other 3 must be extracted

from the parenchyma in a paste by boiling water); 1-58 of vegetable albumen; 0-6

of a gummy extract ; 0-25 of chloride of calcium ; 6 of insoluble fibrine ; and 65-5 of

water. This plant was brought from the Island of Dominica, by Colonel James
Walker to Barbadoes, and there planted. From thence it was sent to Jamaica, The
root appears to have been used by the Indians to yield a poison with which to smear
their arrows, and hence its name.

This plant has been lately cultivated with groat success, and its root manufactured
in a superior manner, upon the Hopewell estate, in the Island of St. Vincent, It

grows there to th(y height of about 3 feet, and it sends down its tap roots from 12
to 18 inches into the ground. Its maturity is known by the flagging and falling

down of the leaves, which takes place when the plant is from 10 to 12 months old.

The roots being dug up with the hoe, are transported to the washing-house, where
they are thoroughly freed from all adhering earth, and next taken individually in

the hand, and deprived by a knife of every portion of their skins, wliile every
unsound part is cut away. This process must be performed with great nicety, for

the cuticle contains a resinous matter which imparts colour and a disagreeable flavour

to the fecula which no subsequent treatment can remove. The skinned roots are
thrown into a large cistern, with a perforated bottom, and there exposed to the action
of a copious cascade of pure water till this runs off quite unaltered. The cleansed
roots are next put into the hopper of the mill, and are subjected to the powerful
pressure of two pairs of polished rollers of hard brass, the lower pair of rollers being
set much closer together than the upper. (See fig. 74.) The starchy matter is thus
ground into a pulp, which falls into the receiver placed beneath, and is thence trans-

ferred to large fixed copper cylinders, tinned inside, and perforated at the bottom with
numerous minute orifices, like a kitchen drainer. Within these cylinders, wooden
paddles are made to revolve with great velocity, by the power of a water-wheel, at
the same time that a stream of pure water is admitted from above. The paddle-arms
beat out the fecula from the fibres and parenchyma of the pulp, and discharge it in
the form of a milk through the perforated bottom of a cylinder. This starchy water
runs along pipes, and then through strainers of fine muslin, into large reservoirs,
where, after the fecula has subsided, the supernatant liquid is drawn off, and
fresh water being let on, the whole is agitated and left again to repose. When
the water ceases to remove anything from the arrowroot, all the deposits of fecula
are collected into one cistern, covered, and agitated with a fresh charge of Apater and

p2 -
'
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loft until tlio foUowiug morning. Tlio water boing allowed to run off, tlio surface

of tho deposit is carefully scraped with Gorman-silver palette-knives, to relnovo

any impure or coloured parts, and the lower jjortions only are dried and prepared

for tho market. Tho gi-eatest care is Uikou in drying; and when dry, tho focula is

packed in tin-cases for oxportiition.

Fig. 74, plan of arrowroot gi-inding mill, and two sets of copper cylinder

1 u J u a

(
i°

[J P
i

a :i a u a a u u a

washing-machines, ^^-ith the connecting machinery for dmmg them, the washmg-

agitntor being driven from the connecting shaft ^nth. leathern belts. F,^. 75, end-

elevation of copper washing-cylinder, with press framing. &c The washnig-cybnders

are 6^ feet long and 3^ in diameter. Tlie mill rollers are 3 feet long and 1 foot m
diameter. Fig. 76, end-elovation of arrowroot null, with wheels and pimons, dis-

engaging lever, &c.
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Arrowroot is brought into the market from Bermuda, St. Vincent, Jamaica, Brazil,

Uio East Indies, Natal, and Sierra Leone. It is subject to a duty of is. per cwt. The

Bermuda arrowoot was in 1865 sold wholesale at 1«. 2d.

the pound, the other sorts varying from 2|(Z. to Gd.

The uses of arrowroot are too well known and acknow-

ledged to require recounting here. It is the most elegant

and the richest of all the feculas. Liebig places the

powers of arroTOOot, as a nutriment to man, in a very re-

markable point of view, when he states that 16 pounds of

flesh contain no more carbon for supplying animal heat

by its combustion into carbonic acid in the system than 4

pounds of starch ; and that if a savage, with one animal

and an equal weight of starch, could maintain life and

health for a certain number of days, he would be compelled,

if confined to flesh alone, in order to procure the carbon

necessary for respiration during tho same time, to consume five such animais. All

the starches are readily converted into sugar and fat, but they are low in their flesh-

producing power.

In commerce, tho term arrowroot is frequently used gencrically to indicate a starch

or fecula, as :

—

East India arrowroot, prepared from the Curcuma angustifolia.

Brasilian arrowroot or Cassava, the fecula of Jatropha manihot. English arrowroot,

the starch of the potato {Solajium tuberosum). Portland arrowroot, a white
amylaceous powder, formerly prepared in the Isle of Portland, from the Arum
maculatum, the common Cuckoo-pint, called also Wake-robin and Lords and Ladies.

Tahiti arrowroot, the fecula of Tacca oceanica, which has been imported into London
and sold as ' arrowroot prepared by the native converts at the missionary stations in
tho South Sea Islands.'

The presence of potato-starch in arrowroot, with which it is often adulterated,

may be discovered by the microscope. Arrowroot consists of regular ovoid particles

of nearly equal size, whereas potato-starch consists of particles of an irregular ovoid
or truncated form, exceedingly irregular in their dimensions, some being so large as
Tjifjth of an inch, and others only j^th. Their surfaces in the arrowroot are
smooth and free from the streaks and furrows to be seen in tlie potato-particles by a
good microscope. Tho arrowroot, moreover, is destitute of that fetid unwholesome
oil extractable by alcohol from potato-starch. But the most convenient test is dilute
nitric acid of TIO (about tho strength of single aquafortis), which, when triturated in
a mortar with the starch, forms immediately a transparent, very viscid paste or jelly.

Flour-starch exhibits a like appearance. Arrowroot, however, forms an opaque
paste, and takes a much longer time to become viscid.

ARSEITATES. Compounds of arsenic acid with alkaline and metallic bases.
ARSEltrxc, derived from the Greek apffivinhv, masculine, a name applied to orpi-

mcnt on account of its potent powers. Arsenic occurs native, in veins, in crystalline
rocks, and the older schists

; it is found in the state of oxide, and also combined with
sulphur, when it is known under tho names of yellow and red arsenic {orpimcnt and
rralgar). Arsenic is associated with a great many metallic ores ; in this country chiefly
with those of tin, but on tho Continent arsenical cobalt is tho chief source of the
compounds of arsenic.
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The following are the principal ores of arsenic:—
Jyative Arsenic.—-The most common form of native arsenic is tliat of roniform and sta-

lacti tic masses, often mammillated, and splitting off in tliin successive layers like those
of a shell. It possesses a somewhat metallic lustre, and a tin-wliito colour and streak,
which soon tarnislies to a dark grey. Its specific gravity is 5-93. Before the blow-
pipe it gives o\it an alliaceous odour, and A'olatiliscs in white fumes. It is found in
the silver mines of Freiberg, Annaberg, Marionberg, and Schneeberg in Saxony ; also at
Joachimstahl in Bohemia, Andrcasberg in tlie Hartz, Kapnik in Transylvania, Orawitza,
in the Eannat, Kongsberg in Norway, ZimoofFin Siberia, in Alsace, in Borneo, and,
according to Dana, at Haverhill, and at Jackson, N. H. in the United States.

Arsenical Antimony/.—This mineral occurs at AUemont; also at Przibram in
Bohemia, where it occurs in metallic veins associated with blende, antimony, and
spathic iron ; at Schladming in Styria ; and Andreasberg in the Hartz. Its com-
position is :—Arsenic, 63'62

;
antimony, 36'38. When exposed to the action of the

blowpipe, this mineral emits fumes of arsenic and antimony; and fuses to a metallic

globule, which takes fire and burns away, leaving oxide of antimony on the charcoal.

White Arsenic or Arsenious Acid (Arsenolite) is often formed by the decomposition
of other arsenical ores, and is composed of arsenic 7576, and oxygen 24'24. It occurs

either in minute radiating capillary crystals and crusts investing other substances, or

in a stalactitic or botryoidal form. Before the blowpipe it volatilises in white fumes

:

in the inner flame it blackens and gives out an alliaceous odour ; its specific gravity is

3'69. It is white, sometimes with a yellowish or reddish tinge, and has a silky or

vitreous lustre. It possesses an astringent, sweetish taste.—H. W. B.

Realgar (anciently called Sandaraca), red orpiment, or ruby sulphur, is a sulphide

of arsenic, h-arving a composition, sulphur 29'91, arsenic 70'09 =AsS' (As'S^). It

occurs in Hungary, Saxony, Switzerland, and China.

Orpiment (a corruption of its Latin name, atiripigmentum—golden paint), yellow

sulplude of arsenic : its composition is, sulphur 39, arsenic 61 = AsS^ (As^S'.) Burns
with a blue flame on charcoal, and emits fumes of sulphur and arsenic. Dissolves

in nitro-muriatic acid and ammonia. It is found in Hungary, the Hartz, &e.

Both realgar and orpiment are artificially prepared and used as pigments. See

Orpiment, Eeaxg^ve.

Absenic is a brittle metal, of an iron-grey colour, with a good deal of brilliancy.

It may be prepared by triturating arsenious acid, or the white arsenic of com-

merce, with black flux (charcoal and carbonate of potash), and subliming in a tube.

If arsenical pyrites be ignited in close tubes, metallic arsenic sublimes, and sul-

phuret of iron remains. This metal, when exposed in the air, gradually absorbs

oxygen, and falls into a grey powder (suboxide). This is sold on the Continent as

Jig-powder.

To prepare arsenic on a larger scale, mispickel, or the other ores employed, are

pounded ; some pieces of old iron are mixed with the ore, to retain the combined

sulphur, and the mixture placed in retorts between four and five feet in length, to

which receivers are adapted. The retorts are moderately heated by a fire placed

beneath them ; the ores are decomposed, and metallic arsenic is sublimed and con-

densed in the receivers. The arsenic obtained in this way is purified by a second

distillation with a little charcoal. The atomic weight of arsenic is 75 ; its

symbol As.

. Arsenic is used in small quantities in the preparation of several alloys; whilst

arsenious acid is employed in the manufacture of opal glass ; and is much used in the

manufacture of shot, to which the reduced arsenic imparts a certain degree of hard-

ness ; and, by preventing the distortion of the falling drops of metal, and thus securing

regular globules, the manufacture is greatly facilitated. It is also used inpyrotechny.

ARSENIC ACID. AsO^ 3H0 (K'AsO*). This acid was first produced on a

large scale by M. G. Kopp. He employs nitric acid to convert arsenious acid by

oxidation into arsenic acid, and by passing the nitrous acid fiunes evolved, together

with air, over coke moistened with water, he recovers two-thirds or three-fourths of

the nitric acid employed. The proportions he adopts are 303 kilogrammes {nearly

2| lbs. avoirdupois each) of nitric acid of 1-35 sp. gr. to 400 kilogrammes of arsenious

acid, and by adding the nitric acid gradually, the oxidising action may bo accomplished

without the application of heat.

Arsenic acid is now almost universally employed in the manufacture of Rosamline,

and is therefore an article of great consumption. It is also largely used for the white

discharge of Turkey red.

M. Kopp has noticed, that without any injury to the general health, a natural ten-

dency to stoutness was produced whilst working with arsenic acid. In the course of

ten weeks, while engaged on experiments with arsenic acid.M. Kopp himself increased

in weight considerably more than twenty pounds, which he lost again when the expe-
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rimonts wcro concliidocl. Tho workpeople engaged in the manufacture of Eosaniline

are similarly affected.
^ .

Arsenate of Potash is prepared, m tho small way, by exposing to_ a moclorato heat,

in a crucible, a mixture of equal parts of white arsenic and nitro in powder. After

fusion the crucible is to bo cooled ; tho contents being dissolved in hot water, and the

solution filtered, will afford regular crystals on cooling. It is an acid salt, usually

called the binarsenate of potash. This article is prepared upon a great scale, in

Saxony, by melting nitre and arsonious acid together in a cylinder of cast-iron. A
neutral arsenate also is readily formed by saturating the excess of acid in the above

salt with potash ; it does not crystallise. The acid arsenate is occasionally used in

calico-printing, for preventing certain points of the cotton cloth from taking on the

mordant ; with which view it is mixed up Avith gum-water and pipe-clay into a paste,

which is applied to such places with a block.

Arsenate of Soda.—An acid arsenate of soda, prepared by heating white arsenic and

nitrate of soda, is now used in calico-printing.

ARSENIC, SUXiPKIDES OP. See Oepiment ; Reaigae.
ARSEIVIXiIiO. Ground atacamite, or native oxychloride of copper, sometimes

used in Chili as sand for letters.

ARSEXriOU'S ACID. White Arsenic, Flowers of Arsenic. AsO' (Ab'O').—
This is the white arsenic of commerce, usually called Arsenic. It is obtained ,in this

country from the arsenical ores of iron, tin, &c., and on the Continjent from those of

cobalt and nickel. It is prepared by heating the ores containing arsenic on the sole

of a reverberatory furnace, through which a current of air, after passing through the

grate, is allowed to play. The following ores are the more remarkable of this class

—the quantity of arsenic in 100 parts is given in each case.

MispicJcel, or arsenical iron 42 "88

Lolingite, arsenical pyrites 65'88

Kupfernickel, arsenical nickel .... 54*73
Bammelsbergite, white arsenical nickel , . 72"64:

Smaltine, tin-white cobalt 74'22

Safflorite, arsenical cobalt 70 "3 7

In the roasting of tin ores, a considerable quantity of arsenious acid is collected in

the flues leading from the furnaces in which this process is effected.

The extraction of white arsenic from the cobalt ores is performed at Altenberg and
at Eeichenstein, in Silesia, with an apparatus excellently contrived to protect the
health of the smelters from the vapours of this poisonous sublimate.

Figs. 77 to 80 represent the arsenical furnaces at Altenberg. Fig. 77 is a vertical
section of the poison tower ; Jig. 78, a longitudinal section of the subliming
furnace a, with the adjoining vault b, and the poison tower in part at n; fig. 79, the
transverse section of the furnace A, of fig. 78 ; fig. 80 ground-plan of the furnace a,
where the left half shows the part above, and the right the part below the muffle or
oblong retorts ; b' is the upper view, b" the ground plan of the vault b, of fig. 78

;

m, n, the base of the poison tower. In the several figures the same letters denote the
same objects ; a is the muffle ; b is its mouth for turning over the arsenical schlich, or
ground ore

; c, c, c, fire-draughts or flues
;
d, an aperture for charging the muffle with

fresh schlich; e, the smoke chimney; /, two channels or flues for the ascent of the
arsenious fumes, which proceed to other two flues g, and then terminate both in h,
which conducts the fumes into the vault b. They issue, by the door i, into the con-
duit k, thence by I into the spaces m, n, o, p, q, r, of the tower. The incondensable
gases escape by tho chimney .<t. The cover t is removed after completion of the
process, in order to push down the precipitate into the lower compartments.
The arsenious schlichs, to the amount of 9 or 10 cwt. for one operation (1 roast-

post, or roasting round), are spread 2 or 3 inches thick upon the bottom of the muffle,
and heated with a brisk fire to redness, then with a gentler heat, in order to oxidise
completely, before subliming, the arsenical ore. With this view the air must have free
entrance, and the front aperture of the muffle must be left quite open. After 11 or 12
hours, the calcined materials are raked out by the mouth of the muffle, and fresh
ones are introduced by the openings indicated above, which are closed during the
sublimation.

_

Tho arsenious acid found in these passages is not marketable till it be resublimed
in large iron pots, surmounted with a series of sheet-iron drums or cast-iron cylinders
upon tho sides of which the arsenic is condensed in its compact glassy form The tox»
cylinder is furnished with a pipe which terminates in a condensing chamber

Figs. 81, 82, represent the arsenic-refining furnaces at Eeichenstein. Fia 81 showsat a, a vertical section of tho furnace, the kettle, and tho surmounting 'drums or
cylinders; over b it is seen m elevation; /y. 82 is a ground-plan of tho four fire-
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places, a is tho grato
;

h, tho asli-pit
;

c, tho oponiiif?s for firing
; d, tlio fire-placo

;

e, iron pots or kettles wliicli aro cliargod with the arsonious powder
; /, the firo-flues

proceeding to the conimon chinincj-^'; h

iron cylinders ; i, caps ; k, pipes leading to

the poison-vent I ;
m, openings in the pipes

for introducing the probing-'svires.

The conduct of the process is as follows :

The pot is filled nearly to its brim with

3^ cwt. of the arsenic meal ; the cylinders

are fitted on by means of their handles, and

luted together with a mixture of loam,

blood, and hair; then is applied first a

gentle, and after half an hour, a strong

fire, whereby the arsenic is raised partly

in the form of a white dust, and partly in

crj'stals ;
which, by the continuance of the

heat, fuse together into ahomogeneous mass.

If tho fire be too feeble, only a sublimate

is obtoinod • but if too violent, much of tho arsenic is volatilised into the pipes. The

^orkmenti'dg^ by the heat of the cylinders whether tho operation be goang on well or
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.„,. Aflor n ,.„,,. ft. furnace is

fXt,T.T^f:t^ :^f'°-S'Z^Z

glass IS aotacnoa irom t

wei"'ht of the Rlass or enamel. Should any

"Tn ttL'oiSonllf any sulphur is present it is converted into sulphurous acid,

whkh SSpe through the chimney, while the arsenious acid is condensed m proper

SmberTplLed^^^ flues to receive it. Freshly prepared arsenious acid is a

^Sy tJansparent solid mass; but by exposure it becomes transformed into an

in the preparation of various pignien^, as the

biZlnhide or realgar, the tersulfUdc, or orpiment, and also in the mineral greens

S b^Vper stine« It has been stated that paper stained with the arsenica

Zns I injurious to health. Very much has been said on ^l^^^ .«^^J^<^ '

following remarks by Mr. Alfred Fletcher appear to set le the question ^oj; ^ is

tet^d that in a medical work an instance is noted in which injuiy ha^ been received

bv those living in rooms decorated with these colours : surely, were the proximity ot

s^ch materials injurious, it would not be necessary to search in recondite books for

he re^stry of isolated cases. The fact of the large extent which such materials

have always been employed is a suificicnt proof that there is no danger attending

their use ; moreover, workmen who have been daily employed for many years m manu-

facturing large quantities of these colours, under the necessity of constantly handling

them, a?e in the regular enjoyment of perfect health though exposed also to the

general influences of a chemical factory. Let blame be laid at the right door, and let

the public be assured that it is not the looking at cheerful wa Is, the fingering ot

brightly ornamented books, nor the wearing of tastefully coloured clothing, that will

hurt them, but the dwelling in ill-ventilated rooms.'
_ . , •^ t

Arseniie of Copper.— ScJwele's green is a combination of arsenious acid witU oxide ot

copper, or an arsenite of copper. See Scheele's Gbeen.

Ahsekic, PoisonixXG by.—This poison is so commonly the cause of death, by

accident and by design, that it is important to name an antidote which has been em-

ployed with very great success.
.

This is the hydratcd peroxide of iron. This preparation has no action on the

system, and it may therefore be administered as largely and as quickly as possible.

The following statement will render the action of this hydrated salt intelligible.

When hydrated peroxide of iron is mixed in a thin paste vnth. the solution of arse-

nious acid, this disappears, beingchanged into arsenic acid (a far less active oxide), and

the iron into protoxide, 2Fe^ 0' and As 0^ producing 4Fe 0 -i- As 0^ The hydrated

peroxide of iron may bo made in a few minutes by adding carbonate of soda to

any salt of the red oxide of iron (percliloride, acetate, &c.). It need not be washed,

as the liquor contains only a salt of soda, which would be, if not beneficial, certainly

not injurious.

—

Kane.

Detection of Arsenic in Cases of Poisoning.

Arsenious acid, which is almost always the forni in which the arsenic has entered

the system, possesses the power of preventing the putrefaction of animal substances

;

and hence the bodies of persons that have been poisoned by it do not readily putrefy.

The arsenious acid combines with the fatty and albuminous tissues to form solid

compounds, which are not susceptible of alteration under ordinary circumstances.

It hence has frequently occurred that the bodies of persons poisoned by arsenic

have been found, long after death, scarcely at all decomposed ; and even where the

general mass of the body had completely disappeared, the stomach and intestines

had remained preserved by the arsenious acid which had combined with them, and

by its detection the crimes committed many years before have been brought to light

and punished.—ifanc.
The presence of arsenic may be determined by one of the following methods

1. Portions of the contents of the stomach or bowels being gently heated in a glass

tube, open at both ends, the arsenic, if in any quantity, ynW be sublimed, and collected

as minute brilliant octahedrons of arsenious acid.

2. Or if the ignition is efibcted in a tube closed at one end, metallic arsenic sub-
limes, forming a stcel-grey coat, and emitting a strong smell of garlic.

3. Ammoniacal Nitrate of Silver produces a canary-yellow precipitate of arsenite of
silver in a solution of arsenious acid. The tribasic phosphate of soda produces a
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yollow precipitate of tribasic pliosphato of silver, which exactly rcsomblos tlw
arsonito. The phosphate is, hoM'ovor, the more soIuIjIo in ammonia, and whon heated
gives no volatile product ; Avhile the arsonite is docomposod into white arsenic and
oxygon, leaving metallic silver behind.

4. Amvioniacal Sulphate of Copper produces a fine apple-green precipitate of
arsonito of copper, which is dissolved in an excess of either acid or ammonia. It
IS, however, uneortuin, unless the precipibit^ bo dried and reduced.

fl. The Reduction Test.—Any portion of the suspected matter, being dried, is mixed
with equal parts of cyanide of pot^issium and carbonate of pot^ish, both dry. This
mixture is to bo introduced into a tube terminating in a bulb, to which heat is
applied, whon metallic arsenic sublimes.

6. Marsh's Test.—This is one of tlio most delicate and useful of tests for this poison,
and when performed with due care there is little liability to error. The liquW con-
tents of the stomach, or any solution obLiined by boiling the contents, is freed as

much as possible from animal

through the other the bent tube c, which is expanded at e into a bulb about an
inch in diameter. This bulb serves to collect the particles of liquid which are thrown
up from the contents of the bottle, and which drop again into the latter from the
end of the tube. The other end of the tube is connected, by means of a cork, with the
tube d, about six inches long, which is filled with fused chloride of calcium, free from
powder, destined to retain the moisture. In the opposite end of the tube d is fixed,

air-tight, another tube, e, made of glass free from lead, 12 inches long, and, at most,

pth of an inch in internal diameter. It must be observed that the funnel-tube d is

indispensably necessary to introduce the fluid to the pieces of perfectly pure metallic

zinc already placed in the bottle. Hydrogen gas is at once formed, and if arsenic bo

present, in even the smallest quantity, it combines with the hydrogen, and escapes

as arseniuretted hydrogen. If the gas as it issues from the jet is set on fire, no

product but water is generated if the hydrogen be pure ; and by holding against the

flame a cold white porcelain basin, or piece of glass, or of mica, no steam is produced,

and a dew is formed upon the cold surface. If arsenic be present, a deposit is ob-

tained, which, according to the part of the flame in which the substance to receive it

is placed, will be either a brown stain of metallic arsenic, or a white one of arsenious

acid. If the qiiantity of arsenic is too small to be detected in this way, it will be well

to ignite the horizontal part of the tube. All the arseniuretted hydrogen will, in

passing that point, become decomposed, and deposit its arsenic. The heat will drive

this forward, and a little beyond the heated portion metallic arsenic will be con-

densed. Several precautions are necessary to be observed ; but for the details of

those we must refer to works especially directed to the consideration of this subject.

One source of error must, however, bo alluded to. A compound of antimony and

hydrogen is formed under similar circumstances ; and this gas in many respects re-

sembles the compound of arsenic and hydrogen. If the stain formed by the flame

is arsenic, it will dissolve, when heated, in a drop or two of sulpho-hydride of am-

monia, and a lemon-yellow spot is left ; if antimony is present, it leaves a yellow

stain.— Wohler.

If a drop of bromine is placed on a saucer, and a capsule containing arsenical.spots

inverted over it, the spots take a very bright lemon-yellow tinge in a short time. Anti-

monial spots, under the same circumstances, are acted on much more rapidly (in about

flve seoonds at a temperature of 52° F.), and assume an orange sliade. Both become

colourless if exposed to the air, and are again restored if treated with a strong solu-

tion of sulphuretted hydrogen. The secondary yellow of the arsenical spots, as

observed by Lassaigne, disappears on the addition of ammonia, whilst that of the an-

timonial spots remains untouched. A concentrated solution of iodato of potash turns
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Fig. 83 is the best form
for Marsh's apparatus:— a
is a bottle capable of holding

half, or, at most, a pint. Both
necks are fitted with new
perforated corks, which must
be perfectly tight. Through
one of these the funnel-tube

b is passed air-tight, and

matter by any of the well-

known methods for doing so.

This fluid is then rendered

moderately acid by sulphuric

acid, and introduced into a
bottle properly arranged.
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jirsonical spots of a cinnamon-red and dissolves them ahnost immediately. On anti-

monittl spots it has no visible action Avithin three or four hours. Solutions of tho

hvDOchlorites (chlorides) of soda and lime and chlorine-water dissolve arsenical spots

instantaneously, leaving those of antimony, A concentrated solution of the chlorate

of potash gradually acts upon arsenical spots, but not upon those of antimony. The

nitroprusside of potassium, on tho other' hand, slowly dissolves antimony, producing

no perceptible eflfect upon arsenic. The statement of Bischoff, that arsenical spots

were soluble, antimonial insoluble, in a solution of the chloride of sodium, could not

bo verified, as, after repeated trials, it was found to leave both not perceptibly affected.

The chloride of barinm, the hypochlorato and the sulphite of ammonia, afforded like-

wise no distinguishing action. The nitrate of ammonia dissolves arsenical more rapidly

than antimonial stains. Of these reactions the most decisive are those of iodate of

potash, hypochlorites of soda and lime, and fresh chlorine-water.

It is well known that fluids mixed with glutinous matter are very liable to froth up

when hydrogen is disengaged in them, from tho mutual action of zinc and a dilute

acid ; and that the froth obstructs the due

. performance of the experiment of Marsh.

A committee appointed by the Prussian

Government contrived an ingenious modi-

fication of Marsh's apparatus, the annexed

form {fig. 84) representing a convenient

simplification of it by Dr. Ure :

—

a, is a

narrow glass cylinder, open at top, about

10 inches high, and l|or 1| inch diameter

inside ; b is a glass tube, about 1 inch dia-

meter outside, drawn to a point at bottom,

and shut with a cork at top. Through the

centre of this cork the small tube c passes

down air-tight, and is furnished at top with

a stopcock, into which the bent small tube

of glass (without lead) e is cemented. The
bent tube r is joined to the end of b with a

collar of caoutchouc, or a perforated cork,

which will be found more convenient.

The manner of using this apparatus is

as follows :—^Introduce a few oblong slips

of zinc, free from arsenic, into b, and then

insert its air-tight cork with the attached

tubes. Having opened the stopcock, pour

into A as much of the suspected liquid,

acidulated with dilute hydrochloric or sul-

phuric acid (each pure) as will rise to tho

top of the cork, after b is full, and imme-
diately shut the stopcock. The generated

hydrogen will force down the liquid out of the lower orifice of b into A, and raise the

level of it above the cork. The extremity of the tube F being dipped beneath tho

surface of a weak solution of nitrate of silver, and a spirit-flame being placed a little

to the left of the letter e, the stopcock is then to be slightly opened, so that the gas

which now fills the tube b may escape so slowly as to pass off in separate small bubbles

through the silver-solution. By this means the whole of the arsenic contained in tho

arseniuretted hydrogen will be deposited either in the metallic state upon the inside

of the tube e, or with the silver in the characteristic black powder. The first charge

of gas in b being expended, the stopcock is to be shut till the liquid be again ex-

pelled from it by a fresh disengagement of hydrogen. The ring of metallic arsenic

deposited beyond e may be chased onwards by placing a second flame under it, and
thereby formed into an oblong brilliant steel-like mirror. It is evident that by tho

patient use of this apparatus the whole arsenic in any poisonous liquid may be
collected, weighed, and subjected to every kind of chemical verification. If f be
joined to e by means of a perforated cork, it may readily be turned about, and its

taper point raised into a position such as when the hydrogen issuing from it is kindled,
the flame may be made to play upon a surface of glass or porcelain, in order to produce
the arsenical mirror,

7. Reinsch's Test.—Professor Reinsch proposed an entirely different method of
detecting arsenic, which consists in acidulating any suspected fluid with hydrochloric
acid, heating in it a thin plate of bright copper, upon which tho arsenic is deposited in
tho form of a thin metallic crust, and then separating the arsenic from the copper in
tho state of oxido by subjecting tho copper to a low red heat in a glass tube. Organic



'220 ARSENIOUS ACID

fluids and solids siispectod to contain arsenic, may bo prepared for this purpose byboihng them for half an liourwith a little hydrochloric acid; solid matters being cut
into small shreds, water being added in sufficient quantity to let the ebullition go on
quietly, and caro being taken to continue the boiling until the solids are either dis-
solved, as generally happens, or are reduced to a state of minute division.
The method of Eoinsch is exceedingly delicate, for it is adequate to detect a

250,000th part of arsenic in a fluid. It is also perfect in another respect : it does not
leave any arsenic in the subject of analysis

;
none, at least, which can be detected by

any other means, oven by the most delicate process yet proposed, that of Mr
Marsh.

Cut the copper on which tho arsenic is deposited into small chips, so that they
may be easily packed in the bottom of a small glass tube, and apply a low rod heat,
A white crystalline powder sublimes ; and if this bo examined in tho sunshine, or
with a candle near it, a magnifier of four or five powers will enable tho ol)scrver to
distinguish the equilateral triangles composing the facets of the octahedral crystals,

which are fonnod by arsenious acid when it sublimes. Sometimes tho three equal
angles, composing a corner of tho octahedron, may be seen by turning tho glass in.

various directions. If triangular facets cannot be distinguished, owing to the minute-
ness of tho crystals, then shake out the copper chips, close the open end of the tube
with the finger, and heat tho sublimed powder over a very minute spirit-lamp flame,

chasing it up and down the tube till crystals of adequate size are formed. Next boil

a little distilled water in the tube over tho part where the crystalline powder is

collected; and when the solution is cold, divide it into three parts, to be tested

with ammoniacal nitrate of silver, ammoniacal sulphate of copper, and sulphuretted
hydrogen, either in the state of gas or dissolved in water.

8. Fieitmann's Test.—K a solution containing arsenic be mixed with a largo excess

of concentrated solution of potassa, and boiled with fragments of granulated zinc,

arseniuretted hydrogen is evolved, and may be easily recognised by allowing it to

pass on to a piece of filter paper spotted over with solution of nitrate of silver. These
spots assume a purplish-black colour, even when a small quantity of arsenic is present.

This experiment may be performed in a small flask, furnished -with, a perforated

cork carrying a piece of glass tube of about ^ inch diameter. It will be observed

that this test serves to distinguish arsenic from antimony.

The following remarks on the Toxicological Discovery of Arsenic deserve atten-

tion :

—

' This active and easily administered poison is fortunately one of those most easily

and certainly discovered ; but the processes require great precaution to prevent mis-

taken inferences : if due care is taken, arsenic can be found after any lapse of time, as

well as after the most complete putrefaction of the animal-remains. The longest time

after which it has been discovered by myself is eight years, which was the case of an

infant
;
nothing but the bones of the skeleton remained, the coffin was full of earth,

and large roots of a tree had grown tlirough it. The metal was obtained from the

bones, and in the earth immediately below where the stomach had existed. Many
cases have occurred in my experience, where one, two, three, four, and five years

have elapsed ; in one case, after fourteen months, where the body of a boy had been

floating in a coffin full of water. The poison is given in one of three states, white

arsenious acid, yellow sulphuret ("orpiment"), or " realgar," red sulphurct of arsenic;

and it is worthy of notice that putrefaction will turn either white or rod into yellow,

but will never turn yellow into either white or red ; this is owing to the hydrosul-

phuret of ammonia disengaged during decomposition,

'Modern toxicologists have abandoned all the old processes for the detection of this

poison, and have adopted one of two, which have been found more expeditious, as well

as more certain. The first was proposed by Marsh, of Woolwich : it is founded upon

the principle that nascent hydrogen will absorb and carry off any arsenic which may

be present, as arseniuretted hydrogen ; but as I prefer the principle first proposed by

Eeinsch, and have always acted upon it, I shall confine my description to tho pro-

cesses founded upon it. The principle is this : arsenic mixed or combined with any

organic matter will, if boiled with pure hydrochloric acid and metallic copper, be de-

posited upon the copper; but as this depositing property is also possessed by mercury,

^ antimony, bismuth, load, and tellurium,

^ subsequent operations are required to

f ^...^
discriminate between tho deposits. I

\
~-~*'"*'-*""*^»

pieces of copper wire, about No. 13

size, and 2^ inches long ; these I hanimer upon a polished plane with a polished hammer,

for half their length {fig. 85), and having brought the suspected matters to a stato of

dryness, and boiled the copper blade in the pure hydrochloric acid, to p^o^-e that it

contains no metal capable of depositing, I introduce a portion of the suspected matter
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i.n;Hn(r • if the copper becomes now either sfceel-grey, blue, or black,

and cntimio ' ^^^^^^^ in another vessel in which there is hot diluted

hydrochloi c acid
,
i

"J^,. ^ '

^^g^ repeat the boiling, washing and scraping,

copper ; ^one of these is sealed up hermetically

fn a tube for future production. I now take a piece of glass 86

tube and having heated it in the middle, cbaw it out,_as in

£ 86 dividing it at a, each section being about 2 inches

W the wide orifices being about ^ths ol an mch mdia-

motor, and -h an inch long, the capillary part 1th of an inch an

lite shinlnTglohules ; if lead or bismuth, it does not rise, but melts mta a yel-

oSi gla s, 4ich adheres to the copper; if tellurium, it would fall as a white

ai^Jphous powder ; if antimony, it would not rise at that low_ temperature
;
but ar-

se^ioSs ac d^ndenses as minute octahedral crystals, looking with the microscope like

'^ l^n^^ent gi-ains of sand. I make three such sublimates, one of whicli is

seafed UP like th? arsenic for future production. I now cut the capillary part of

Tother of tXs in pieces, and boil it in a few drops (say 10) of distilled water

and when cold drop three or fom- drops on a plate of whit6_ porcelain, and with a glass

rod drop one cbop of ammoniacal sulphate of copper in at: and now to make the

colours from this and the next test more conspacuous, I keep a chalk-stone, planed

and cleaned, in readiness, and placing on it a bit of clean whate filtering paper, I con-

duct the drops of copper-test upon the paper, which permats the excess of copper-sohi-

tion to pass through into the chalk, but retains the smallest proportaon of Scheele s

ereen • the other few drops of the solution are treated the same way wath the am-

moniacal nitrate of silver. When I get the yellow precipitate of avsemte of silver,

the papers, with these two spots, are now dried and scaled aip an a tube as before,

and that with the silver must be kept in the dark, or it will become black. I Imve

stiU one of the tubes with the arsenical sublimate remaimng ;
through this 1 direct

a stream of hydrosulphuric acid gas for a few seconds, which converts the sublimate

into vellow orpiment. I have now all five tests : the metal, the acid, arsenite of cop-

per, arsenite of silver, and yellow sulphuret ; and the ^^omro^^ S^^'"" °f ^^^senic

i^s sufficient in adroit hands to produce the whole ; but all five must be present, or

there is no positive proof, for many matters Avill cause a darkness of the copper an the

absence of arsenic,—sulphurets even from putrefaction ;—but there is no sublamate an

the second operation, because the eulpliur burns into sulphurous acid and passes olF

upwards. Corn, grasses, and earth slightly darken it from some unknown cause, but

produce no sublimate ; so, if the solution of suspected arsenious acid is tested with

the copper-test while hot, it will produce a greenish deposit of oxide of copper, througli

the heat dissipating a little ammonia, or if the copper blade has not been deprived of

grease by the diluted hydrochloric acid, the sublimed acid from the grease will pre-

cipitate copper from that test; but as much of the sulphuric acid of commerce, and

nearly all such hydrochloric acid and some commercial zinc contains arsenic, nothing

can excuse a toxicologist who attempts to try for arsenic if he has not previously ex-

perimented with all his reagents before he introduces the suspected matters. I

should also mention that this metal is to be found in all parts of the body, but longest,

and in greatest quantity, in the liver, where it is frequently found many days after it

has disappeared from the intestines.'

—

W. Herapath.

Arsenious acid of commerce is frequently adulterated with chalk or plaster of

Paris. These impurities are very easily detected, and their proportions estimated.

Arsenious acid is entirely volatilised by heat, consequently it is sufficient to expose

a weighed quantity of the substance to a temperature of about 400° F. in a capsule pr

crucible. The whole of the arsenic will pass off in fumes, while the impurities will

be left behind as a fixed residuum, which can, upon cooling, be weighed.

The mines of Cornwall and Devonshire produced in 1871, 4,147 tons, 15 cwt. of

arsenic, the value of which was lo,519Z. 18s.; a considerable quantity is also produced

at Swansea, from the roasting of arsenical copper ores.

ARSIIO'S. A name used by some modern chemists for arseniiu'etted hydrogen.

ii.H.TSSIAXiI' WEIiXi. This is a description of well or borehole in which

water is obtained by means of a perforation bored vertically down tlirough imperme-

able strata to an underlying stratum of a more or less permeable character, such

stratum to be charged with water and to exist either in the shape of a basin-sliaped

depression, or to be so inclined as to reach, at some distance from the point at which
the borehole may bo made, the surface of the earth. Tlio name is derived from the
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fiict tliat_ woUs of tliis description woro first known in Nortli-Westem Europe inttio pro\anc6 of Artois in Franco, wlioro this metliod of obt^iiniiig water has beenpnictisod Irom ii very early period. Properly speaking, an Artesian well is one inwhich the water from the lower stratum rises above the surface of tlio sui^oriucumljeut
impormoablo stratum

; but by extension the phrase has been applied of late years t^)any well in which the waters of a lower stratum are enabled to rise sufficientlv
near to the surface to allow of their being economically used. It will be seen here-
after that in niuny instances, borings, which were originally strictly Artesian, have
at a later period lost tho characteristic property of yielding waters flowing over 'the
eurfaco.

When tho water falls upon tho exposed surface of tho outcrop of tho permeable
stratum from which tho supply for any Artesian well is derived, it passes under tho
odgo of tho overlapping impermeable stratum, and over such inferior retentive stratum
as it may meet with. Then if it cannot find, or make to itself an outlet, it will
follow tho siu-face of tho imperraeablo upholding stratum, in strict accordance with
the laws which regulate tho flow of water abovo ground. If, under these circum-
stances, an opening should be made through the overlying impermeable stratum,
the water will rise to a height corresponding to the level at which it passed under
such stratum, excepting in so far as it may be affected by friction, or by the existence
of any natural overflows, created by interruptions of the containing basin, or by any
disturbance of the lower retentive strata of a nature to place the water-bearing stratum
in contact with still lower strata having no communication with the surface.
M. Lefebvre (' Comptes Rondus de I'Acad. des Sciences, 1838,') describes several very

ancient Artesian wells, which were discovered by M. Aymo in the Oasis of Thebes.
These appear to have been sunk through 80 feet of clay and marls, and then through
300 feet of limestone, M. Ayme states that in the Libyan desert, where there are
no rivers or springs, and upon which rain never falls, formerly a largo population was
supplied with water by Artesian wells, several of which have been cleared out and
restored by this French engineer with perfect success. The ' Wells of Solomon,' in
the plains of Tyre, are supposed to be of this description.

The first Artesian well in London was put down in the year 1794, This description
of weU has been used for a long period in the East and in Italy,

The term Artesian may really be applied to all wells or borings which may be put
down, having for their special purpose the obtaining of water ; and the advisability
of endeavouring to find water by means of such wells will depend upon several

considerations, namely :—on the quantity and quality of water required ; on the
physical position of the strata existing in the district where the water-supply is

required, and of the surface of the ground whore the water-bearing rocks are known
t<) come to the surface, and on the outcrop of such rocks being denuded or covered
with any description of drift ; on the mechanical formation of the rocks to be perfo-

rated, with special reference to their compactness or porosity as the case may be, and
on the lithological character and thickness of the water-bearing deposit; lastly, on
tho application of the processes by means of which the impermeable strata can be
passed through, and the water-bearing strata reached.

The first three of these considerations will now be dealt with ; the foxirth point, which
comprises the engineering of the work, will be brought into notice under the head of

Boeing. Overflowing wells owe their origin, as a rule, to tho infiltration of the

waters falling upon the surface of the globe, which, percolating through tho various

pores and flssures of the strata, are passed into, and held by such strata of sand or

gravel as will contain water in very large quantities. If the water be carried in this

manner from some high point on tho surface of the globe to some subterranean point

where the surface of the ground is at a lower level than the point at which the source

of the water is formed, the hydrostatic pressure is sufficient in case a connection with

the surface is formed, either by faults or fissures in the strata, or by a borehole put

down from the surface, to cause the water to rise and overflow in a stream more or

less constant.

In tho case of all borings used for the purpose of obtaining water, tho chief consi-

derations are naturally as follows :

—

1st. To obtain a certain quantity of water.

2nd. To have such water pure.

3rd. To havo the position of the borehole so fixed as to make a constant supply

over a certain period of time to be depended upon.

The site of a boring for water may of necessity have to bo fixed upon within a

certain limited space. The strata to be passed through, and tho physical character of

the surface of the ground adjacent to the site of the boring, will probably partake of

one of the following conditions :

—

1st. The ground to be passed through may havo a steep inclination extending to
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howovor, be obtained

under these condi-

tions (which are illus-

trated by fig- 87)

should the water -

bearing strata be very

porous, and have a

considerable lateral

extension.

2nd. On the other

hand the inclination

of the strata may be

very gradual, as shewn

in^'5'. 88, and in this

case the area of sur-

face receiving the
surface of the water-bearing

8S

most that can be expected to reach the borehole, mfig. 88 it

2^
P^^^^^^^^^

the rainfall on the area from c to D will percolate through to the ^^^te^r^^^^^^f/,^^,^*?

'

This is the condition under which the largest quantity of water may be expected to

be obtained in the prosecution of Artesian wells.
, ^ i. v„„^„„ „f,.<,fn

3rd. Another condition is where a boring has to be made to w^ater-beanng strata

through other rocks, which, though compact in their nature are not impc^ble

This condition naturally affects the quantity of water obtainable, and m such a case

it is important to obtain increased hydrostatic pressure.

4th. In some cases several qualities of water may be met with in one boring, some

of which may be found chemically objectionable. When satisfactory water has been

found, the impure water can only be kept back by the insertion of tiibes in the bore-

hole. With the third condition mentioned above, the application of tubes will also

sometimes be found advantageous. They are always necessary where running sand

or very loose strata are met with.
.

5th. Another case occurs w^hen the water met with by a boring has so little

hydrostatic pressure that it will not rise in the borehole to the surface. In this case

the water has to be raised, when its level is within 30 feet of the surface, by some

description of pump. When the level of the water is at a greater distance than this

from the top, a plunger-pump has to be used.

In cases 1 and 2 a bed of impermeable rock is assumed to intervene between the

surface and the water-bearing strata. It need hardly be mentioned that the qiiantity

of water found in any class of strata does not depend only on the surface of such

strata exposed to the rainfall, but is much influenced by the degree of porosity of the

strata, which is the test of its saturativo capability.

An illustration of this is afforded by the results of the sinkings of many of the

deepest coal-mines in Groat Britain, where such sinkings have passed through the

Permian beds before reaching the coal-measures. Between the magnesian limestone

and coal-measures is found in nearly every instance a bod of red sand, varying m
thickness from a few inches to 12 feet. Whilst feeders of water of a few hundred

gallons per minute only have been encountered whilst passing through the limestone,

the feeders met with on reaching the more porous sand-bed referred to, have fre-

quently been enormous, in several instances amounting to over 4,000 gallons per

minute. In such cases the quantity of water can doubtless be traced to the principles

indicated on fig. 88.

Under the conditions referred to in the fifth head, may bo mentioned cases where

water may be obtained by short holes, bored a few yards into the ground, tho object

being to collect tho surface-drainage, and the water being obtained by small pumps.
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SorS^"!!!/^ gonomlly bo procured by short holes, butMJioio giavol rests oa an naporvious ahiv, success is almost cortaia.

condinrill-
"PP"-""tly ii considerable hydrost^itic prossuro, there is a

mSir n? t ''^^ pl•o^'oat any largo quantity of wtcr falling upon porous strabt

'•''""'''.i^'l^^'^'''-
'"^''"^^'^ any rivor en.anato fron/, or pass through'

olh
• ^"11 Pi-obalily carry away a largo proportion of tho ^vater wliichothorwso would have saturated the permeable rocks.

It wll be understood that the geological formations in which Artesian explorationscan bo made with most prospects of success are those which combine coniiJiict andimpormoable strata with porous and open rocks. Tlio particular systems of rockswmeli appear to present as a rule these conditions are those conbiined by and Ivin.'
adjacent to tho chalk series, embracing tho London clay, the chalk, upper grecnsand
ttie gault, and the lower greensand. Those rocks present tlio necessary conditions'
ana m the sites wliero they are chiefly found, tho north of France and south-east of
J^^ngland a large number of wells have boon put down, many of which are producin-/
largo volumes of water.

i »

In older formations it is much more difficult to discover rocks of sufficient oponnoss
to carry largo quantities of water, and further than this, as tiie older rocks lie vnry
irregularly, and frequently at a heavy inclination, tlicy are not so suitable for tlio
purpose of obtaining water by means of boring, nonce it is usual in districts where
such rocks prevail to obtain tho water-supply, where river-water either is not used or
is not obtainable, from reservoirs situated at some high level where they can be
arranged to catch the surface-drainage.
The hot springs which burst out of the ground in districts where the so-called

primary formations are found, came undoubtedly from a great depth beneath tlie
surfiice, and derive their heat from an exalted subterranean temperature ; but it
would not be practicable to bore to such extreme depths as would be necessary in these
rocks.

_
A miniature representation of sucli springs is exhibited in tho intermitting

fountains of fresh water on the shoulder of Vesuvius.
It will bo interesting to record the results of some of the chief artesian borings

which have been made in this and other countries. Tlie most famous example is that
of the boring commenced in 1 833 at Crenelle, a suburb of the SW. of Paris where there
was a great scarcity of water. Here the chalk was overlaid by gravels, marls, and clays,
which were known to be capable of intercepting the passage of water. Hence, as it
was known that below tho chalk water-bearing sand would be met with, M. Slulot, the
engineer of the well, supported by the authority of MM. Arago and Walferdin,
resolved to seek a supply of water by boring through the chalk into the sub-cretaceous
strata. At Elboeuf the chalk had been traversed in this manner, and the water had
risen to a height of 82 feet above the level of the ground, or 109 feet above the level
of the sea, and it was considered that as tho surface of the ground at Grenelle was
about 104 feet above the level of the sea, and as the outcrop of the water-bearing
strata was nearer to the proposed borehole than at Elboeuf, the water at Grenelle
might be expected to flow over the surface. This reasoning was found to be correct,

and in February, 1841, after eight years' labour, tho rods suddenly descended several
yards, having pierced into the A^ault of the subterranean waters so long sought after

by the indefatigable engineer. A few hours afterwards he was rewarded for all his
anxious toils ; for the water, rising to the surface, discharged itself at the rate of

881,884 gallons in evoiy twenty-four hours ; the temperature of the water being
nearly 82° F. At first it brought up so great a quantity of sand that the tube was
several times choked up by it, and even now it is not free from occasional though
rare interruptions, but the force of the column of water has always proved sufficient

to clear its way after a short interval. The water flows in a clear, continuous stream,

and is carried by pipes to a reservoir near the Pantheon, whence it is distributed over

the adjacent parts of the city, as well as along the lino of tlie Boulevards from the

abattoir to the Observatory. By means of small pipes, the Ecole Militaire, the Inva-

lides, and two or three other public establishments, are also supplied witli tliis water.

The surface of the ground at the well is 102 feet above the level of the sea, and the

water is capable of being carried above this to a height of 120 feet. Tho exposed

surface of the water-bearing beds which supply the well of Grenelle is about 117

square miles ; the subterranean area in connection with these lines of outcrop may
possibly bo about 20,000 square miles, and the average thickness of tho sand of tlio

ffrds verts, serving in their underground range as a reservoir for tlie water, does not

probably exceed thirty or forty feet.

—

Prestwich on the Water-bearing Strata of
London.

After the completion of tho Grenelle well others were quickly undertaken. Amongst
the most important of these were the borings undertaken in the Ehenish provinces

for bringing to the surface the waters of the brine-springs of that district, some of
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Avhich oven excoodod the depth of 2,400 feet from the sui-face. M. Dcgouss^e

mentions in his ' Guide de Sondenr ' (1847), that he himself had executed no less than

sixteen doop borings in the D^partement de I'lndre ot Loire, of which ten are in the

town of Tours and six in its neighbourhood, presenting an average depth of about

600 foet. Tyvo of these borings were, however, unsuccessful, and it appears that the

conditions under which they occurred with respect to the great watercourses of the

district, led to the supposition that the underground course of the waters was inter-

rupted by means of a fault or upheaval.

At Calais the results obtained by the groat artesian well there sunk were even more

striking than those obtained near Tours ; for after having in this place passed through

the drift above the chalk, the chalk itself and the whole of the sub-cretaceous strata,

the boring was continued in the transition rocks until it had attained a total depth

from the surface of about 1,150 feet. It will be necessary hereafter to refer to this

well, and to the abnormal state of the geological formations under this district.

An important Artesian well was also put down at Chichester, being carried through

the great Hampshire tertiary basin to the upper greensand, where it was stopped at

a depth of 1,054 feet from surface. Very little water was obtained.

At Southampton the upper and lower chalk and chalk-marl were passed through,

but at a depth of 1,317 feet no valuable supply of water was obtained. A great

number of Artesian wells had in the meantime been sunk in the tertiary basins of

both London and Hampshire, and the drain thus established upon the subterranean

water-com-ses of those formations was so great that the waters which originally had

flowed over the surface of the ground, were no longer able to reach that height ; and

it became evident that the demand upon these water-bearing strata was rap)idly

exceeding the supply. Under these circumstances the Hampstead and Highgate

"Waterworks Company resolved to renew under London the attempt which had been

abandoned at Southampton ; and their advisers argued that, inasmuch as the outcrop

of the sub-cretaceous formations was continuous around the margin of the cretaceous

basin surrounding and underlying the London tertiaries, excepting on the eastern

border, those sub-cretaceous strata would be found under London just as they had
been actually found at Paris.

This reasoning proved to be correct so far as the chalk-marl, the upper greensand,

and the gault were concerned ; but when those formations had been traversed (to a
depth of 1,113| feet), the boring tools, instead of entering upon the lower greensand,
which theoretically had been expected, entered upon and traversed, to a total depth of

1,302 feet, a series of marls, clays, and sandstones, which appear in all probability to

belong to the new red-sandstone series : all the intermediate strata being absent.

A boring at Harwich also proved the existence of transition rocks of an early
period at a depth of 1,200 feet from the surface ; various rocks from the tertiaries to
the tipper greensand and gault having been passed through.
From the above data the interesting fact will be observed that no borehole in the

London basin has as yet succeeded in proving and obtaining water from the lower
greensand rocks ; the Southampton, Calais, Highgate, and Harwich wells having all

proved failures in this respect. It is a question to be proved by experiment whether
to the north-west of London the tertiary rocks would not be less likely to give place
to^ rocks of older formations, as they appear to do in the boreholes referred to. It
will be understood from the particulars given of the few boreholes, how much un-
certainty attends the art of boring, at least, as regards the obtaining of water by this
means.

Some particulars may now be given of a number of the chief Artesian boreholes
put down in Prance and England. The following Table shows the depth and cost of
several of the French Artesian wells :

—

Grenelle, Dept. Seine . , . 1,798 feet
Calais „ Pas de Calais . 1,138 „
Douchery „ Ardennes . . 1,215 „
St. Pargeau Yonne . . 606 ,,

Lille „ Nord ... 592 „
Crosne „ Seine et Olso . 333 „
Brou ,, Marne . . 246 ,,

Ardres „ Nord . . 155 „
Claye „ Seine et Marne . 108 ,,

Chavillo ,, Oise . . . 65 ,i

£14,500
3,560

3,045

1,216

320
190
200
64
78
15

Tho deep wells of London are all in the chalk. The depths of some of the most
important are given in the following Table, which has been compiled from data {riven
by Mr. W. Whitakor, ' Memoirs of tho Geological Survey,' vol. iv. (1872)

Vol. I, Q
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Sections of some of the Deep Wells in London and tfie adjoining Cotmiry.
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MlDDtESKX

Apothocarios' Hall, Blackfriars

.

Bank of England
Blackwall, Trinity Wharf

.

Bow
Broad Street, Golden Square
Camden Station

Castloboar Hill, near Ealing .

Chiswick, Griifin Brewery
Colnoy Hatch Lunatic Asylum .

Fulham
Hackney Eoad....
Haggerstone ....
Hampstead, Lower Heath
Hampstead Eoad
Hanwell Lunatic Asylum
Harrow Waterworks
Haverstock Hill

Hayes . . . . •

Highbury ....
HoUoway City Prison

Hoxton
Hyde, The, Edgeware Eoad
Hyde Park Corner .

Isle of Dogs . . . •

Islington Green
Kensington, Horticultural Society

Kensington Gardens, N. .

Kentish Town Waterworks
Leicester Square
Limehouse ....
Long Acre . . . •

Mile End ....
Mile End Eoad (City of London Uni

Pentonville Model Prison

Pimlico, Simpson's Eactory, Grosvenor

Pinner .....
Ponder's End ....
Eatcliffe

Shoreditch, Truman's Brewery .

Shoreditcli Workhouse
Staines . . •

.

Sudbury
Tottenham ....
Tottenham Court Eoad (Meux's)

Tower Hill (Eoyal Mint) .

Trafalgar Square

Twyford, near Ealing

Ux'bridge Union
Westbourne Estate Waterworks

West Drayton . . .
•

Westminster, Elliot's Brewery .

„ Thojme's Brewery

Winchmoro Hill •

on )
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40

25
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16

23

21

14

18

5

39

12

40

2
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20
13

35
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26
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33

2
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111
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300
140

137
135

48i
66+

289

59
194
111

223
134
106

135

69
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48

198

172
236

148^
19

120^

86

604
113

112

29

15

56

80+
60

267
68
62

64

94
142

211

94
217
88

140

100

186

.2 bo

s. §

ft.

48

584
34

66

68
64
60
90

27
90

48

44^

75
48

61

884

57^
69

34

34i
64

43

100 ?

54
66

614
60

47

58J
63
41

544

674
27^
49^
26

53

40

79
60

61

51^
67
41

41

75
62

66

674
664
44

' This boring was carried down 832 feet below the bottom o£ the chalk.

=01-1110X6. - Moresmce.



ARTESIAN WELL 227

SnnuEY, Hertfohdshiiie, Essex

Balham Hill, near Clapham Commou
Battersea

Bermondsey
Claremont

Horselydown .

Kingston on Thames
Lambeth (Bedlam) .

Mitcham....
Mortlake Brewery .

New Barnet Eailway Station

New Cross (Naval School)

Penge (Crystal Palace) .

Eichmond
Kotherliithe

Southwark, Barclay's Brewery

"Wandsworth, County Lunatic Asylum

"West Ham

M
(>. a Q

ondon

Ola 1^

5i
0 <u

hanet

San

•epth

to

th

Chalk

In

Chalk

Hi H H

ft ft. ft. ft. ft. ft.

16 53 Art ...

32 55 00 94.Q

23 30 00| y JL 2 14Uf
60 450 60 ? ...? 560

32 01

'
r

7 5 100

13 88 25 371 99

28 80i
35J 47 191

4 iUi 46 38 loy I ^

10 199 58 267 3

... J. IQ 44 xov

... 23 51 48 125 25

259 54i 361 149

191 85 276 103
an29 35 43 107 145

971 in 62 36 . 203 f
over

tlOO

231 60
{

over

40
over

330
33 42 57 132 306

The Artesian wells in Essex which overflow, are of the following depths, according

to Dr. Mitchell :—Foulness Island, 460 feet
;
Mersey, and adjoining islands, 300 feet

;

"Wallis Island, 400 feet ; Little "Wigborough, 250 feet
;
"Woodham, 350 feet ; North

Ockenden, 80
;
Pobbing, 100 feet; Bulpham Fen, 70-80.

The difficidty of making any calculation, even in a well-known district, as to the

quantity of water which can be expected to drain to any one borehole, is considerable,

since, though it may be possible to judge of the breadth of surface over which the

rainfall may be expected to sink into the water-bearing strata, it is impossible to tell

with any degree of exactness the lateral extension of the drainage, except the condi-

tions happen to be those in which the borehole is put down in the centre, or some
part of a basin. Naturally the more porous and saturable the water-bearing strata

are, the greater the proportion of the drainage which may be expected to be conveyed
to any one point.

Some years ago Mr. Prestwich computed the quantity of rain falUng over the dis-

trict surrounding London with a view to estimate the supply of water which a boring
through the chalk to the lower greensand formation would furnish. The following
Table exhibits the results of his investigation :

—

Lower Tertiaries .

Upper Greensand •

Lower Greensand

Probable
extent of
effectiTe

Area

Quantity of Rainwater
received

Probabln Quantity
absorbed

Sq. miles

24

70
230

Inches Gallons in
annually 24 hours

25 = 23,749,656

28 = 77,660,660

26i = 241,500,920

Inches Gallons in
annually 24 hours

12= 11,411,362
10= 27,735,960
16 = 145,811,720

' These calculations, although offered as only very general approximations, give
results sufficiently marked and decided, that oven admitting the necessity of not incon-
siderable corrections, I think they establish &ttong p^-imd facie evidence in favour of
the upper and lower greensands beneath London containing unusually large quanti-
ties of water, which may be rendered available for the supply of the metropolis by
means of Artesian wells. "What their yield might bo could only be dotermiuod ex-
actly by actual experiment but, judging from analogy, if the lower tertiary sands,
with dimensions comparatively so limited, can nevertheless fiu-nish not less than
3,000,000 to 4,000,000 gallons daily (and if, as is probable, they supply much of tha
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wator found in tho up])oi* beds of tlio chalk bonoatli London, tlieir yield may amount
to 8,000,000 or 10,000,000), then, I Kubmit, that there is a reasonable probability,
after allowing for tho present ovor-cbainago, of the tcrtiaries of the upper greensand,
with an oifoctivo area and a thickn(!SH 3 times greater than those of the lower tcr-

tiaries, yielding daily, and without diniiuutiou, from 0,000,000 to 10,000,000, and of tho
lower gi'oonsands, which exceeds by 10 times tho lower tertiaries in both respects, of
their yielding daily and without diminution from 30,000,000 to 40,000,000 gallons of
water in tho twenty-four hours, Uiken at about surface level,

' Since tho bods of the lower greensand are 200 feet thick, and they occupy an area

abovo and below ground of 4,600 square miles, and since a mass of one mile square

and one foot thick will hold more than 60,000,000 of gallons of water, it is evident that

a year's consumption of -water by tho population of London would not occasion a fall

of ono foot in tho water-level over tho entire area ; that is, supposing no rain had
fallen during the year. Such wells, too, would have the advantage of adding to tho

adornment of the metropolis, as if the water of the lower greensand was liberated by
means of Artesian wells, fountains would be at once formed, projecting their water

from 100 to 150 feet abovo the level of Trinity high-water mark.' '—E. B.

ARTESIAN' WEXiKS, JS'egative. Eorings into the earth which are intended to

carry off the waters from the surface. They have been ]Droposcd for the purpose of

draining large tracts of swampy country. Especial information on this subject will

be found in the ' Society of Arts' Journal' for 1856, and Ansted's ' Geologj'.'

ARTICHOKE. {Cynara Scolymus). A thistle-like plant, a native of the South of

Europe, cultivated for the sake of tho fleshy sweet recei5tacle of its flowers. Jebu-

SAXEM Artichokes are the tubers of tho Helianthus Tuberosus, and derive their name
by a corruption, from the Italian girasole, sunflower.

ARTICUXiITE. A name proposed by Dr. Wetherill for flexible sandstone, in

allusion to the articulated structure of the stone, seen on microscopic examination,

ARTIFICIAL STONE. See Stone, Aetificiai.

ARTIIiIiERV. Tho earliest Eiu'opean artillery of large size consisted of ' ser-

pentines ' and ' bombards,' both being formed of longitudinal bars of wrought- iron,

arranged like the staves of a cask, and hooped all over, or nearly so, -with wrought-

iron rings, shrunk-on hot upon the bars. The serpentine was of small calibre, but of

enormous length. A gun of this character, taken by the Swiss from Charles le

T6meraire, at the battle of Granson, in 1476, is described and figured in the Emperor

Napoleon's work, 'Pass6 et I'Avenir d'Artillerie.' This example is preserved in

the collection of the Arsenal of Neuville, Canton of Berne ; it is only about two

inches calibre, but about ten feet in length of chase, formed with -wrought-iron, with

rings shruidc-on at some inches apart. It is embedded to its horizontal diameter, and

for its whole length, in a timber bed.

The bombard -was usually a much shorter piece, often of immense calibre. The

great gun of Ghent, known as Bulle Grictte, or the Eaging Meg, is of this character,

Voisin thus describes it :—
' This enormous cannon, or ancient bombard, is one of the

most ciu'ious pieces of artillery known, both in dimensions and construction, which is

a chef-d'ceuvre of the art of forging. It is 18 feet in length, by 10 feet 6 inches in

circunxference ; the mouth is 2| feet in circumference ; it is forged from bars of iron,

and weighs 33,606 lbs., and throws a stone ball of 600 lbs. weight.
_
Its construction

appears to date from the early years of the invention of artillery ; in all probability

it -was forged -while Philip Van Artevelde, Eiswacrt of Elanders, was besieging Oude-

narde, in 1382. It is certain that the people of Ghent,_at war
^
with their Duke,

Philippe, used it in 1411, and at the attack of Oudenarde, in 1452.'

In the arsenal of St. Petersburg is a bombard which is 21 feet long ; but it only

weighs 17,435 lbs., and its calibre is only 68 lbs.

The Mons Meg of Scotland, which now quietly reposes on the King's Bastion,

Edinburgh, is formed of longitudinal stave bars, in one ply only, and of superimposed

rings, driven and shrunk-on upon the taper. This -will be understood from the accom-

pan-d'ng figures (89, 90). This gun was made by one M'Kin, to whom the people of

Erkcudbright contributed the bars of iron. Mons Meg was used at the siege of

Dumbarton, in 1489 ; at Norham, in 1497 ; it was used to fire a salute in 1548 ;
and

in 1682, when firing a salute in honoiu- of the Duke of York, tho iron rings, which are

now partly wanting near tho breech, were blown away without much disturbing the

longitudinal bars. The gun actually discharged baUs of Galloway granite against

^ Consult Prestwich, 'Water-bearing Strata of the Country round London 'Myliie's Sec^^^^^^^

the London Strata
; ' M. Garuier's ' Trait6 sur les Puits Art6siens ; Swindell, '

Rudimontary Treatise

on Well Digging and Boring ;' Buckland's 'Bridgcwater Treatise on Geology and Mincr.;ilogj ,

De la Beche'8 ' G eological Observer ; ' Hericart de ^lutiT's \Consid6ratio.is sur la

ment des Eaux des Puits Forces
;

' Dcgousse and Laui-eut, ' Guide du Soudeur j "^VhitaKer, Geological

Survey Memoirs,' vol. iv., 19y2, etc. etc.
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Threave Castle. The -weight of a granite ball of 19^ inches diameter is about

Colonel Syraes, in his 'Embassy to Ava, in 1795,' informs us that ho found that

cannon formed of prismatic bars of wrought hoop-iron hooped together were known

89

in India from a remote antiquity. In Meyer's ' Historical Manual ' will be found a

curious history of the progress of wrought-iron cannon, from 1494—when Charles VIII,

suppressed wrought-iron bombards, and had no other artillery than that of bronze—to

the present day. In 1856, Daniel Treadwell published a memoir ' on the Practica-

bility of constructing Cannon of Great Calibre, capable of enduring long-continued

Use under full Charges.' In this he proposes a very large wrought-iron gun, which
should be capable of projecting a shot or shell of a ton weight tlirough the space of

six miles. He says, in a note to this paper, 'Between the years 1841 and 1845, 1 made
upwards of twenty cannon of this material (wrought-iron). They were all made up
of rings, or short hollow cylinders, welded together endwise. Each ring was made
of bars wound upon an arbour spirally, like winding a ribbon upon a block, and, being
welded and shaped in dies, were joined endwise when in the furnace and at a weld-
ing heat, and afterwards pressed together in a mould by a hydrostatic press of 1,000
tons force.' Finding in the early stage of the manufacture that the softness of the
wrought-iron was a serious defect, he formed those made afterwards with a lining

of steel, the wrought-iron bars being wound upon a previously formed steel ring.

Mr. Nasmyth undertook, in 1854, an enormous wrought-iron gun, of 13 inches
calibre ; but there was some failure in the forging.

In 1 856, Messrs. Horsfall, of Liverpool, completed, and proved with a solid shot of
300 lbs. and 45 lbs. of powder, a wrought-iron gun, 13 inches calibre, and 13| feet
length of chase, perhaps the largest and most remarkable forging ever made. " Two
wrought-iron mortars, of 36 inches calibre, built up of separate pieces, were constructed
about the same time for the Government, from the designs of Mr. Mallet. A detailed
account of this monster mortar is given at page 235.

Cast-Iron Guns.—The date of the introduction of cast-iron guns is very uncertain.
Blast furnaces for smelting replaced the old Catalan methods about the commence-
ment of the fifteenth century, were known in the Hartz, in "Westphalia, in Flanders,
and seem to have come to us thence, and were not uncommon about the middle of the
century.

_
There is in the repository at Woolwich an 18-inch Pierriere, captured at

Corfu, with the date 1684 upon it, an early example of cast-iron.
In the sixteenth and seventeenth centuries, the average sizes of guns in England

were as follow :—
Length Calibre Weight
feet lbs. lbs.

The cannon royal, or piece of eight . 12 . 48 . 8,000
The demi-cannon . . , . 12 . 36 . 6,000
The culverin 12 . 20 . 4,800
The demi-culverin , . . . 11 . 10 . 2,700
Thosaker . . . . •. . 10 . 6 . 1,500

The smaller sizes were called minion, falcon, falconet, rabinet, and base, the last of
which only carried a 5-ounce ball of lead.

Cannon of Bronze.—The earliest bronze guns appear to have been cast in Europe
about 1370. Between that and 1400, bombards were cast (after the more ancient
models of iron) in bronzo with separate and with attached chambers {cations a boite)
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tho ancestors of all raodorn hrooch-loadiug guns ; and culvorins, "wliicli replaced the
iron sorpontinos, and wore of enormous length, 35 to 60 calibres, and great strength

towards tho breech, but of sniiill calibre. Many examples renuiin of u later date: one
at Dover Castle, another in the Dial Square, Woolwich Arsenal, and the celebrated

one of Nancy (1698), above 21 foot in longtli, carrying about an 18-pound iron ball.

In England tho earliest bronze guns are said to havo been cast by one John Owen,

in 1535.

Few examples are met -with of guns formed of metal in strictly atomic propor-

tions ; but alloys are found therein lu'esonting every formula, from 7Cu + Snupto
83Cu + 4Sn. Tho proportions most approved of in the arsenals of Europe appear to

vibrato between 100 by weight of copper to 9 of tin, up to 100 of copper and 12 of

tin. In France, 100 copper +11 tin by weight is the proportion fixed by law, and

invariably aimed at. In the United States, 100 copper + 12-5 tin is adopted for certain

species of guns.

Tho proportions of tin and copper used in making bronze guns in tho United

States :— Density Tenacity

Tin, 1 part .... 7-297 . • 2,122

Copper, 8 parts . . . 8-672 . . 24,252
.

Mean proportional . . . 8'519 . . 21,793

Mean of 83 guns , . . 8-751

Mean of 83 gun-heads . . 8-523 . . 29,655

Bronze guns are liable to drop at the muzzle ; this is duo to the unequal tempera-

ture of the inside and of the outside of the gun.

Brass ordnance are made of what is called guk-metai, composed of about 10 parts

of copper and 1 of tin.
_ . , , ^ l- i>

One of the first inquiries of importance in connection with the construction ot

pieces of artillery is that of the liability to fracture in the metal. Upon this point

the researches of Mr. Mallet furnish much important matter. He tells us, as tho

result of his investigation, that it is a law of the molecular aggregation of crystalline

solids, that when their particles consolidate under the influence of heat in motion, their

crystals arrange and group themselves with their principal axes in lines perpendicidar to

the cooling or heating surfaces of the solid: that is, in the lines of the direction of the

heat-wave in motion, which is the direction of least pressure within the mass. And this

is true whether in the case of heat passing from a previously fused solid in the act of

cooling and crystallising in consolidation, or of a solid not having a crystalline

structure, but capable of assuming one upon its temperature being sufficiently raised,

bv heat applied to its external surfaces, and so pflssira^- wiito It.

Cast-iron is one of those crystallising bodies which, in consobdatmg, obeys, more

or less perfectly according to conditions, the above law. In castings of iron ih^

vlancs of crvstallisation group themselves perpendicularly to the surfaces of external con-

tour Mr. MaUet, after examining the experiments of Mr. Fairbairn-who states

C Trans Brit Ass.' 1853) that the grain of the metal and the physical qualities

of the castinff'improve by some function of the number of meltings ;
and he fixes on

the thirteenth melting as that of greatest strength-shows that the size of erysta^

or coarseness of grain in castings of iron, depends, for any given 'make of iron

and 5?en mass of casting, upon the high temperature of the fluid iron above that ju t

T^eSIryto its fusion, which influences the time that the molten mass talces to cool down

%?::;Tots?^^^^^^^^^ at which iron remains liqiud enough fully to ^1

everv ca^?^ of the mould without risk of defect, is that at which a large casting

fiuKTheavy gun, ought to be ' poured.' Since the cooling of any mass depends

^ fL tbSkJeis of the casting, it is important that sudden changes of iorm or of
upon the

J,°,^f guns should be avoided. In the sea and land

ST3-inch^r^^^^^^^ ?he chamber, the thickness of metal suddenly
service xo i^^u.

^Vn<,p fhere is evidently a malconstruction.

Stat ment^^^ xTade to^detemine the eflfect produced on

report of Major VV
.
w acie, oi tuo

, „
s x-pounder cannon were

of the Ordnance department of the United bte^^^^^
^^^^
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1 T,.^ TI.A fivino' of the ffuns was in overy respect the same. Nos. 1 and 2

trffiSdS stma^numier 'of times with sir^dlar charges. No 1 burst at the

mh L, and No. 2 at the 25th. It appears from these results that no material

effect i^ produced on the quality of the iron by these different modes of coohng the

"^
fTerf extensive series of experiments was made, by the order of the United

States^ G^yernment, on the strength of guns cast sohd or hollow In these at was con-

imed that the guns cast hollow endured a much more severe strain tlian those cast

soHd Considerable differences were also observed, whether the casting was_ cooled

from'witldn or witRout; and Lieutenant Kodtaan's method of cooling from the interior

is regarded as tending to prevent injurious strains in cooling.
_ ^ . .

Major Wade informs us that time and repose have a surprising effect in removing

strains caused by the unequal cooHngs of iron castings.
. . „

^

Great advances have been made in improving the quality of iron guns, truns

cast prior to 1841 had a density of 7-148, with a tenacity of 23,638. Guns cast lu

1851 had a density of 7-289, with a tenacity of 37,774.
^t, tt ^ +

The following Table gives the results of all the trials made for the United btates

Government, showing the various qualities of different metals :

—

Torsion

Metals Density Tenacity
Transverse
Strength At Half;

Degree
Ultimate

Com-
pressive

Strength

Hard-
ness

Oast>iron :

—

84,592 4-57Least 6-900 9,000 5,000 3,861 5,605

Greatest . 7-400 45,970 11,500 7,812 10,467 174,120 33-51

Wrought-iron :

—

40,000 10-45Least 7-704 38,027 6,500 3,197

Greatest . 7-858 74,592 4,298 7,700 127,720 12-14

Bronze :

—

Least 7-978 17,698 2,021 5,511 4-57

Greatest . 8-953 66,786 6-94

Cast-steel :

—

Least 7-729 198,944

Greatest . 7-862 128,000 23*000 391,985

The following analyses of the metal of iron guns of three qualities are important :-

Influence of Single Ingredients,

Classes

Mechanical Testa Chemical Constituents

Specific

Gravity
Tensile
Strength

Combined
Carbon

Graphite Silicium Slag
Phos-
phorus

Sulphur
Earthy
Metals

1

2

3

7-204

7-140

7-088

28,865

24,767

20,176

•0977

•0819

•0726

•0507

•0576

•0560

•0417

•0538

•0531

•0215

-0200

•0219

•0239

•0300

•0321

•0017

•0021

•0021

•0117

•0094

•0144

Influence of Two or more Ingredients.

Classes

Mechanical Tests Chemical Constituents

Specific

Gravity
Tensile
Strength

Silicium
and

Carbon

Silicium
and Slag

Graphite
and Slag

Graphite,
SiUcium,
and Slag

Graphite,
Slag, Siliciiun,

and Phos-
phorus

Total
Carbon

1

2

3

7-204

7-140

7-088

28,865

24,767

20,176

•1394

•1357

•1267

•0632

•0738

•0760

•0722

•0776

80

•1139

•1314

•1311

•1378

•1614

•1632

•1484

•1395

•1286
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An inspection of tlio first of tlio foregoing Tables, representing the average amount
of each foreign ingredient in gun-metal deduced from all the analyses, shows a con-
biderablo difFuronco in tlio proportions of tlioso ingredients in each of tlie tliree classes
into which guns are divided. It will bo observed, that while the proportion of com-
bined carbon diminislios from the Ist to the 3rd class, that of silicium similarly
increases, so that their united amounts are nearly the same. In other words, it

appears that silicium can replace the carbon to a certain extent; but that the quality
of the metal is injured where the amount of the silicium approaches that of the car.
bon. Karsten made a similar observation in determining the limits betwoeu cast-iron
and steel, but did not notice the influence of tliat substitution.

But the differences become more striking by combining tlio ingredients variously
together, as in the second of those Tables ; and especially by comparing the extremes,
which are each derived from a larger number of observations than the mean.

After showing the total amount of carbon (both combined and uncombined), sili-

cium and combined carbon are thrown together, which indicates the replacement hy
silicium of that portion of carbon set free in the form of graphite. The column 'sili-

cium and slag ' shows the general depreciation of the metal as the silicious metal
increases.

—

From the Beport of Campbell Morfit and James C, Booth to tlic Ordnance
Office, United States^ Army.
The following analyses (rejecting those substances of which onlv a mere traco

has been discovered), from the same chemists, aro selected as snowing striking

pecxiliarities ;

—

Cla» bon
bincd

bon
a
3

iphorus gancse

ncilum 1

1
"<

P
Iron

GraiCar
B ^ SUic

o
.3
P4

§
a •a

u CO"

1. 32-pouiider, which en-
dured the extreme
proof .... •93520 •02000 •02200 •00776 •00250 •00036 •02100 •00028 •OOlOC

2. 32-potmder, which en-
dured the extreme
proof. Hot blast u-on •88480 •02800 •00200 •02000 •00400 •00666 •05212 •00072 •00043 •00034

24;-pounder, which en-
dured the extreme
proof. Hot blast iron •92400 •03000 •01200 •01790 •00200 •00626 •02244 •00080 •00028 •00234

3. 42-pounder . •92155 •03200 •00700 •01130 •00100 •00800 •01448 •00074 •00086 00316 •00220

32-pounder . •92540 •02800 •00150 00730 •00200 •00738 •02317 •00061 •00057 •00170

32-pounder , •93450 •02900 •00900 •00900 •00200 •01290 •01810 ? •00158 •00026

Comparison of Weight, Strength, Extensibility, and Stiffness ; Cast-iron being unity
'

within practical limits to staticforces only.

Material
Weight for
= Volume

Strength Extensibility Stiffness Torsion

Cast-iron .
1^00 1-00 1-00 1^00 TOO

Gun -metal

.

1-18 0-65 1-27 0-53 0-55

Wrought-iron .
1-07 3-00 0-45 2-20 1-11

Steel . . . • 1-07 4-75 0-32 3-15 2^11

"We find that wrought-iron guns are more than fivefold as durable as those of

gun-metal, and twenty-two times as durable as those of cast-iron. And taking first

cost and durability together, gun-metal cannon are about seventy-seven times, and

cast-iron guns about thirty times, as dear as wrought-iron artillery. Again : the cost

of horse-labour, or other means of transport for equal strength (and, of course, there-

fore for equal eflfoctive artillery power), is about five times as great for gun-metal,

and nearly three times as great for cast-iron as for wrought-iron guns. In every

respect in which we have submitted them to a comparison, searching and ngid, and

that seems to have omitted no important point of inquiry, wrought-iron stands pre-

eminently superior to every other material for the fabrication of ordnance.— t/wtiea;

States' Beport.
, , . i> . .,1 4.1.

The advantages possessed by rolled bars for tlio construction of artillery are thus

summed up by Mr. Mallet, in his ' Memoir on Artillery
: '—
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1 Tho iron constituting the integrant parts is all in moderate-sized, straight pris-

n^atic lcerforldofrol^ bars only; hence, with its fibres all longitudinal, per-

Tl^ ^nTfnr'J Ind its extensibility the greatest possible, and in the same direction m
':^-:TtXtlT^, thereforl a better material than any forged iron can.

VShSioTo? manufacture of the iron, thus, to rolHng, and the dispensing

Ji ai?maSve forgings, insures absolute soundness and umformity of properties in

^^^The Hmited size of each integrant part, and the mode of preparation and com-

bination afford unavoidable tests of soundness and of perfect workmanship step by

X, S TeS portion of the whole: unknown or wilfully concealed defects are

'"TSlity of execution by ordinary tools, and under easily obtained conditions,

and xdthout the necessity either for peculiarly sluUed labour on the part of 'heavy

?olmen/t f^^^ ov other hampers, &c., of unusual power, and very doubtful

utmt^rand hence very considerable reduction in cost as compared with wrought-iron

'll'SSTita's^^^^^ by reduction of weight, as compared with soM guns of the

same or of any other known material. .n better material than massive forged iron, rolled bars are much more scien-

tifically and advantageously appHed_; the same section of iron
.^^'^^^^^/^^^^^

ingwork, as applied in the gun built-up m compressed and extended plies, than m

Introduction thus into cannon of a principle of elasticity, or rather of elastic

range (as in a carriage-spring divided into a number of superimposed leaves), greater

thaS that due to the modulus of elasticity of the material itself; and so acting, by dis-

tribution of the maximum effort of the explosion, upon the rings successively recipient

of the strain during the time of the baU's trajet through the chase, as materially to

relieve its effects upon the gun.

Considerable attention has been given, of late years, to the construction of very

powerful pieces of ordnance. Cast-iron cannon are usually employed, but these very

soon become useless when exposed to the sudden shocks of rapid firing. Cast-iron is,

comparatively speaking, a weak substance for resisting extension, or for withstanding

the explosive energy of gunpowder, compared with that of wrought-iron, the proportion

being as 1 is to 5 ;
consequently, many attempts have been made to substitute wrought.-

iron cannon for cast,
, „ • , j

A gun, exhibited in 1861 by the Belgian Government, made of cast-iron 'prepared-

with coke and wood,' was said to have stood 2,116 rounds, and another, 3,6 i7 rounds,

without much injury to the touch-hole or vent. Another is said to have been twice

'rebouched,' and has stood 6,002 rounds without injury. As few guns of cast-iron

will stand more than 800 rounds without becoming unserviceable, this mode of pre-

paring the iron appears to be a great improvement. At St, Sebastian 2,700 rounds

were fired from the English batteries, but, as was observed by an eye-witness. ' you

could put your fist into the touch-holes,'

—

Colonel James, E,E.

In Prussia they have for some time made cannon of ' forged cast-steel.' To get over

the dif&culty of forging the gun with the trunnions on, the gun has been made without

them, and a hollow casting with trunnions afterwards slipped over the breech, and

secured in its proper position by screening in the cascable. The tenacity of this metal

must be very great.

Casting of Guns.—Guns have long been cast in a vertical position, and with a cer-

tain amount of ' head of metal ' above the topmost part of the gun itself. One object

gained by this (of great value) is to afford a gathering-place for all scoria, or other

foreign matter ; an end that might be much more effectually accomplished were the

metal always run into the cavity of the mould by ' gaits ' leading to the bottom, or

lowest point, in place of the metal being thrown in at the top, with a fall, at first, of

several feet, as is now the common practice, by which much air and scoria are carried

down and mixed with tho metal, some of which never rises up again, or escapes as

' air-bubbles.'

The value of the ' head of metal ' in casting of guns is shown by the following

Table, constructed by Mr. Kobert Mallet, after a series of carefully conducted ex-

periments, which he published in a paper entitled ' On the Physical Conditions involved

in the Construction of Artillery ' :—
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Zmrl)' ^ ^"'"'^ ^"^-^ ^^'^^^-^ ^^"^

9

10
11

12

13

14

15

16

17

18
19
20
21

22

23
24

25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41
42
43
44

45
46
47
48
49
50

Cloii of Iron

Apedale ,

Hardest Pro-
curable.
Oldbcny
Poukcy .

Pent'n-j-n

Oalder .

Shotts .

Dowlais
(Finery Pig).

Arigna .

Burchiirs
Muirkirk
Pentwyn (pe-

culiar)

Arigna .

Apedale (Cy-
linder Iron).
Pentwyn
CaMer No. 1,

-1- Pent'svyn.

Do. No. 2, -f p
Grey Cast-iron
(Blaenavon
No. 2 Scrap).
Monkland
Clyde .

Parkfleld
Apedale .

Devon .

Calder
Arigna
Scrap J

Calder
Scrap J.

h

Hot

Coia

Gartsherrie .

Low Moor
Shotts .

Blaina .

Arigna .

Gartsherrie .

Shotts .

Varteg Hill .

Calder .

Summerlie
Madeley Wood
Elsecar .

Cinderford
Carron .

Gartshenie .

Muirkirk . .

Mouldands
Dowlais .

Arigna .

Sbotts .

LilleshaU
Shotts .

Coed Talon .

Buttcrly
Coed Talon ,

Com.
mereial
No.

Cold No. 2

Scrap

Hot
Cold

Hot
Hot
Hot
Hot

Cold
Cold
Hot
Hot

Cold
Hot

Hot

Hot
Cold
Cold
Hot
Cold
Hot

Hot
Cold
Hot
Cold
Cold
Hot
Hot
Hot
Hot
Hot
Cold
Cold
Cold
Hot
Hot

Hot
Hot
Hot
Cold

Hot
Cold
Hot
Hot
Hot
Cold

No. 8

No. 3

No. 2

No. 4

No. 4
No. 4

No. 1

No. 1

No. 2

No.l

No. 3

No. 2

No. 2

No. 4
No. 1

No. 1

No.l
No. 3

No.l

Praoturo

Silvery'

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

No. 3

No. 3

No.l
No. 2

No. 1

No. 1

No. 2

No. 2

No. 1

No. 2

Micaceous

Bright Grey

Cliaracter lu Worklnu

Mottled

Dull Grey

Least fusible ; thick-
ening rapidly when
Huld by a sponta-
n eous ' puddling,' ve-
sicular, often crys-

I taUino, incapable of
being cut by chisel'
or file ; ultimate co-
liosion a masimnm,
and elastic rango
generally a mini-
mum.

Very soft; feels greasyf
peculiar micaceous
appearance, gene-
rally owing to excess
of manganese; soils

the fingers strongly,

crystals large ; runs
very fluid; contrac-
tion large.

r

Tough and hard, can
be with difSculty filed

or cut"; crystals large

and small nuxod;«
sometimesruns thick;
contraction on cool-

ing a maximum.

Toughness and hard-
ness most suitable for
working ; ultimate
cohesion and elastic

range generally are-

balanced most ad-

'

vantageously ; crys-

tals uniform, very
minute.

Less tough and hard
than the preceding,
other characters,
alike ; contraction on'
cooling generally a
minimum.

Sp. Gr How Call Physical MaxlmA
uud Uiu ima

r
7*603 Chilled
7'624 Sand Maximum den-

sity.
7-501 Sand
7-233 Sand Maximum ulti-

7-629 Chilled
mate strength.

7-527 Sand
7-158 Sand
G-378 Sand Full of micro-

scopic vesicles.

7-015 Sand
6-928 Sand
6-980 Sand
7-000 Band

7-308 Chilled
7-116 Sand

7-017 Sand
7-168 Sand

7-138 Sand Maximum con-
traction in
cooling.

7-294 • Sand
7-140 Sand
7-248 Sand
7-268 Sand
7-280 Sand
7-079 Chilled
7-134 Chilled

6-329 ChUled
sity forms as

No. 8.
7-115 Sand
7-150 Sand
7-152 Sand
7-159 Sand
7-141 Sand
7-001 Sand
7-183 Sand
7-074 Sand
7-0G4 Sand
7-156 Sand
7-115 Sand
7-097 Sand
7-049 Sand
7-081 Sand
7-047 Sand

6-838 Sand
7-124 Sand
7-164 Sand Minimum den-
G-809 Sand sity, solid.

7-109 Sand
7-205 Sand
7-152 Sand
7-030 Sand
7-063 Sand
7-020 Sand



ARTILLERY 235

Clou of Iron

Carrou .

Dowlais .

Dowlais .

Blaenavon
Muirkirk

Milton .

Calder .

Calder i, Pen-

tWTO h
Ai-igna i, Pen-

twjn i

Hot
or

Cold

Com-
mercial
^o.

Fracture

Cold No. 2 Dark Grey
Cold No. 3 ))

TCn 1i.> U. X »j

Cold No. 1 )»

Cold No. 2 )>

Hot No. 1 j»

Hot
it

»»

Character in Working

Most fusible ; remains

long fluid, exudes

grapliite in cooling

;

soils the fingers; crys-

tals large and lamel-

lar ;
ultimate cohe-

sion a minimum, and
elastic range gene-

rally a maximum.

Sp. Gr. How Cast

7'107 Sand
7'159 Sand
7'192 Sand
7-143 Sand
7-076 Sand

7'073 Sand
7'0'27 Sand
G-U78 Sand

7'050 Sand

Phyatcal Max ima
uud Minima

Minimum ulti-

mate strength.

Tabic showinq the Increase of Density in Castings of large Size, due to their SoHdifi.
Tabic

^er a Head of Metal, varying from two tojourteen Feet:-

p.

o

Calder Cast-iron, No. 1,

Hot Blast

4J EQ

0

2i
48
72
96

120

144

168

6-9551

6-9633
7-0145
7-0506

7-0642

7-0776

7-0907

7-1035

4^ d

•0082

•0512

•0361

•0136

•0134

•0131

•0128

Blaenavon, No. 1,

Cold Blast

4!) xn

5? g

2 E?
1^ •tt

0

24
48
72
96

120
144
168

7-0479

7-0576

7-0777
7-0890

7-1012

7-1148

7-1288

7-1430

•0097

•0201

•0113

•0122

•0136

•0140

•0142

Apedale, No. 2,

Hot Blast

Quam

prox.

Pi-essure

when

fluid

in

lbs.

per

square

inch

Depth

of

Cast-

ing

in

Inches

Specific

Gravity
First

DifEerence

0 7^0328 •0

24 7^0417 •0089 6-4

48 7^0558 •0141 12-8

72 7-0669 •0111 19-2

96 7-0789 •0120 25-6

120 7-0915 '0126 32-0

144 7-1046 •0131 38-4

168 7^1183 •0137 44-8

The experiments were made upon cylindrical shafts of cast-iron ^ast vertically in

dry sand-mould, under heads gradually increasing up to fourteen feet m depth, and

all noured from ' gaits ' at the bottom.
j. . 1. j i, i.

These experimfnts show an increase of density due to fourteen feet head, ahout

equal to a pressure of 44-8 lbs. per square inch on the casting; from 6-9551 to 7 1035

^°
A^tt^thetto of 1854, the attention of Mr. Eobert Mallet, C.E., was directed

to the mathematical consideration of the relative powers of shells m proportion to

their increase of size or of diameter. His inquiries resulted in a memoir Presented

by him to Government, in ^hich he investigated the increase of power m shells with

increase of diameter, under the heads of :-l. Their penetrative power. 2 Their

increased range and greater accui-acy of fire. 3. Their explosive power. 4^
The r

power of demolition, or of levelling earthworks, buildings, &c. 6. Their fragmentaiy

missile power. 6. and lastly, their moral effect,—in every case viewing the sheU, not

as a weapon against troops, but as an instrument of destruction to an enemy s works.

The result so convinced Mr. MaUet of the rapid rate at which the destructive powers

of a shell increase with increase of size, that he was induced to propose to Govern-

ment the employment of shells of a magnitude never before imagined by any one,

namely, of a yard in diameter, and weighing, when in flight, about a ton and a quarter

each - and to prepare designs, in several respects novel and pecubar, for the construc-

tion of mortars capable of projecting those enormous globes. Such a mortar was

made and on the 19th of October, 1857, the first of those colossal mortars, constructed

from Mr Mallet's design (fig. 91), was fired on Woolwich Marshes, mth charges (of

proiection) gradually increasing up to 70 lbs.; and with the latter charge a sheU

weighing 2,550 lbs. was thrown a horizontal range of upwards of a mile and a half, to

a height of probably three-quarters of a mile, and falling, penetrated the compact and

then hard dry earth of the Woolwich Kango to a depth of more than 18 feet, throwing

about cartloads of earth and stones by the mere splash of the fall of the empty shell.
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The drawing of this romarkablo pioco of artillery is presented—although, except

expenraontally, the mortar has iiovor boon used. It certainly is a remarkable example

p- I „ -J ^

—

of engineering skill. Mallet's mortar is formed wholly of wrought-iron in concentric
rings, and each mortar is separable at pleasure with 13 pieces, the hea^aest weighing
about 11 tons, the entire mass being 52 tons.

The position attained by Eifled Ordnance manufactured on the principles advocated
by Sir "William Armstrong is such, that it appears desirable to describe the mode of
constructing those guns. Sir "William Armstrong himself describes the principles by
which he has been guided in the construction of his guns, in his paper communicated
to the ' British Association,' and reprinted in ' The Industrial Eesources of the Tyne,
Wear, and Tees. ' "With some slight alteration this has been retained as the best possible
source of information.

' In the month of December, 1854, my friend Mr. Eendell, the well-known engineer,
submitted to Sir James Graham a communication he had received from me suggesting
the expediency of enlarging the ordinary rifle to the standard of a field-gun, and using
elongated projectiles of lead instead of balls of cast-iron. This communication was
handed by Sir James Graham to the Duke of Newcastle, then Minister of "War, with
whom I had an interview on the subject in company with IVIr. Eendell.

' At this interview I was authorised by his Grace to carry my views into effect, by
constructing, upon the plan I had suggested, one or more guns, not exceeding six in

number, and to make the necessary experiments in connection with the subject.
' In acting upon the authority thus received, I deemed it expedient to confine myself,

in the first instance, to the production of a single gun, hut to make that one gun the

test, not only of the principles I had recommended, but also of the feasibility of load-

ing field-pieces at the breech, and applying certain mechanical arrangements to

counteract recoil, and facilitate the pointing of the gun.
' The substitution of elongated solid projectiles for spherical bullets is an essential

step to the attainment of very extended range in artillery-practice ; but the lengtlien-

ing of a solid projectile involves the necessity of strengthening the gun to enable it to

resist the greater intensity of force which becomes necessary to give the required

velocity ; and this object can only be effected, consistently with lightness, by construct-

ing the gun of steel or wrought-iron instead of cast-iron or bronze. The tensile strength

of these several materials is exhibited in the following Table :

—

Breaking strain per
square inch of section.

Cast-steel, about 60 tons.

Sheer-steel

Wrought-iron .

Bronze or gun-metal, about

Cast-iron

42
26
16

8

' The first and strongest of these substances, viz. cast-steel, may be set out of the

question, as it appears impracticable, in the present state of manufacture, to produce
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it iu masses sufficiently large without the occurrence of flaws, wliicli, in the groat

maioritj' of cases, would destroy its efficiency. Sheor-steol may Le forged, like

wrou''ht-iron, into large pieces : but in a gun made from a solid mass of either of

these^substances, the full strength of the material can never bo realised, because the

tenacity of wrought-iron or steel is always less in the lateral than in the longitudinal

direction : and it is the lateral strength which, in a gun so manufactured, would bo

chiefly brought into action. There is also much uncertainty in the lateral strength

of wrought-iron or steel, because the flaws or imperfections of welding which exist

in all thick masses of those materials almost invariably run in the direction of the

length, and in general, therefore, only detract from the strength in the transverse

direction. It is for these reasons that the barrels of muskets and sporting guns are

formed by twisting long slips of iron into spiral tubes, and then welding together the

edges, by which means the longitudinal strength of the slip becomes opposed to the

explosive force of the powder, and the weldings being transverse with the bore, have

no important influence in lessening the strength of the barrel. It is also to be ob-

served, in reference to the strength of steel or wrought-iron cannon, that the resistance

of a cylinder to internal pressure does not increase in the ratio of its thickness. If

the cylinder be regarded as made up of a number of concentric layers, each capable of

sustaining without injury a degree of extension proportionate to its length, it is obvipus,

that the greater the circumference of each layer, the less will it be stretchedby a given

distention of the bore, and, consequently, the less will it contribute to the general

strength of the cylinder. The ratio of tliis decrease is very rapid, being as the

square of the circumference, or distance from the centre inversely
;
and, consequently,

when the cylinder is thick, the deficiency of strength from this cause becomes very great.

' Now this defect can only be remedied by giving to the external portion of the

cylinder a certain initial tension, gradually decreasing and finally passing into com-

pression towards the centre ; and although this condation cannot be effected by any

known process of forging or casting, yet where wrought-iron or steel is the material

used, it may in a great measure be attained by shrinking an outer cylinder upon an

inner one, and in like manner superadding others until the requisite thickness has

been acqidred.
' The method, however, of forming steel or wrought-iron guns, by simply forging

the material into the required form, and boring it in the usual manner, was so much
recommended by its facility, that I was induced to make some experiments to test its

sufficiency.

' With this view a number of cylinders were forged, each twelve inches long and
five inches in the outward diameter. These were bored to an internal diameter of

one and three-quarter inches, and tested in the following manner :—Each cylinder

was entirely filled with gunpowder, and the open end was pressed by screws against a
very thick iron tube bored to the same diameter, and containing a cylindrical shot of

lead equal in weight to about three spherical shot of the same diameter and material.

Several of the cylinders burst on the first discharge, and those which remained un-
injured were afterwards reduced in thickness, and tested a second time. If they still

resisted the explosion, the thickness was further diminished ; and this mode of pro-
ceeding was continued until fractiu'e took place in all of them,

' The results obtained in this manner showed, as had been apprehended, great un-
certainty in the strength of the material, and rendered it impossible to define the
thickness necessary to resist a given charge of powder. I felt compelled, therefore, to
dismiss this mode of construction, and to adopt another more correct in principle, but
more difficult of execution.

'In the above experiment it was found that steel was more subject to defects of
welding than iron ; but being a harder substance, and therefore more fitted to form
the surface of a bore, I determined to apply it as an internal lining, and to obtain the
necessary strength by encircling it with twisted cylinders of wrought-iron, tightly
contracted upon the steel core by the usual process of cooling after previous expan-
sion by heat. Considerable difficulties were encountered in carrying this plan into
practice ; but I ultimately succeeded in completing a gun, of which the following is
a description.

'The gun, when fired, recoils upon an ascending slide without displacing the
carriage, and then returns to its place by gravity. The slide-frame turns upon a
pivot, which permits the gun to be pointed to either side without moving the carriage.
The gun is elevated and depressed by means of a screw, which is fixed to and moves
with the slide, and a similar screw is applied for the traversing or horizontal move-
ment. The arrangement for loading at the breech may be described as follows : At
the back end of the gun a powerful screw is applied, having a hole through the centre
forming a prolongation of the bore, and through which hole the biillet and charge are
delivered into the gun. A ' breoch-pioco ' with a mitred face, fitting a similar faca
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at the ond of tho boro, is tlion dropped into a recess, and by tho action of the screw
pressed tightly into its scat, so as effectually to close tho boro.

' In order to facilitate tho loading, the buUot and cartridge are placed in a tube,

<rom which they are thrust into tho gun by means of a rammer.
' The broech-pioco contains a vent, Avith a cavity for receiving a small quantity of

powder to ignite the charge ; and as tho breech-piece is prepared for firing while the

gun is being loaded, no time is lost in subsequent priming.

'Several of these breech-pieces accompany tho gun, some being arranged to fijo by

percussion-caps, and others by friction-tubes or port-fires.

' Tho bore of the gun is one and throe-quarter inches in diameter, and contains

eight spiral grooves, having an inclination equal to ono turn in twelve feet. Thesfs

grooves terminate at a distance of fourteen inches from tho breech, and the bore then

gradually expands in a length of tlxroo inches, from ono and three-quarters inches to

one and seven-eighths inches in diameter. The bullet, in tho operation of loading,

passes freely through this -vvidoned space ; but its diameter being a little in excess

of tho bore, it lodges in the tapered contraction at the commencement of tho grooves.

' The mode in which the gun is made up of separate parts consists in surrounding tho

steel centre with twisted cylinders of wrought-iron, made in a similar manner to guii-

barrels, and being shrunk upon the steel, they are in that state of initial tension

wliich is necessary to bring their entire strength into operation.

' The weight of the gun by itself is about 5 cwts. ; but, including the carriage, its

weight is nearly identical with that of a light 6-pounder with its carriage complete.

It is probably heavier than necessary, but recoil might be inconveniently increased if

the weight were much reduced.
' Having now described the gun and its carriage, I shall proceed to speak of the

projectile.
. . , , . . .

,

' The resistance which a projectile encounters m passing through the air is mainly

dependent upon the area of its cross-section, and the advantage of lengthening a

bullet consists in augmenting tho weight without increasing this sectional area
;
but

in order to realise this advantage it is essential that the bullet be guided endways in

its course, and this can only be effected by causing it to rotate rapidly upon its longer

axis, which is accomplished by firing it from a rifled bore.
. ^ , f

' This peculiar influence of rotation, in giving persistency of direction to the axis ot

a proiectile.is entirely distinct from that which it also possesses of correcting the ten-

dency to aberration arising from irregular form or density; and m order to inyesti-

o-ate experimentally the nature of this action, I constructed an apparatus by which a

cyUndrical buUet could be put into extremely rapid rotation, and be then suspended

in a manner which left it free to turn in any direction.

' When thus suspended, the rotating buUet exhibited the same remarkable properties

as are possessed by the revolving disc in the recently invented instrument caUed the

' Gvroscope.' When pressure was applied to either end of the axis, the movement

which took place was not in the direction of the pressure, but at right angles to it.

Thus a vertical pressure deflected the axis horizontally, while lateral pressure de-

flected it vertically. But the important point elicited was this, that the time required

to produce these indirect movements became gi-eater as the velocity was increased,

and consequently, that the amount of deflection produced in a given time by a given

Ses'sure diminished as the rotation was accelerated. Now, aU disturbing force

SroperatT upon a projectile during its flight must necessarily be of veiy short

rontimmnce, and^can therefore have but little influence m diverting the axis when

''^1T:tunISi :;M;al buUet with tapered extremities was more easily de-

flected than one of equal weight with flat or merely rounded ends, because the mean
fleeted than one 01 equc ^ ^ly the mean velocity of rotation, were thereby

Sshed SoS twS:; as\ccur^^^ of flight depends upon the rigichty of the

LxTs l^t would appear that the nearest practicable approach to a plain '^ylj^der is the

S deSle form for a projectile, but there are other considerations which modify

'^^rWso tobe observed, that since tho rigidity of the axis (relatively to the

mag'iit^d^^^^^^^^^^

tion of thespral ^o^^^^^^^^ ,ore of

t^nSet^^rt^n inWeight fee^ should be sufficient for a bore of

six inches, P-vicM the same
f^^^J^ZlT^th^^^ we exceedingly nume-

. Tho forms of bidlet which I actu^^^^^^^^ ^ ^^^^ hardened by an

Z^^S^^C^^^ varied from two to three and a

half pounds.
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« In tvyine these rarious bullets, a number of each kind was fired against a vortical

bank at a distance of 435 yards. The gun was constantly pointed at the same object ,and

the closeness of the bullet-holes to each other was taken as the criterion of accuracy,

while thocbop below the level of the aim furnished an indication of comparative range.

• The conclusions arrived at from these and other experiments may be concisely

stated as follows :— . „ Hi. j>

. 1st—A pointed form at the front end of the bullet is unfavourable to accui-acy of

flight, unless the cyUndrical part of the buUet bo of considerable length ;
but, on the

other hand, a pointed or conoidal form behind, has the effect of increasing the accu-

racy attained. This may be explained upon the very probable supposition that the

blast from the mouth of the gun, impinging upon the rear of the bullet, will operate

more unfavourably upon a flat or hollow end than upon a rounded or comcal one.

' 2nd.—Increase of length in the cylindrical part of a bullet always increases

precision ;
but, when carried beyond a certain limit, lessens the initial velocity, even

whore the charge is proportionately augmented.
' 3kI.—Both range and accuracy were affected in an important degree by the manner

in which the bullet fitted the contraction in the gun. When the fitting part was m
front of the bullet, the pressure of the gas operating upon its sides compressed it, and

the same effect was produced, though in a less degree, when the conical, or rounded

end at the back, projected too far into the powder-chamber.

'These effects were rendered apparent by inspection of bullets recovered after firing,

many of which were found in nearly the precise condition in which they quitted the gun.

' The bullet ultimately selected is a little longer and heavier than those experimented

with, and differs from the pointed bullet, in being longer in the cylindrical part and

having a coned, instead of a rounded, end behind ; and although its drop in a range

of 435 yards, is considerably more than that of several of the shorter bullets, yet there

is little doubt it will excel them in range at higher elevations of the gun ; because I

have found that a pointed front only operates in sustaining the flight of. the bullet

when the range is long ; and a high initial velocity, which materially lessens the

drop in short distances, does not produce the same effect, in a corresponding degree,

when the distance is increased.
' Great improvements were effected in the accuracy of the firing, by modifying the

shape of the projectile ; but although the experiments were very protracted, I feel

that they require to be further prolonged in order to arrive at the greatest attainable

perfection in the form of the bullet.

• The ranges at different elevations were not ascertained with the form of bullet

ultimately adopted ; but with a three-pound pointed bullet and charges of twelve

ounces of powder, they were as follows :

—

Ranges with the rifled gun and three-'poimd bullets.

Elevation. Eange in Yards.

\° 408
1° 770
2° 1,112
3° 1,500
4° 1,840
6°

. 2,056
6° . . . . . . . 2,300
7° 2,600

' The powdar used was a mixture of blasting and ' double-seal ' powder in equal
proportions. The distances given are in most cases averages of several shots ; but
in some instances they were only ap]3roximately determined. When the gun had
more elevation than 7° the bullets could only be fired out to sea, and the range could
not be ascertained.

By way of comparison with these results, an extract is here given from the last
edition of Sir H. Douglas's ' Naval Gunnery,' specifying the ranges obtained with a
68-pounder throwing shot with full charges, which ranges, it will be seen, are, upon
the whole, no greater than those of the three-pound bullet fired from the rifled gun :

—

Ranges with a QS-jm^ider.
Elevation. Eange in Yards.

F 340

Measured to first gi-aze

,upon a plane about five

feet below the centre of

the gun.

1°

2°

4°

5°

6^
70

833
. 1,247

. 1,558

. 1,737

. 2,035

. 2,337
7° 2.440
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•In trying tlio initial velocity of tlio shot by means of a ballistic pendulum, I -was
enabled to observe its penetrating power. When fired with charges of 13 oz. of
powder, a 3-lb. bullet passed tiirough 2 feet 2 inches of hard elm timber, and flattened
against a cast-iron block forming the back of the pendulum. The initial velocity was
similar to that generally obtained with round shot fired with proportionate cliarges,

A-iz. about 1,560 feet per second.
' In the course of tlie experiments made with the gun, upwards of 500 rounds were

fired
; and ample opportunity was tlius afforded of judging as to the durability of the

parts affected by the loading at the breech. At first the fitting surfaces which closed

the bore were of unliardoned steel ; but these soon failed, being cut away in nume-
rous small channels by the ignited gases. The steel was then hardened ; but instead

of being rendered more durable, it yielded to the action of the powder more rapidly

than before. Conceiving, therefore, that the erosion was not a mechanical action, but
a chemical effect of combustion, and that a metal which was a better conductor of heat

than steel or iron would be less liable to burn on the surface, I was led to substitute

copper as the material of the parts affected, and no further difficulty was experienced.

The copper fittings applied for this purpose consist of two annular pieces, one of

wliicli is screwed into the breech end of the gun, and the other fitxed upon the breech-

piece. Those fittings can very easily and quickly bo repaired, when necessary, by

means of a tool provided for that purpose, and can also be removed and replaced by

others kept in readiness for use ; and there is nothing to prevent these operations

being performed by the gunners when on service, if they bo previously instructed.

' The advantages of loading at the breech may be stated as follows :

—

' 1st.—It permits of a bullet being used of a larger diameter than the bore, by which

means accm-acy of fit is secured, and the material of the bullet is forced into the

grooves of the bore.
' 2nd.—Any ignited matter remaining in the gun after firing may with ease and cer-

tainty be removed, or, if left in the gun, it will be thrust forward from the part where

its presence would be dangerous, by the insertion of the succeeding bullet.

' 3rd.—^In the arrangement which I have adopted, the perishable part of the gun,

viz. the vent and its vicinity, is comprised in the moveable breech-piece, which may be

easily replaced when worn or otherwise injured.

' 4th.—A rifled gun loaded at the breech maybe more rapidly fired than a rifled gun

loaded at the muzzle, because the fouling of the bore presents no impediment to the

insertion of the bullet when introduced from behind ; but as compared with smooth

bored ordnance of the ordinary description, there is probably nothing to gain in poii t

of quickness of firing.
t , « •

' The gun was remarkably free from tendency to become heated by firing, a fact

wliich can only be explained upon the supposition that the heating of a cannon is

occasioned, not by the contact of the fiame, but by some molecular action of the

metal, produced by the explosion, and more effectually resisted by wrought-iron than

by cast-iron or bronze ; but possibly the compound striicture of this gun may also

operate to deaden vibration, and prevent the evil in question.

' It may, perhaps, be objected to this gun, that from the smaUness of the bore, it

cannot be applied for throwing shells as well as solid projectiles ;
but the fact is,

these two purposes are incompatible with each other, unless both be imperfectly at-

tained, for while the one necessarily requires a large bore, the other demands a small

one - and it therefore seems preferable to have separate guns specially adapted tor

each application. As a civilian, I speak with difadence upon the advantages which I

believe the long range of this description of field-gun will afford m its militery ap-

T)Hcation: but I maybe permitted to observe, that the incident which chiefly con-

tributed to direct my attention to this subject still appears to furnish a forcible lUus-

tration of its importance. I allude to the memorable service rendered at Inkermann,

by means of two 18-pounders, laboriously di-agged from the batteries, and ultimately

directed with great gallantry and success against the Eussian artilleiy, at a distance

ToTlS the numerous but lighter guns of the enemy could not effectually reply.

Now These two battery-guns were but a clumsy substitute /or light, long-range guns

ShSd have rendered the same important service with more prompti ude and

Tie ami could have operated at a greater distance from the enemy s fire. It is per-

W cWefly as «guns of position," commanding import^ant points at great but as-

ceXinStancel that tlSse rifled guns would be
^^^^^'^^^^^^^^^^^^

only be made available where distance can be determined wluch it ea^^^^^

^
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5ron bars into cylinders and combining thorn in tho manner described, thoro

Zef r boTo g^eat difficulty in so doing, if proper apparatus bo provided for bo

^^ZZ It would not, howovoiN be advisable (except in peculiar cases) to apply the

^''•'^
i;nf InXff at the breech except to guns of small dimensions, because in heavy

S^£fh^nS^^ be'come'too cumbrous to be conveniently handled.'

The essential features of the Armstrong method of construction are .-

I« tTo disposal of tho fibre of the metal round the bore by coiling so as to

resist tS tangS strain, the welds running in the direction of the least strain as

"fntSife7plo;tnt of a breech-piece, to support the bottom of the bore, with

the fibre running lengthwise so as to resist longitudinal strain.

3^1 m shrinkini-on the dilferent portions, so that the exterior of the gun t^kes

a due share of tho strain. Mr. Whitworth's method of buildmg-up
J^J/J-T

'The tube of the gun is made taper, being in the 5l-inch-bore gun 1 inch larger ^n

diameter at the breech end than at the muzzle end ;
then a series of hoops are made.S are screwed together so as to form another tube that is put on by hydraailic

pressure; each layer is put on a little tighter than the succeeding one. -Evidence

Report on Ordnance. . . , . ti^^

The method of closing the bore of a built-up gun is an important question The

inner tubes of some of the large M. L. ordnance lately constructed in the Eoyal Gun

Factories, as well as those of some of Blakely's guns, have what are t^rnaed closed

ends, that is, the tube is not bored through to the bottom ;
the sohd end of the tube

in service-guns is supported by a cascable screwed into the breech-piece, and in

some of them also by a shoulder in the breech-piece. Sir W. Armstrong, Mr. Whit-

worth, and Maior Palliser use open tubes and close them by a plug of wrought-iron

or copper. The cascable in the Whitworth guns is not, like Armstrongs, cylin-

drical in form, but is shaped into two or more (screwed) cylinders, their respective

diameters increasing from bore to breech.

Breeoli of Armstrong's 10'5-inch gun. Breech of Whitworth's 7-incli gun.

In closing the bore of a M. L. or B. L. gun, one important principle should not be

neglected, viz. that as the gas exerts an equal force in every direction, the thickness of

the metal shouldbe as great, or nearly so, behind as over the charge. Inattention to this

principle, or its sacrifice to other considerations, is a source of weakness in many B. L.

guns. One advantage of an open end is, that the metal of the inner tube is relieved

to some extent from longitudinal strain.

The relative cost of large ordnance made in different ways was, when the last

edition was published, as follows :— £
Cast-iron guns 21 per ton.

Armstrong built-up ditto . . . . 100 „ (lately 87^.)

Krupp's steel ditto 170 „

Gun-metal ditto ...... 187 »

and, excepting the variation due to the price, of the metal, it continues relatively about

the same.

Bronze guns are valuable for recasting. Mr. Frazer has introduced modifications,

by which it is said the cost of built-up ordnance will be much reduced, viz. to 40Z. a ton

with a coiled inner tube, and to 55/. a ton with a steel tube. Mr. Whitworth told,

the Committee on Ordnance that his 5^-inch gun weighing 4 tons, and made of homo-
geneous metal (soft steel) cost 700/., which is about 175/. per ton. The question of the

relative advantages of breech- and muzzle-loading ordnance has been frequently dis-
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^ V , f
• IIo sayB :-' Various opinions aro hold as tlio rol-itiva

it ly""^
""^^ "^">^-l"-l"ading oKlnanio. but tho latter wouW appear to bot o best adapted t« general service, as they aro stronger for equal weighK moUlaml sunpler ,u construction. Tho advantages of loading cannon at the bre chTethat a rojcctilo of larger diameter tlian tlio boro can be used, and its axis w 1 con!sequently bo stable; that the gun can bo loaded when run-up, the gunner bStherefore less exposed; that tlio gun can bo worked in a smaller spaco Cthaii a ii lfpiece)

;
the clearing of tlio boro can bo moro readily effected, and any ignited sub"stance loll in tlio bore can bo seen and removed ; also there is no danger of the shot notl)cing Aowjc. This plan, however, is attended with tho following disadvanfiges viz

tliat tJio construction is moro complicated tlian that of a muzzlo-loading piece •' tint
It tJiQ gun bo of largo calibre, tho breoch-lwiding apparatus, when sufficiently stronaand heavy, will be unwieldy

; and that with tho same weight of metal, the breech-
loading IS a weaker and less enduring construction than tho muzzle-loading On thoother hand, a muzzle-loading gun has a simpler and stronger construction, but tlio guudetachments aro moroexposeil than with a breech-loading gun, and if loaded ciirelcs-ly
tho shot may not bo rammed hoDw, in wliich caso tho metal of tlio gun may be fracturwl
by the suddenly condensed gas.' •

On tho Systems of Killing, Major Owen, E. A., one of our best authorities, writes •—
In what does a system of rifling consist? Essentially in the method of givin^'

the rot^itory motion to the projectile. This definition will not satisfy some inventor^
who wish to claim a particular twist as a part of their si/stcm of rifling. It would'
however, bo quito_ as_ reasonable to claim a particulai- charge. The rotatory motion!
as you all know, is given to prevent tho projectile from turning over in flight • and
tho velocity of robition required depends upon tho form, length, and weight of tlio
projectile, no matter what the system of rifling may bo; in fact, tho number of re-

volutions made by a shot =!-^^-5^^, and therefore, with the same charge, the

same twist must be obviously necessary.'
' A twist, like a charge, may suit a particular rifled gun, but this is quite another

tiling. A gat7nng tmst is advant^igeous, for, by employing it, the initial strain uiwn the
gun IS reduced, the rotatory motion not being given when tlie shot is set in motion, but
gradually acquired as it moves down the bore. It is better to give rather more twist
than IS required under ordinary circumstances at the expense of a little extra strain

;

for should the twist be merely sufficient to impart tho necessary rotatory motion M'ith
the service-charge, the velocity of rotation will probably bo too low with a reduced
charge to keep the projectile steady in flight.'

The diameter of the bore has also been often mixed up -^vith the system of rifling,
with which It can have notliing whatever to do. As the diameter is dcerensed, so
will the elongated projectile oppose a less surface (in proportion to its weight) to tlio
resistance of the air, or that of tho substance fired at

; but, on the other hand, it i^ill
expose a less area to the force of the gas, and will therefore have a lower initial
velocity; it will have less cai^acity as a shell; its cartridge must be elongated, thereby
throwing the strain forward

; the amount of powder that can be usefully employed
will be. less ; and if tho length of the boro bo not increasecl, tho expansion of the gas
will be more, limited.. This question has been discussed, and should be thoroughly
understood. In the Table below the loss of initial velocity by decrease in the size of
tho bore is clearly shown :

—

Ordnance Charge

Projectile

Weight

Britten's (32-pounder rifled) .

Armstrong's 40-pounder . .

„ 3 -grooved shunt

,

Whitworth's 70-pounder

Armstrong's 70-pounder

Whitworth's 70-poundor

lbs.

5

9

10

lbs.

50-36

41-25

6&-40

68-56

74-60

68-56

Diameter

Initial

Velocity

inches
6-24

4-75
6-4

5-5 ~l

5- /
6-4

r -51

15- /

{

1,209

1,197

1,283

1,132

1,271

1,199

' The Initial -Velocity is very little aflfcctod by the system of rifling.
» This was particularly shown by the inaccurate practice of the GOO-pounder, when, fired with i

small charge
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Ar,. Whitworth and luB admirers have constantly assortpd that his small-hore gives

. fl^L^tmSy than the larger bores cliosen by Armstrong, Britten and others

a flatter trajectory vu b
circumstances, and arose partly irom the fact

X'whiSV^ ub'^^^^^^^ fired with charges of ^th of the weight of the

"
•

f •!« twoas the ereater number of other rifled guns used charges of only ith or

^ Uf i; mitwo fh fs qu tJ right to use as large a charge as he can, but it must ba

?fJ^;i.laccoSndra.ringcomparisons. Inpractice from two rifled guns of different

^'Se b rSngprTjectilfs of-the game weight with equal charges, the large bore
calibres, out nnn^ Ff"J"^'^ ,

ni^iectile with tho smaller diameter is less

;S^rfed it TL'Sy ^"adralltboSe 1.^^^^ as compared with the other

Tnti Wond aTerto n range the small bo^e will give the lower trajectory Small

Sores ];reW UtS« favour on the Continent, ahd it is for the authorities to demand

Mthpv a Inrfro or a small bore as eii-cunfist^inCos mJiy rei^uire.

The fo Wi- conditions are requisite in any rifled gun to ensure accuracy of

fire -a roSroi? motion must be given to the projectile round an axis P^^Uel to

orcoincid:nt\Sh. tliat of the bore; and the velodty of i^U^on imparted to the

projectile must bo sufficient to counteract the pressure of air tending to turn the .hot

°'S;™ui"el7ofS';:^^^^ projectiles to correspond have been proposed.

bu?Ltt of thTBys^^^^ of rifling that have been adopted by any service, or tned on

the iDractice-cround, may be divided into the following classes :—

(l^Me or breech-loading guns, having projectiles of iron fitting the peculiar

'°™0"
M^r^^^^^^^^ Fojectiles having soft-metal studs or ribs to fit the

^'(rriWe-loading guns, with projectiles having a soft-metal envelope, coating, or

CUD which is expanded by the gas in tlie bore.
, ,

(iHreech-loading guns, with projectiles having a soft-metal coating Urger in

diameter than the bore, but which is compressed by the gas to the forni oi the bore^

The eff-ects of those guns, and consequently their relative values, will be bestshowa

bv extracting from the 'Proceedings of the Eoyal Artillery Institution some of the

results as officially stated by the officers in charge of the experiments. The more

important of the targets have been selected, as representing the actual conditions ot

our ships at the time (1866), and of the power which can be brought to bear upon

tlie armoiu'-clad ships of an enemy.

« Warrior ' Target.

This target was 10 feet by 12 feet, consisted of three plates, made at the Park Head

forge, all 4 inches thick, and varying from 12 feet by 3 feet to 12 feet by 3 feet

*
^m^Horsfall aim used weighed 24 tons 3 qrs. 2 lbs., diameter of bore 13-_014 inches

diameter of shot 12-8 inches. It was first fired at 200 yards range, with a solid

cast-iron shot, weighing 279 lbs. and a charge of powder 74-40 lbs., which gave an

initial velocity of 1,630 feet, reduced at 40 yards to about 1,610 feet per second.

The shot completely pierced the target through and through, making an irregular

hole in the armour 2 feet square, and cracking but not buckling it.
. ,

From this and other similar experiments it appeared that the ' Warrior ship at

200 yards would be completely pierced by the Horsfall shot. A sohd shot ol an-

nealed cast-iron weighing 285 lbs. was fired at the same target with the same charge

as before, from a range of 800 yards. This grazed the ground 17 yards short, and

struck the target in the junction of two plates, breaking a large hole about J, teet

square through the armour, and burying itself in the timber backing This proves

that at 800 yards the real ' Warrior ' would be severely injured, but the skin would

not be penetrated by an individual shot.
.

Mr Whitworth made a series of experiments to prove the penetration ot his pro-

iectiles The shot and shell were fired from a 12-pounder breech-loader, a 70-pounder

muzzle-loader, and a 120-pounder muzzle-loader. Most of the shot and shell pierced

the target ; the following were the more remarkable results. A target was made in the

form ot" a box, with the object of putting to the test Mr. Whitworth s boast that he

could drive a shell . through the side of an armour-clad ship, and make it burst

between decks. , The shell fired on this occasion, with an initial velocity of 1,275

foot, passed completely through the 4-inch armour-plate and its oak backing, and ex-

ploded on the rear side of the box, the plate of which was indented 2i inches, bursting

the box and blowingaU six sides outwards.

A shell of homogeneous metal, weighing 127 lbs,, with a bursting charge of 3 lbs.

8 oz. and without a fuse, was fired at tlio same range wjth a ch{]irgo of 25. lbs. of

b2
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thJ^th fvllv?)'^ ^'""'"f
'^'^""^ ^'^fiS TluB BhoU went complotolytluough evorything, miidi to the UBtonislimont of ovory one preaent.

^

8linrfil?f?'"™'"fo on? ' ' to prove the effect of steel

rn^i 5i •
\^'^ ArniBtrong M. L. ™ght-iron «hunt rifled gun at 2,000 yards'

thnf; • "V'^'"^
^'^^'^'^y ^"t'' charge, is about 990 feet, andwio striking velocity 940'.

Moan weight of shell empty
Burster . . , .

Diameter of shell

"^"^"{TZu : :

Moan rocoil .

585 lbs.

24
13"24 „

23"

19-75

6 feet 1 inch

Tho third round struck about 10 yards short, and ricochetted onto centre of tar/yet
striking centre plate 4' 2" from left side ; hole in plate 16" x 13^", centre plate started
forward 6^' at top and 4^" at bottom on right side, and 3" at top, and 0-5" at bottom
on left side

; 11 armour-plate bolts started in centre plate and one in bottom plate
Upper plate blown off and lying at foot of target in front ; all the bolts (except three)
of this plate broken at nut—the three being drawn bodily out of the plate ; bottom
of upper plate, where shell entered, indented IJ" in length of 1 foot. At the back
ragged hole 4' x 2' 3" between third and fourth ribs from right side ; two ribs broken
and forced out, second rib from right bulged, angle-iron cracked ; skin cracked and
opened for length of 3' below hole. Seventeen armour-plate holes, twenty-one rivets,
and thirteen backing bolts broken. A great many splinters of iron, timber, bolt-
beads, &c., on raft. Shell on platform in rear of target broken up into four pieoeg.

77ie ' BellcrophoH ' Target,

The part of the ship which was tested by the target is that situated between the
main and lower decks, and not in the line of ports, the object being to test the
strength of the general side of the ship. Special arrangements are made to strengthen
the side in the vicinity of the ports, which will be few in number, as the ' Bellerophon

'

carries a small number of very large guns. These few ports are strengthened by
the introduction of additional iron to an extent which would not be practicable if the
number of ports were large.

Each frame of the target was made of angle-iron 10" x ^" x and two angle-irons
3i"_ X 3i" X I" riveted together ; to the double angle-irons of this frame the skin,
which is composed of two thicknesses of |" plating, making together 1

-J", with a
layer of painted canvas between, is riveted. On the outside of the skin-plating, four
horizontal angle-iron stringers are attached, two under the upper armour-plate
9i" X 3i" X i", tho broad flange being square to the skin, and not reaching out to
the armour by half an inch ; the other two are placed behind the lower plate
10" X 3^" X The breadth of the broader flange being the same as the thickness of
the backing, it reaches out to, and comes in contact with, the armour. "Wood backing
10" thick, is worked longitudinally on the skin-plating and between the angle-stringers,
bolted vnth nut and screw bolts through the skin-plating. The armour consists of
two rolled plates, 6" thick, manufactured at the Millwall works, weighing upwards
of 9 tons each. The upper armour-plate is bolted -Nvith bolts 2^" diameter, and the
lower plate with bolts 2f diameter. In one half of the target, divided vertically, tho
armour-bolts have elastic washers, and are clenched on single nuts. In the other half

the bolts have common washers with double nuts, and bolts not clenched. In erect-

ing the target, care was taken to support it behind with beam-ends, &c., so that tho
actual condition of the proposed ship's side might be approximated to as closely as

possible. All the portions of the target were carefully weighed, and the weight, as

reported by the Admiralty overseer, was 389 lbs. per square foot.

The range was 200 yards, and the shot named below struck the target. The most
decided effects were, however, produced by the guns named in the Table on the next

page :—
lbs. weight

From 10*5" Armstrong rifled gun :—

•

Spherical cast-iron solid shot, one . , . . • .150
„ steel solid shot, one 165

Cylindrical cast-iron solid shot, one 308

From 7*1" Ordnance Select Committee gun :

—

Steel shell, otie 119

From 7" Whitworth rifled gun :—
Steel shell, one .«..•••« 149
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From 5i" Wliitworth rifled gun :—
Steel shell, one . . . ^ , »

From 110-pounder Armstrong breocli-loading rifled gun :

—

Solid cast-iron shot, four . . . f
•

From 68-pounder smooth-bore gun :

—

Solid cast-iron shot, three . . » . .

lbs. weight

. 69

66^ each.

6Gi

Nnture of

Ordnance

Whitworth
gun.

10-5"

Armstrong
gun.

10-5"

Armstrong
gun,

7"

WliitAvorth

rifled-giin

Weight in lbs.

ot Projectile

Forms of

Projectile

Charge
in lbs.

69 Cylindrical. 12

Steel shell Bursting

charge

i IDS, O OZ.

150 Spherical. 35
Solid cast- 10-36 diam.

iron shot.

308 Cylindrical. 35
Solid cast-

iron shot.

149-5 Cylindrical. 27
Steel Shell Bursting

charge

5 lbs. 8 OZ.

in flannel

bag.

Bemarks

Struck the lower plate 8" from top and
5" from right side, on a bolt ; nar-

row crack on face of indent

;

armour-plate bolt driven in ^-inch
;

nut on bolt loose; one balk of

timber in backing split through.

Struck the upper plate 6" from the

lower edge on a bolt ; plate cracked

from bolt to bottom ; crack 9" long

on face of indent; crack 10" long

and 1" wide at 5" from circum-

ference of indent on right side

;

also two small cracks from bottom
of plate at 5" and 10'' respectively

from left side of circumference

;

plate driven in 3^ at lower edge in

length of 3'; plate started out 0'3"

at top on left side, and 0'2" from
lower plate. At the back a through
armour-plate bolt driven out 2"

;

the heads of two backing-bolts and
one rivet broken off; one backing
bolt driven out \\" ; skin bulged
slightly over area 1^ square.

Struck the armour-plate on the third

bolt from the right side, lower row
;

plate driven in 2'1" at bottom in

a length of 6'; a crack 18" long
through a bolt hole at 2' from im-
pact plate, started at 0*4" from the

backing on the riglit side for a
length of 2' at top. At the back one
through armour-plate bolt driven
out 2", the heads of four rivets and
one backing-bolt broken off ; vertical

frame-piece cracked through and
bent out slightly; beam-knee
crushed ; skin slightly bulged.

Struck lower plate ; head of shell

remained in hole
;
depth to nearest

point of shell 9^ inches. At the

back of the skin bulged at junction

of skin plates, bottom plate 2";

upper plate 1"; rib bulged out 2" at
2' from ground ; two deck-knees se-

parated from angle-iron 0'3 ; one
armour-plate bolt and three back-
ing-bolts broken ; burst in backing.

' Minotaur ' Target,

^ho arinout Is 61 inches thick, the thickness of the teak backing is reduced from
18 inches, as in the 'Warrior,' to 9 inches, which is considered af^ equivalent to 1 inch
of wrought-iron. The target used July 7, 1862, coHfitructed on those principles^ pre*
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sontod ii front of throd .ll'rtWtir-platos, ono mado by Messrs. Brown, of Sheffield,
anotlior hy the Thames Iron Works, and the tliird by Messrs. Bealo.
The guns used against this birgot \vero the l^-ton' Armstrong muzzle-loading gun,

throwing splierical 160-lb. cast-iron, and 162-11). wrought-iron shot, with SO-lb. charges
of powder, the former having an initial vo'locity of 1,750 feet, and the latter of about
1,700 feet per second; and a service 68-pounder throwing 67-lb, cast-, and 71-lb.

wrought-iron shot, with 16 lbs.' of pbwdei?; the east shot having an initial velocity

of 1,580 feet, tlio wrought-iron about; 1,530 feet per second; all at 200 yards' range.
The first loO-lb. cast shot struck the Tliamos Iron Company's plate, and mado a
hole about a foot square through the armour, and bedded itself deep in the teak. The
plate was buckled considerably, several bolts were started, two ribs cracked, the skin

much bulged in, four bolts wore broken, and a number of rivets.

The second 150-lb. shot struck the Sheffield plate, made a hole 13 inches by 12

inches in the armour, and sent pieces of tho armour-plate, shot, and teak, througli a
large irregular hole in the skin, tho armour-plate was buckled, threo bolts 'broken,

and other damage done. The third 150-lb. shot struck Messrs. Beale's plate, and did

similar injury. These wcro tho more important of tho trials mado upon this armour,

proving that the powers of resistance in tho ' Minotaur ' wore inferior to those of the
' Warrior.'

The 'Lord Warden' Target.

Tho target, 20 feet by 9 inches, represented the ordinary construction of a wooden
ship, armour-plated, -with the addition of a thick iron skin worked outside of the frame-

timbers of the ship. The following were the scantlings; frame-timbers moulded
12

J-
inches ; iron diagonal riders connecting the frame-timbers, 6 inches by 1^- inches:

inner planking 8 inches thick ; iron skin, 1^- inches thick ; outside planking 8^ inches

thick ; rolled armour plates 20 feet x 4 feet 6 inches x 4'5 inches manufactured by the

Millwall Company. The guns used were as follows {see Table,

Dno 68-pounder smooth-bore muzzle-loading gun
Ono 9'22 inches' muzzle-loading rifle gun 11 feet long, G

grooves.>.......<
One 9-22-inch muzzle-loading rifled gun 13 feet 3 inches long,

6 grooves . . . ,

One 10-5-inch muzzle-loading rifle gun 11 feet 7 inches long,

10 grooves
One 7-inch muzzle-loading rifled gun, 10 feet 9 inches long,

6 grooves .........
Some experiments wore made to test the resistance of some rolled armour-plates

made by Messrs. John Brown and Co., Sheffield.

The plates were of tho following dimensions :

—

One 13 feet 4 J inches, by 3 feet 7 inches, and b\ inches thick.

One 12 „ 2^ „ „ 3 „ 7^ „ » 6.i „ „

One 11 „ 9 „ „ 3 „ 8i „ „ 7-i ,> -i

They were secured by 2J-in. screw-bolts to tho skin and frame of Sir. Saniuda's

old target ; one-half of each plate had a backing of from 7 inches to 9 inches of teak,

and at tho back of the other half, it was left hollow for an equal interval between the

plates and the skin. India-rubber washers wero used under the nuts.

Tho guns- in position for trial were :

—

One 300-poundcr Armstrong muzzle-loading shunt gun.

One 9-inch Lynall Thomas gun.

Ono 7-inch Whitworth rifle gun.

One 110-poundcr Armstrong breech-loader.

Ono 68-pounder service 9o-cwt. gun.

All were firod at a range of 200 yards.
„ , ^ . ^„ , , .

The first three shots (all cast-iron) were fired from the 68-pounder ; one shot struck

each plate and mado indents 1^ inclies deep in the. 6i-inchand , i-inch plates, and 2

inches deep in the 5.i-inch plate. •
, i r i •

.

These were followed by throe shots from tho . 1 1 0-ponndcr, also of cast-iron, tho

indent upon the 5J-inch plate was 1-9 inch deep, that upon the 6i-in. was 2-0o inches

deep, that upon the 7i-iBch was 1-G5 inches deep. T.hero was scarcely any other

effect' visible.

Tons
0

Weight
cni). qrs.

95 0

lbs.

0

G 11 2 11

12 2 2 0

11 15 2 0

6 13 3 0
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Tho most romarkablo effects were as follows :—

Nature ot

Ordnance

Projectiles

Charge
iu lbs.

1

Bemarks

Nature
Weight in

lbs.

Foi-m and
Diameter

10 ft. 5 in.

Armstrong
rifled gun.

10 ft. 5 in.

rifled gun.

Stool

solid

shot.

Steel

solid

shot.

168-25

301

Spherical.

10-43

Cylindrical.

10-46

60

45

Struck upper plate 10 ft. from

bottom, and 9' 6" from loft

side on a bolt, penetrated the

armour-plate, making a liole

in plate 11-5" x 11, depth to

surface of shot 12", plate

driven in 1' 8" at bottom;

much damage was done at

the back ; two inner timbers

were rent and splintered and

thrust out, fragments pro-

jecting about 1'. Shot re-

mained in hole apparently >

whole.

Struck at junction of plates

5'10" from left of target;

bolts at 15", 13" and 14"

from hole started 0-8", 0-7"

and 0-4" respectively ; both

plates laminated round the

circumference of tho liole,

and two small cracks on

front of lower plate from

edge of hole. At tho back,

iron knee broken right off,

and lower limb (4' long with

three bolts in it), driven 60'

to the rear. Area of damage
8' X 4', five or six plank bolts

started and heads off; inner

timbers rent in fragments

and thrust out 1' 6"; large

splinters of wood scattered

all around. Shot struck a

large block of granite in

rear, and broke itself into

four pieces.

Tho next shot was from tho Armstrong 300-pounder, with a cylindrical stool shot

weighing 301 lbs., and fired with a 45-lb. charge of powder. This shot had a velocity

of 1,295 feet per second at 30 yards in front pf thci target, and struck the 7 J-inch plate

where it had the teak backing. The indent made was 6-2 inches.decp, and its diameter

about 12 inches, or rather a circular piece of this diameter was driven in to a depth of

6-2 inches, and nearly, if not quite, separated from the plate, which was of very good

quality. There is, therefore, here, a well-defined measure of the full force of tliis

sliot. Besides this local effect, the target had evidently received a serious shako
;

ono rib was cracked through and bent out ; a number of small rivets wore broken

;

the plate struck was buckled about 1^ inch and slightly cracked. The shot, which
rebounded from tho target, was set up about 2^ inches, and was of excellent material.

A cylindrical steel shell, with a cast-iron head, made on a principle designed by
Sir William Armstrong for tho purpose of penetrating iron plates by directing tho

force of tho explosion of the bursting charge forward, was next fired from the same
gun. It weighed 288 lbs., had a bursting charge of 11 lbs., and was fired with a

charge of 45 lbs. of powder, which gave at 25 yards in from tho target, a velocity of

1,320 feet per second. It struck the 5i-inch plate on the part supported by the teak
backing. It completely penetrated tho nrmour-plato, leaving a hole about 14 inches
in diameter, burst In tho teak backing, tearing away tho inner skin, and breaking a
rib, and carried a ^shower of fragments and splinters in board, The toak was sot on
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firo by the explosion, but easily extinguished ; one bolt was broken, and other injuries
done.

Altogether, for completeness of penetration and for the destructive effects which
would have been produced both upon the ship and crew, this experiment carries with
it great significance.

After this a cylindrical flat-headed homogeneous metal shell, weighing 148 llis.,

with a bursting charge of 5 lbs. 12 oz., was fired from the Whitworth 7-inch gun, witli

a charge of 26 11)S. of powder, whicli gave velocity at 30 yards in front of the target

of 1,265 feet per second. This shell struck the S^-inch plate near the hole made by
the last Armstrong shell, punched out a clean-cut hole about 9 inches in diameter,

and burst in the teak backing ;
beyond blowing out some of the timber, it added very

little indeed to the injury done by the Armstrong shell.

Lynall Thomas's 9-inch gun next missed the target with a round-headed solid steel

shot weighing 327 lbs., fired with a charge of 60 lbs. of powder, which at 646 feet

from the gun, gave a velocity of 1,220 foot per second.

The same gun next fired a wrought-iron solid flat-headed shot, weighing 302 lbs.,

with a charge of 60 lbs. of powder. The velocity of this shot was not obtained with

certainty, it struck partly on the 62-inch and partly on the 72-inch armour ; the

greatest depth of impression on the latter plate was 6 inches, and on the former 4

inches. The 7i-incli plate was cracked through a bolt-hole and round the indent,

as was also the 6^-inch plate, but altogether the injury done was less than had been

expected.

A hardened steel shot was next fired from the same gun ; it weighed 330 lbs., was

round-headed, was fired with a charge of 50 lbs. of powder, which gave a velocity

of 1,220 feet per second at 25 yards in front of the target. It struck close to tho

lower edge of the 72-inch plate, and made an irregular indentation, measuring about

1 foot by 1 foot 8 inches, and 7 inches deep; two bolts were broken, one rib broken

through, two others much bent, and the skin bulged in. The shot itself broke in half

lengthways.

After this the 300-pounder Armstrong shunt gun fired a spherical wrought-iron

solid shot, weighing 163 lbs. with a charge of 45 lbs., which at 30 yards in front of

the target, gave a velocity of 1,630 feet per second. It struck the 7i-inch plate where

it had no teak backing, and made an indent 3^ inches deep and 13 inches in diameter,

with a crack on the face of the indent; the plate was considerably bulged in ; and at

the back it showed a large starred crack. The shot was flattened out to a diameter

of 13 inches.

The material of which these armour-plates was made proA-od itself to be of uniform

and excellent quality.

The practical lessons to be learnt from such experiments seem to be these :—

-

1st. That guns are already in existence which can completely penetrate with shot

the best 7|-inch armour that can be made, and which can, with shell, pierce the side

of a ship built, as to frame, much more strongly than our best ship, and protected

with our best 5 J -inch armour.

2nd. That iron plates can now, with the improved manufacture of the country and

the energy brought out by the occasion, bo made of dimensions hitherto quite un-

attainable, and yet without losing anything in quality.

With the exception of America, other nations have done little or nothing in the

manufacture of guns throwing projectiles over 100 lbs. in weight. The United States

also boast the possession of two large rifled guns.

1st, an 8-inch gun . . . 175 lb. projectile, 16 lbs, charge.

2nd, a 10 „ „ . . • 250 lb. „ 25 lbs. „

The Table (p. 249) gives the comparative values of the British muzzle-loading

built-up ordnance and the American smooth-bore ordnance.

All cast hollow except the 10-inch of 5'35 tons.

All shell-guns except 10-incli 125-pounder.

20-inch gun only, at present experimental. ... , ,

Solid shot are only to be fired from the 15-incli K. S. gun at iron-clad vessels, and

then with 50 lbs. ; 20 rounds may, however, be fired with 60 lbs.
. , „

The S. B. guns are formidable weapons, although they are merely cast-iron shell-

guns Our guns being made of wrought-iron will not, on failure, break up like cast-

iron or steel ordnance ; and from their acciu-acy of fire, tho capacity of their shells,

and the power these latter have of maintaining a comparatively high velocity (in con-

sequence of their elongated form) the British are in all probability grejitly supenor

as weapons to tho American guns.
. „ „ . • . .

Professor Major Owen, E.A., has ably dealt with tho following important question .

1 • One of the most important questions at the present time is this : are monster guns



ARTILLEKY 249

Briiuih Muzzle-Loading Built-up Ordnance.

Gun Projectile

Nature Weight Charge Weight Burster

RiFLKD :

—

13-3"(600-poundor)

10-5" (300-poundor)

9-2" .

7"L. S..

7" N. S.

64-poun(ler .

Smooth-Bobe :

—

150-pounder .

100-poundor .

Tons

23

12

12

7

12

6

lbs.

7

35

44

25

25

8

r 40 -1

\. 20 Jm

lbs.

rSteelshot. . . 603

I „ shell . . 686

t Cast-iron shell . . 664

/Steel shot . . .301
\ „ shell . . 297

f
Steel shot. . . 221

{ „ shell . . 206

tCast-iron shell . . 202

rSteelshot. . . 100

< Cast-iron shot . .100
t „ „ shell . . 93

Ditto.

/Cast-iron shot . . 63^
1 oKaIi fin

„ „ sneu • • ou

f Steel shot. . .168
•I Cast-iron shot . .160
t „ „ shell . . 104

f Steel shot.

•1 Cast-iron shot . . 94

t „ „ shell . . 66

lbs.

24

15

11

15^

7J

4*

6.1

Smooth-Bore Cast-Iron American Ordnance.

Gun Weight of
Gun

Charge
Weight of

Shot
Weight of

Shell

Bursting
Charge of

Shell
Service Minimum

Tons lbs. lbs. lbs. IbB. lbs.

20-in. L.S. . 61*42 100 • • • 1,000

„ N.S. . 44-64 100 • • 1,000
15-in. L.S. , 21-91 50 440 330 17

„ N.S. . 18-76 35 60 400
13-in. L.S. . 14-61 30 300 224 7

„ N.S. . 16-07 40 280 224
11 -in. N.S. . 7-14 15 20 170 130

10-in. L.S. . 6-72
f 15 shell 1
\ 18 shot j' 172^ 100 3

„ N.S. . 5-36 12i 16 125 100
„ N.S. .

\

(or 125-poundor) j
7-36 40 126 100

required ? Opinions are divided ; but let us turn to facts, and see -what has been done.
I have endeavoured in tlio following Table (p. 250) to arrange some of the leading
facts in order, so as to give an idea (necessarily a rough one) of the projectiles and
charges necessary to actually penetrate certain structures at different ranges. I hare
not chosen the targets in preference to any others, but simply believing that they
represent the average resistance offered by sea-going vessels, and also for convenience
of comparison.

' It appears then, from what has been already accomplished, that there is at present
no occasion to employ monster ordnance for the destruction of ordinary plated
vessels.

• The guns we are now making, which will throw projectiles of 200 or 300 lbs. woiglit
with charges of 45 lbs. are, if properly used, winch no doubt they will be, quite
sufficient for the purpose. Further tlian this, however, it is probable that few iron-
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Target Penetrated hy Steel Elongated Projectiles.

Weight of

guu

I?rojc

Nature Diameter

Chargo Target

Yards cwts. lbs. in. lbs.

200 . . 8 12 Bhob 3 2J" iron plwite.

»» • • 12 ahcU 2^'' iron plato and
• • 12" wood Ijackiug.

81 110 shot 7 12 5 J iron plate.

134 104 „ 25 Warrior.

600 . . .
• 148 130 „ 6-4 25

>i

tons

800 . . • . 130 „ >) 27

I,o0'0» . .
•

. 12 221 „ 9-2 44
•

Siftall plate.-
3 301 „ 10-5 45

2,000 . .
• . 22 610 shell 13 . 70 "Warrior.

phited sea-going Vessels (now afloat) could withstand the fire of our rifled 7" gtiUs of

130 cwt, fired with 25-lbs. charges, at 800 or oven 1,000 yards' range for we must
remember that in actual warfare, vessels are constantly subjected to a continual fire,

and not merely a'few blows delivered at certain intervals of time; and that a structuro

may thus be kept in a constant state of vibration by tlie repeated impacts of shots,

and will offer less resistance than when time is allowed between the rounds, for the

metal of the armour to rcsiime its former condition of repose.. Wo should also

remember that the few plates upon which experiments arc visually made, are in all

probability of sounder construction than those produced in quantities for the plating

of several vessels ; also that when a ship has been for some time at sea, and may in

addition have been in action, the armour (bolt-plates and fastenings) will haA'o been

subjected to many sliocks and strains, and will, therefore, have been considerably

weakened.'

One of the most extraordinary of these large guns is the so-called ' Woolwich In-

fant,' which has bcsu recently (1873) severely injured by the heavy charges which

have been fired from it. The report of the Inspector of Ordnance upon the state of

the interior of the first 35-ton muzzle-loading rifled gim built for the ' Devastation,'

after 38 horizontal discharges from its 12-inch bore, is illustrated by the accompanying

diagram, in which a section of the inner portion is shown to scale, a is the inner end of

the bore, where tlie maximum pressure, varying from 20 to 66 tons per square inch

from identical powder-charges, was registered by crushing gauge, b is .the vent, where

the lowest pressures in the chamber were generally registered, c shows the base of

the shot six inches in advance of its seat, where it experienced the greatest pressure,

varyin" from 18 to 53 tons per square inch from similar powder-charges.
_
Ihe posi-

tions of the 700-lbs. shot are shown with 120-lbs. powder-charge, 1st, m its seat;

2nd, registering the greatest pressure; and, 3rd, with the rear-studs coming into

' Ascertained for this range by using a 30-lbs. cliarge at 200 y.-irds.

« MiSs of iron and 27 inches of wood; the wood and iron not disposed In such au advontagcoUB

manner for resistance na In the 'Warrior 'target.
, „„„ ,

' Ast^rtained for this range by using a 35-lbs. charge at 200 yards. .... . ...j
' iSult of a recent exferlment shows ' that a structure such ns the " Warrior " can lx>|ietrnt«!d

iit 200 yai ds- range with elongated shot, and shot cast int)hill when the fom of the latter is elhpHrnl.

fired from a 7-inch rifled gun with i charges
;

' and the report ^^ds, '
but H is pro^^^^^^ had the

T-Inch steel shot been' elliptical-headed, Instead of heniispherical.headed, renefration would also be

.effected at the longer range <1,20Q yards.)

'



Tho longitudinal positions of tho toiur tracks lour
,

greatest

or erosion caused by the escaping gas s are ^
b

enlargement of the bore ^7
^^'^^^^J^^^^^^^^^^^^^

^
The native of^h^se injuries would be

grooves are not stated in the official
f

P^jt- SLs could not bo shown in a

•Lrdly visible on so small a scale,
ideS^S^^^^^^ the other injuries

section. Two of the cracks wore on the 1°^°.^,
^/^^VVot froS a where the gi4atest

f 1-L inches long, centre 42f inches from a;
ff, 2^ inches long, centre 44.j incaes iroin

{ h Shes long, centre 48^- inches from a; rr, a roughness extending from 1 inch

fn fit onh: seS'onhe shot (28^ inches from a) to 65 inches from a
;
x bu^^, o

which the position is not specified, but approximately about 50 f
;°ches irom a.

Thepowd^i^e is^Wat. «J

tl' ?h?Zphical Magazine,' Captain Noble, of ^Iswick WorkjP«
an elaborate paper on the influence of the spiral in rifled ordnance ^1^° fjl^^S

abstract of that paper, freed from its mathematical formulce, with the critical re-

marks, is from an experienced hand,
i

• » ^
'Every one is aware that elongated rifled projectiles are the subjects of two prin-

cipal motions diunng their exit from the bore, viz., a motion of translation and a

motion of rotation. If the rotation bo efficiently accomplished, no other considerablo

motion ought to take place. But if unmechanical devices be resorted to for the pur-

pose of effecting the revolution of the elongated projectile, other undesirable move-

ments are set up within the gun. However, under any sound mechanical arrange-

ment for supporting and rotating heavy elongated projectiles, it is an ascertainea

experimental fact, that the force necessary to impart rotation is only a small fraction

of that required to give a high velocity of translation. Hence it follows, both m
theory, and as an ascertained experimental fact, that the increment of gaseous

pressure due to rifling is quite insignificant. It is M-ith this small fraction of expul-

sive force, and this insignificant increment of gaseous pressure, that Captain Noble

deals in his very neat mathematical investigation. He takes two utterly unmechanical

systems of rotating heavy projectiles—one with an uniform angle of spiral, and tho

other with an ever-changing angle—both employing studs, and ho yields the un-

mechanical precedence to tho stud acting in an uniform spiral. Whether this bo so

or not, is a philosophical question which appears to us to have been decided bjr Captain

Noble on erroneous data. Still, the formulas adduced ^-ill strike mathematicians as

particularly neat ; and, if they leave out of sight the whole of the practical objections

to tho increasing spiral, these formulas cannot fail to form most instructive beacons to

all mathematical artillerists.

' Captain Noble assumes that the action of studs within their grooves is uniform m
all the grooves. Now this cannot be, unless the major axis of tho projectile coincides

with that of the gun throughout the whole of its transit. He also assumes that,

previous to starting, tho studs are all in "driving" bearing, and at equal depths in

their several grooves ; whereas tho lower studs, on which the shot rests, and which

are the only points in contact with tho bore, are then touching tho " loading
|j

side of

their groove, and all the other studs are more or loss on the same, or " off" side of

their grooves. Before they can come into " driving " bearing, tho shot nnist move

forward, slightly in tho case of the uniform spiral, and about six or eight inches in

the parabolic groove. In the former case,, the so-called "-pressure " is a succession of

light blows all round tho bore ; and in tho latter, tho shot having attained aboxit ono-

'third of its velocity, it is a succession of very heavy blows. Now these successive

blows are concentrated on one-inch points of each groove, and, constantly recurring

upon tiie same spot, produce slight enlargements and roughnesses, which prevent tho

wnooth stud slipping away easily. Tho tendency of the shot's momentum, acting on

'o circle of points near tho centre of gravity and of figure, is to exert nn effort of rota*
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tion round those points, or, in other words, round the minor axis. Thus Boveral os-
cilliiting motions ;\ro sot up, tho force of which varies with the amount of the obstacle
iiud tho suddenness of tho force applied

;
i.e., with tho amount and nature of tho

powder-charge. Moreover, in the case of tho increasing spiral, further mechanical
forces are brought into operation at the muzzle, which have escaped Captain Noble's
investigation. An ever-changing angle of groove cannot be conformed to by a constant
angle of shot, any more than a male screw of one pitch can work into a female screw
of a different pitch. To meet this obvious mechanicil difficulty, only one stud, one
inch long, bears in each groove all along tho bore ; but when within twelve inches
of tho muzzle, an angle of twist is reached which coincides with the angle formed by
tho front and rear studs on the shot. Now as this is the spot where most of the
increasing spiral " guns give way, a mathematical examination of tho forces brought

into play near the muzzle would be fraught -with much interest. But these and
other mechanical inquiries find no place in Captain Noble's formula. He assumes
that the original action on the stud is a pressure, not a blow, and that this pressure
follows a uniform law throughout tho gun. Granting this singular hypothesis, the
conclusions are rather of a philosophical than practical character, dealing, as we have
said, with but a small fraction of tho force of translation, and a quite insignificant

increment of gaseous pressure. Subject to those deductions, his conclusions arewortliy
of note.

' Capbiiu Noble educes from his formulas what is, we doubt not, the fact, that in a
uniform twist tho pressure on the studs is a consbint fraction of the pressure of the

base of tho shot, the value of the fraction depending on the angles of the rifling.

The tension of the powder-gases at tho muzzlo being very small when compared with
their tension at tho seat of the shot, the studs have, on the uniform system, scarcely

any work to do at the muzzle, while tliey may be severely strained at the commence-
ment of motion. He estimates the pressure on the studs due to rifling as, in this

case, about 2^ per cent, of that required to impart translation to a 400-lb. shot in the

10-inch 18-ton gun, or about 682 tons' pressure when it has moved four inches,

and 9 tons at the muzzle ; whereas the substitution of the parabolic curves for

the uniform angle of spiral, according to Captain Noble's formulas, reduces this

pressure one-half, so that when the stud has moved four inches (i.e., before it touches

at all 071 the '^driving" side), it sustains 31*2 tons' pressure, gradually rising to 36

tons at the muzzle

!

'As Sir William Armstrong certifies that "the maximum pressure" (in the powder-

chamber) " causes the failure of the stud," the difference of powder-pressure arising

from a change of spiral is noteworthy. Captain Noble tells us that, small as the in-

crement in gaseous pressure due to rifling is, it is still less in the parabolic than in the

uniform spiral. Whereas the maximum bursting pressure is reduced from 19"7 tons

per square inch to 19"5 tons per square inch, by suppressing the rifling altogether in

the case of uniform spirals, the decrement of pressure due to the suppression of the

parabolic rifling is a reduction from 19'7 tons to 19'62 tons per square inch. The
gain then, to tho powder-chamber, from the employment of the increasing spiral, is

•12 of a ton per square inch. We commend this philosophical fraction to our artillery

philosophers, and would make them a present of this mathematical advantage. "\\Ticn,

however, we turn to the Tables of Pressures registered by the Committee on
_

Explo-

sives in the 10-inch 15-ton, which is the subject of Captain Noble's learned investi-

gation, we are rather puzzled to which of the pressures we are to apply the -12 of a

ton. We find similar powder-charges fired under identical conditions producing most

unlike results. We find these anomalous pressures with every description of powder

;

and we observe that the gun has this parabolic system of rifling, with its consequent

stud agency. Yet, with these great philosophical advantages, the powder-pressures

registered in the 10-inch gun, -with 87? lbs. P. charges and 400-lbs. shot, varied from

25 tons on the square inch to GZ'i tons, the latter expulsive force resulting in the least

velocity and striking force in tho projectile. Again 60 lbs. E.L.G. charges registered

powder-pressures varying from 36-5 tons to 57'8 tons on the square inch, under

idontical conditions, the highest expulsive force imparting the lowest velocity to the

projectile. Yet it is on tho register of pressures within this gun that Captain Noble's

calculations are based ; true, he does not select any of tho above figures for liis

formulas, but on the pressures registered with 85 lbs. P. charge, which happened to be

19-7 tons on the square inch. But, if a selection must be made between pressures varjnng

from 19-7 tons to 63-4 tons on tho square inch, it might be quite as well to close the

Report of the Committee on Explosives, and assume any number of tons at haphazard.

• Capbiin Noble has shown a matliematical gain of -12 of a ton prcs-sure on the square

inch by the adoption of the parabolic or increasing spiral. Wliat if the greater part

of this ast6unding variation of pressure from 19'7 to 63'4 tons on tho square incliA>'n8

ftttributablo to tho parabolic curve, or, to speak more accurately, to the stud system
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.HieK that jLJI^^^^ ^^Sd iSg

Bi?v of the i^reaBing spiral or parabolic groove. Honco it appears, that while

LS?2 of a ton prossL on the square inch, by employing thiB most unmechanical

SLice we are Adding at least 4 tons, and, probably, more, pressure occasionally

t i^JllT These are the deductions which we draw from Captain Noble s formulas,

and from the Keport of the Committee on Explosives. —Iron.

After the siege of Paris inquiries and experiments were made in all directions into

the^dat ve qufSties of bronle and stoel for cannon ;
amongst the metals tried wa

T)hosphorised bronze, of which MM. Montefiore, L^vy and Kunzel claimed to be the

FnSoT^ This cla m is now refuted, and it appears that sixteen years^ago the very

sLe aUoy was ntroduced to the French artillery by two officers, MM. de Eoulz and

I de Fontonay. In the years 1870 and 1871 a series of experiments were made at

mt in prSce of a commission of artillery officers of all nations, and the results

werelscrS in a pamphlet by M. L6vy, as highly favourable to the alloy in question.

iTs stated in that work, that an ordinary bronze gun founded at Liige, having been

fired forty-nine times with a charge of one kilogramme of^ powder and a shot.J^s

seriously iniured that itwasimpossible to continue the experiments withit, wh le another

gun of the same calibre (4)made of the new phosphorisedbronze. and fired with the same

charge, and the same number of times, exhibited no sensible injury whatever. Fiu-

ther comparative trials with bursting charges gave results equally favourable to the

new metal. In this case, guns of each kind were fired under the same conditions, five

times each, commencing ^vith one kilogramme of powder and a single shot and earned

as high as 1| kilogrammes, Avith a cylinder of the weight of 3 shot, with one charge

of U kilogrammes of powder, and 2 shot, and still more so with the same amount of

powder, and a cylinder equal to 3 shot. The interior of the chamber of both guns

was visibly enlarged, but rather more so in the case of the old than of the new metal

gun Finally, the phosphorised bronze gun burst with a charge of 1^ kilogrammes ot

powder, and a cylinder of equal weight. These experiments seemed conclusive, but

the French Government ordered further trials to be made at Bourges and other places

by acommission of artillery officers, with bronze guns of various alloys, and of foreign

as well as French make. The results as between ordinary and phosphorised bronze

are very different from those obtained at Li^ge.

The projectiles used at Bourges were long solid shot, weighing from 10 kilogrammes

to 20 kilogrammes for guns of 4, with charges of powder ranging from the ordinary"

quantity to 1,700 grammes, the biu?sting charge. With a charge of 1,150 grammes,

and a 10-kilogramme shot, the phosphorised bronze gun began to show cracks, while the

ordinary gun exliibited no serious injury whatever. The experiments were after-

wards continued with full charges of powder and 20-kilogrammes projectiles : at the

seventeenth or eighteenth firing the phosphorised bronze gun burst, and produced a

number of small fragments, without any appearance of enlargement of the circum-

ference. At the nineteenth round, the ordinary bronze-metal gun also burst, nearly half

the piece being blown off in one mass, which, as well as the rest of the gun, exhibited

expansion of the metal with longitudinal fissures. The conclusion the Commission

arrived at, after these absolutely conflicting results, was, that the ordinary bronze^used

for guns exhibits at least as much resisting power as phosphorised bronze, and is in-

comparably more malleable and less brittle.

Shells.—The hollow explosive projectiles that we call shells, or bombs, are a very

old invention. Under the name of ' coininges,' they consisted of rudely formed globes

of plate-iron soldered together, filled with gunpowder and all sorts of miscellaneous

' mitraille.' These were thrown to short Sstances both from ' pierriers ' (a sort of

mortar) and from catapultae, as early as 1495 at Naples, 1510 at Padua, 1520 at Heils-

berg, 1522 at Ehodes, and 1542 at Boulogne, Lifege. About the middle of the 15th

century bombs of cast-iron seem to have come into use ; an Englishman, named
Malthus, learned the art of tlirowing them from the Dutch, and perfected the system

for the French armies— -being the first to throw shells in France, at the siege of La
Mothe, in 1643. The diameter of the bomb seems at that time to have become fixed

at 13 inches—the old Paris foot; and at this it remains (-with very few exceptional

cases) down to the present day.

A few attempts to increase the size and power of these projectiles have been made
at different periods, but never with the practical skill necessary to success; for

example, 18-inch sliells wore thrown by the French at the siege of Tournay, in 1745 ;

whereas, just a century before, the Swedes threw shells of 462 lbs. weight, and
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miSl't?f"ri" f r^^J"'* V'" ^^'"y '^"P'^'^ A^*?'"" 1830, foundmimboxH ot old shellb of iioui-ly 900 lbs. in weight; and in almost ovory arBoiml andlonroBs in i^uropa ono oi- two old 16-ineh and 18-iudi bUoIIb aro to bo found Nouttonipt WIS mado in modern days to realise tlio vast accession of power that suchlargo sheila confer, until the year 1832, wlion the ' monster mortar,^ as it was then
callea, ot 2d inches calibre, designed by Colonel Paixhans (the author of the Paix-bans gun), was constructed by order of Baron Evain, the Belgian Minister of Warand attempted to bo used by the French at the siege of the citadel at Antwerp, butwth tho worst possiblo success. The mortar, a crude cylindrical mass of cast-iron,
sunk in a bod of timber weighing about 8 tons, and provided neither with adequate
moans for ' laying

' it, nor for charging it—tlio heavy shells weighing, when filled
with 99 lbs. of powder. 1,015 lbs. eacli—could witli difficulty be firad thi-oe rounds in
two hours, while tlio shells themselves wore very badly proportioned.

One of those shells fell nearly close to tho powder-magjizine, but did not explode

;

had it fallen upon the presumed bomb-proof arch of tho mag-.izino, containing 300,000
lbs._ of powder, it would have pierced it, according to tho opinion of all the military
engineers present at the siogo, and so closed the enterprise at a blow, Tho ill-

success of this_ mortar prevented for several years any attempt to develop bombs
into their legitimate office—as tho means of suddenly transferring mines into tho
body of fortiliod places—of a power adequate to act Avith decisive effijct upon their
works

; although some years afterwards a 20-inch mortar was made in England for
tho Pacha of Egypt, and proved at Woolwich.
But another circumstance still more tended to tho neglect of large shells thrown

by vertical firo. After repeated trials and many failures, it was found practicable to
throw 10-inch (and since tliat even 13-inch) shells from cannon, or ' shell-guns,' by
projecting them nearly horizontally, or at such low angles that they should 'rico-
chet ' and roll along the ground before they burst

;
and, thus fired, it was soon seen

that their destructive power as against troops was greater than if fired at angles
approaching 45° of elevation from mortars. Paixhans and his school had pushed a
good and useful invention beyond its proper limits, and had lost sight wholly of tho
all-important fact that horizontal shell-fire, powerful as it is against troops or shipping,
is all but useless as an instrument of destruction to the works (tho earthwork and
masonry, &c.) of fortified places; for this end, weight and the penetrative power due
to the velocity of descent in falling from a great height are indispensable.

A 13-inch shell, weighing about 180 lbs., is thrown, by a charge of 30 lbs. of

powder, barely 4,700 yards. While, -with not much more than double this amount of

powder, the 36-inch shell, of more than 14 times its weight, can be thrown 2,650 yards,

or much more than half the distance.

The explosive power, it is obvious, is approximately proportionate to the weight of

powder ; but, by calculations, of which the result only can here be given, Mr. Mallet
has shown that the total power of demolition—that is to say, the absolute amount of

damage dono in throwing down buildings, walls, &c. &c.—by one 39-inch shell, is

1,600 times that possible to be dono by one 13-inch shell; and that an object which
a 13-inch shell could just overturn at one yard from its centre, will bo overthrown by
tho 36-inch shell at 40 yards' distance.

A 13-inch shell penetrates, on falling upon compact earth, about 2^ ffeet. The
Antwerp shell penetrated 7 feet. The 36-inch shell penetrated 16 to 18 feet. Tho
funnel-shaped cavity, or ' crater,' of earth blown out by the explosion of a buried

shell, is always a similar figure, called a ' paraboloid
;

' its diameter at tho surface,

produced hy the 13-inch shell, is about 7 feet, and by the 36-inch shell about 40 feet.

No bomb-proof arch (so called) now exists in Europe capable of resisting the

tremendous fall of such masses, and the terrible powers of their explosion when 480

lbs. of powder, fired to the very best advantage, puts in motion tho fragments of more

than a ton of iron. No precautions are possible in a fortress, no splinter-proof,

no ordinary vaulting, perhaps no casement, exists capable of resisting their fall and

explosion. Such a shell would sink the largest ship or floating battery.

A single 36-inch shell in flight costs 25/., and a single 13-inch 21. 2s., yet tlie

former is the cheaper projectile ; for, according to Mr. Mallet's calculations, to transfer

to the point of effijct the same weight of bursting powder, wo must give

—

65 shells of 13 inches, at 2Z. 2s 115 10 0

Against 1 shell of 36 inches 25 0 0

Sliowing a Ba^nng in favour of tho largo shell of . 90 10 0

In 1871 we have tho follo-wing return of Cannon and Mortars exported :—



ASHES 255

To France.

,. Italy ...
„ Austrian Territories

„ Egypt i . . . .

„ Other Counti-ies

Gwt3« Vuluo.'

4,276 £19,236
24,060 63,000

1,200 7,600

. 664 6,635

3,224 11,494

33,424 107,865

ARUM VUIiOARE. A. maculaUm ; The Wake-rohin ; Lords and Ladies. In

Uio island of Portland a kind of arro-wroot was prepared from this plant. See Aeiiow-

"°ASBfiSTOS, from &<TPeffros, miconsumable. (Asbesie, Fr.: Asbest, Ger.) When

the fibres of the fibrous varieties of amphibole are so slender as to be .flexible, it la

called asbestos, or amianthus. It is found in Piedmont, Savoy, Salzburg, the iyrol,

Dauphin6, Hungary, Silesia; also in Corsica so abundantly as to have been made use

of by Dolomieu for packing minerals ; in the United States, St. Kevern in Cornwall,

in Aberdeenshire, in some of the islands north of Scotland, and Greenland. Asbestos

was manufactured into cloth hy the- -ancients, who were well acquainted with its

incombustibiUty. This cloth was used for napkins, which could b? clQansed by

throwing them into the fire ; it was also used as the wick for lamps in the ancient

temples ; and it is now used for the same purpose by the natives of Greenland. It

has been proposed to make paper of this fibrous substance, for the preservation of

important matters. An Italian, Chevalier Aldini, constructed pieces of dress which

are incombustible. Those for the body, arms, and legs were formed out of strong

cloth steeped in a solution of alum ; while those for the head, hands, and feet were

made of cloth of asbestos. A piece of ancient asbestos cloth, preserved in the Vatican,

appears to have been formed by mixing asbestos with other fibrous substances ; but

M. Aldini has executed a piece of nearly the same size, which is superior to it, as it

contains no foreign substance. The fibres were prevented from breaking by the action

pf steam. The cloth is made loose in its fabric, and the threads are about the fiftieth

of an inch in diameter. The Society of Encouragement, of Paris, proposed a

prize for the improvement of asbestos cloth. The use of it was publicly exhibited in

London in 1858.

Common Asbestos is found in fibres of a dull greenish colour, and of a somewhat

pearly lustre. In the Serpentine formations at the Lizard Point, in Cornwall, it is

common. Dr. M'CuUoch found it in the limestone of Glentilt in a pasty state, but

it hardened upon exposure.

Mountain Leather, or Mountain Paper, is not in parallel fibr6s liltb the" preceding,

but the fibres are interwoven. The thinner pieces bear the
;
latter hamo." Wanlock

Head is the best known locality in this country. '
'

.

Elastic Asbestos, or Mountain Cork, floats on water. It has, like the preceding, an

interlaced fibrous toxtiure. It varies in colour, being white, gtey, yellow, or brown.

In appearance and feel it is not unlike common cork, and it ha's a certain degree of

elasticity, hence its name. •

Mountain Wood, or LigniforTn Asbestos. This variety is usually iftassive, and of a

brown colour, having much the appearance of wood. It is found in several localities

in Scotland.

ASH. (Fraxinus excelsa.) Ash is superior to any other 'British wood for its

toughness and elasticity. It is therefore used for the frames of machines, for agricul-

tural implements, and the felloes of wheels. This wood is split into pieces for the

springs of bleachers' rubbing-boards. Handspikes, hammer-handles, rails for chairs,

&c., are made from the ash. All these and similar works are much stronger when
they follow the natural fibre of the wood. " Hoops are also frequently made of the

young branches of the ash. Eankine gives its tenacity as 17)000, and its modulus of

elasticity, or resistance to stretching, as 1,6001000.

Certain species of Fraxinus in the South of Europe yield a sweet exudation known
as Manna.
ASHES. In commerce, the word ashes is applied to the ashes of vegetable sub-

stances from which the alkalis are obtained. See Kelp, Barilla, &c.

It is the popular name of the vegetable alkali, potash, in an impure state, ns
procured from the ashes of plants by lixiviation and evaporation. The plants which
yield the greatest quantity of potash are wormwood and fumitory. See Potash,
PEAEiASH, and, for th6 mode of determining the value of ashes, Axkalimei'rt.

Commercially ashes aredividod into soap-ashos, wood-ashes, and wood-ashes.
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ASHES OP PXAKTS. Tho aalios of ull Bpecios of woods and woods aro found

to conuim sonio alkiili ; houco it is that the residuary matter, after tho combustion ofany vogotablo matter, acts as a stimulant to vogotjiblo growth.
Tho following analyses of plants liavo boon selectod from tho Tables which luive

boon published by Messrs. Thomas Way and G. Ogston, in tho ' Journal of tho Atrri
cultural Society : '

—

Pom
Hod

Clovur
Suln-
fuUt

Wheat
Craiit Ntrftw Bark-y Ottto

Turnip
lloot

Turnip
Letiet

Bert.
Uo«t

Carrot
Boot

Potnssn . . 42-43 3«-72 18-44 31-90 29-70 10-51 20-07 17-70 23-70 11-56 21-08 37-55
S(xla 3-27 0-14 '^-79 5-26 1-03 4-56 3-84 14-76 12-43 3-13 12-63

9-76

3-78

Llmo . , 5-73 12-0(! 35-02 -24-30 2-88 8-91 1-48 3-.14 11-82 28-49 I JXJ

0-92 0-00 11-91 6-03 11-OG 1-25 7-46 7*33 3-28 2-02 1 'Til

Scsquioxido of
iron 0-44 o-cr, 0-98 0-Cl 0-23 0-07 0-51 0-49 0-47 3-02 o 74

C-34
Sulphuric acid • C-23 4-28 3-91 3-28 0-11 2-14 0-79 1-10 10-13 10-30
Silica 1-74 1-52 4-03 3-22 2-23 73-57 32-73 38-48 2-09 8-04 1-40 0-70
Cnrbonic acid . 4-38 1-03 12-92 15-20 0-22 10-47 6-18 15-J3 16-15

8-37Phosphoric ucid 29-92 33-74 5-82 9-35 48-21 5-51 31-09 20-40 9-31 4-85 1-65
Chloride of po-

C-24 0-92
Chlorido of so-

dium 3-2C 4-13 0-78 7-05 12'41 49-51 4-91

Total umouut . 99-9C 100-00 99-95 99-9G 99-96 99-99 99-98 99-90 99-93 99-96 99-96 99-99
Per-ceiitage of

ash in the dry
substance . 2-60 2-90 7-87 6-37 2-05 2-50 2-50 6-00 16-40 11-32 6-12

Per-centage of

ash in the fresh
substance 2-24 2-54 G-77 5-65 1-81 •

«

2-25 . 2-27 0-73 1-97 1-02 0-77

A few additional analyses, by Prof. Way and other chemists, are given for the pur-
pose of showing the variations which exist in the constituents of plants as determined
by the analysis of their ashes :

—

Potatoes*
Lettuce

Leaves and
Stalk"

Olive-tree

Wood" Hops* Hay*
Sprouts

:

Clupea
Sprotus'

Potassa . . . 25-41 22-37 20-60 24-88 11-93 17-23

Soda . . . 18-50 1-07 1-19

Limo . . .
2'34 10-43 63-'()2 21-59 14-76 23-57

Magnesia 4-17 5-68 2-31 4-69 5-30 3-01

Sesquioxide of iron . 0-50 2-82 • • • 1-75 2-75 0-28

Sulphuric acid 4-71 3-85 3-09 7-27 0-20

Silica 3-64 11-86 3-82 19-71 53-43

Carbonic acid . 2-17

Phosphoric acid lo'ss 9-'38 4-77 14-47 6-34 43-52

Chloride of potassium 12-40 1-09

Chloride of sodium . traco 15-()9 3-42 2-27 11-19

Total amount . 100-00 90-99 100-00 99-95 100-00 100-00

Per-centage of ash in

the dry substance . 4-86 « • • 0-68 5-95 6-97

Per-centago ofash in

tho fresh substance • t • . * • • • « 6-15

The large amount of silica found in the grasses, constituting, as it does, much of their

outer coating, cannot fail to be noticed. The variations in tho quantities of phosphoric

acid are instructive.

A vast number of analyses of the ashes of plants have been collected and systema-

tically arranged by Dr. Emil WolfFin his ' Aschen-Analysen von landwirthschaftlichen

Producton, Fabrik-Abfallen und wildwachscndon Pflanzen.' 4to., Berlin, 1871.

• Oriepenkcrl. ' Griepenkerl. ' A. MUUer. » Way. • Hubert. • Way.
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» cwT or ASHXiXSR. Wlien stones are worked in regular beds and joints,

, w^.fl for faciiK- work, thoy are called ashlar. The stono used as ashlar is

"^Z^^^'^^-^ ^'^^^'--^ ""-^^^ ''''' '°

^"ASKMRiwG, in carpentry, arc tho short upright pieces of timbering or qnar-

tcil^iS, in gargets, to the floor and rafters, to cut off the acute angle which they

'"ASPABAGIXfE. S^n. Asparamide, altheine. C™0«+2Aq. (C^H«Kr=0= +

H•^ ) Aboautifully crystallisedsubstance, firstfound in asparagus juice byVauquebn

fncOoWet in 1805. It not only exists in a gi-eat number of Tegetables, but some

S^ch do not co^^^^^^ made to afford it by being grown m dark

• mpeeLrs Ma^^ normally containing only sma 1 quantities of it may bo

m rto Tie d morJ by being allowed to germinate in that manner. Among tho

V 'itables^ftom which it cau be directly obtained may be mentioned the following -
iCa ^cinalis, Asparagus aoutifolius, A. off., Atropa belladonna,

C muimora, Oynodon dactylon, GlycyrrUza glabra, Lactiwa saiiva, Ormtkogah n

caudatJt, Paris quadrifolia, Bobinia pseudacacia, Solanum tuberosum^uA Syivphytum

0^ The following Ust contains the names of some plants normally containing no

asparagine, but yielding it when allowed to germinate in darkness m damp cellars :

-
Stuuf arboreslns, Cytisus laburnum, Ervum lens, Genista juncea, Hedysarum

onobrychis, Lathyrus odoratus, L. latifalius, Fhascolus vulgaris, Ftsum sativum, I ri-

folhm pratense, Vicia Faba, and V. saiiva.
. , , ^ ^4„„

Preparation.—Perhaps the most convement and economical mode of procuring

aspara<nne is from the etiolated (blanched) shoots of vetches. When they have

acquired a length of two inches—which, under favoui-able circumstances, will be m
about three weeks—they are to be crushed, and the juice pressed out. The quantity

yielded mil be rather less than three-fourths of the weight of the plant.
_

It is tlien

to be boiled for a short time, to coagulate the vegetable albumen, and strained, ihis

clarified fluid is to be evaporated until almost syrupy, and put aside to crystallise.

The product is at first brown, but by washing with cold water, afterwards dissolving

in boiling water, and subsequent crystallisation, it may be obtained pure. If, previous

to putting the hot fluid aside to crystallise, a little pure animal-charcoal be added,

and the whole be digested a short time, and then filtered, the crystals ^^nll be obtained

brilliantly white at one operation. Some chemists advise the germination to be

allowed to go much further than was mentioned above, so that the shoots may bo as

long as 15 inches. The crystals obtained by the process given have tho lormula

C-s H» 0'= + 2 Aq., but the water is expelled at 212°. Asparagine possesses the

peculiarity of behaving like a base tx)wards strong oxides and like an acid towards

bases. The crystals obtained by the method given contain, in the 100 parts, carbon

32-00, hydrogen 6-67, nitrogen 18-67, oxygen 42-66, Dried at 212°, it has tho fol-

lowing composition: carbon 36-36, hydrogen 6-06, nitrogen 21-21, oxygen 36-37.—

C. G.W.
. . 1 , ^

ASPAKAGOXiXTE. A name given to a variety of apatite of tho colour ot

asparagus.

ASPARAGUS OFFZCXNAXiIS. An esculent vegetable belonging to the

natural order lAliaeca:. Tho young shoots sent up from the underground stem are tho

parts used.

ASPEI«r. Tho Popidus trcmnla. A tree native of almost all parts of Europe as

far north as Siberia. The wood is white, and is applied to many useful purposes.

The charcoal prepared from the aspen is said to be well adapted for gunpowder. See

Poplar Tree.
ASPHAI.T, ASPISAXiTUM;, or MXN-BRAX. PXTCH. {Asplutlte, Pr.

;

Asphalt, Bergpech, Ger.) A name applied to the solid varieties of bitumen. In

its purest form asphalt presents the appearance of a black or brownish-black

solid substance, possessing a bright conchoidal fracture. It fuses at 212° P._, burning

with a brilliant flame and emitting a bituminous odour. Specific gravity_= 1 to

1-2. Asphalt is insoluble in alcohol, but soluble in about five times its weight of

naphtha.

Tho mineral substances included under the rather -wide term of asphalt appear to

differ considerably in chemical composition. They may. generally be resolved proxi-

mately into certiiin oils, resins, and pitch-like solids ; whilst ultimately they yield

carbon, hydrogen, and oxygon, associated with a small proportion of nitrogen

and mineral matter. Tho asphalts appear to have been formed by tho evaporation,

solidification, and consequent partial oxidation of certain liquid hydrocarbons,

such as petroleum. Their ultimate origin may no doubt be traced to organic

sources.

Asphalt is found in small quantity in the carboniferous limestone of Perbyshire,
Vol. I. S
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SUiffbrdshiro, and elsewhere. It is gonernlly Baitl that mafisos of asphalt float on the
8iirlaco of the Dead tioa, or Lake Asplialtitos—whonco the name—hut according to
inodorn observers, the quantity found at iiresont is but smalL Tlio vast dcijosit
ot asphalt in tlio Groat Pitcli Lake of Trinidad is described under the head of
^iTUMEN. A substfuico kuowu as chapapotc, or Mexican asphalt, is imported from

Large masses of rock impregnated with asphalt are found in certain localities on
the Continent, and are important us furnishing most of the asphalt iLscd commercially.
Perhaps the best known of tliosu duposits is the great mass of Jurassic limestone in
the Val de Travers, at Seyssol, on tlio Rhone. Similar rocks occur at Limmer, near
Hanover

; in tlio Isle of Brazza in Dalraatia ; at Hollo, near Heide, in Holstein ; in the
Tyrol, and in Alsace.

Under the head of Bitumen will be found some historical notices of the ancient
use of asphalt and kindred substances for building purposes. In modern times
attention has frequently been directed to the utilisation of the asphaltic rocks of
Switzerland, especially as a source of asplialt for paving. Withoiit following the
vicissitudes of the Swiss workings since they wore originally commenced by Erinus,
in 1712, it may suffice to say that within the last few years considerable attention has
been directed to their development, and that they are now actively worked. Originally
the asphalt obtained from the rocks of those quarries was employed in the form of a
liquid, melted out from the limestone, and spread over the pavement—durability
being imparted to the material by admixture of coarse sand and by sprinkling sand
or gravel over the surface. The following is the modern method of laying down
asphaltic foot-paths, as practised in Paris :—A foundation is first formed by a layer
of concrete, the surface of which is carefully flattened. On this even surface, when
dry, the melted asphalt is spread. This asphalt is melted in a cauldron, and a proper
proportion of sand added—the mixture being kept stirred to prevent subsidence of

the sand. The asphalt is spread -with a wooden trowel over the concrete, and the

surface is finally smoothed over.

Of late, a very great improvement in the construction of asphalt roads has been
introduced, the merit of the new method being due to M. A. Merian, of Basle. The
asphalt is laid down in the form of a hot powder, and the powder is then beaten into

a compact mass. The process has been thus described by M. Leon Malo :—
' The

asphalt stone is brought direct from the quarries, and broken up into small pieces

about the size of those used for macadamized roads ; it is then heated over a stove, in

a drum-sliapod iron vessel with feet, till it crumbles into powder ; and in order that

the powder may not lose its heat, the whole apparatus is conveyed on to the street

where it is to be applied. Then a foundation of biiton (concrete) is laid, about 4 inches

deep, which may, however, be thicker or thinner according to the nature of the soiL'

The concrete having hardened, its surface is brought to the required curve, and a

layer of powdered asphalt, 16 to 20 inches thick, laid down, and compressed by
stamping, the surface being finally smoothed by a heavy roller.

The Val de Travers asphalt quarries are now largely worked, and several experi-

mental patches of paving with this asphalt have been laid down in some of the main

thoroughfares of London, and have in general proved highly successful.

In addition to the use of asphalt for pavements and roadways, the material is of

value as a waterproof lining for cisterns, and as a cement. It also finds application

in the arts as a component of certain varnishes. See Bitumen and Pavement,

ASPHAXT.
ASPHA-XiTElTfi. A product obtained from asphaltum by volatilising the oily

and volatile product ^eiroZc?ie.

ASPHAIiTXC MASTIC, used in Paris for large works, is brought down the

Ehone from Pyrimont, near Soyssol. It is composed of nearly pure carbonate of

lime, and about 9 or ten per cent, of bitumen.

When in a state of powder it is mixed %vith about 7 per cent, of bitumen or

minerivl pitch, found near the same spot. The powdered asphalt is mixed with

the bitumen in a melted state along with clean gravel, and consistency is given to

pour it into moulds. Sulphur added to about 1 per cent, makes it very brittle.

The asphalt is ductile, and has elasticity to enable it, with the small stones sifted

upon it, to resist ordinary wear. Walls having cracked, and parts having fallen,

the asphalt has boon seen to stretch and not crack. It has been regarded as a

sort of mineral leather. The sun and rain do not appear to affect it
;
and it answers

for abattoirs and barracks, keeps vermin down, and is uninjured by the kicking of

horses. . .

ASPHAI.T OIXi. An oil obtained from asphaltum by dry distillahon.

ASPKAIiTaM. See AsPKAi.T. -j

/ AspuALTUM, Gas-Tak, or Aetu-icial. When, with the thick pitchy residue,
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1 f -..,1 l.v ovaDoratin<^ off tho nioro volatile portions of gas-tar, sand, chalk or lime
obtained

|'y..'^V^P°^f;"^ aspluiltum. Tho nnnoral substances are strongly

^'l^iiSLSSrr^p^^ir^S^ S^ng a stream of air through a tube

orfth™Tel. There are several varieties used by chemists in the analyses of air.

0- w °"lsSs "^rSoZil'M^^^^ vessels placed one above another

anfc—icatiJg by ibe , wS ca'^ be opened or cloLl, so that when the ^vate^

ha rTSrX ifpper to the lower vessel, the apparatus, t^irmng for the pm-pose

nU horizontal axis, may be inverted, so as to repeat the process.

i^n aspTrS d^^ised some years ago by Mr. M. W. Johnson is of considerable

inteies as the principle of its action has of late received extensive apphcatioa

u the construction of certain forms of exhausting apparatus. The arrangement

f TntiW^ '<sDi^ will be readily understood from the accompanying figure

j;/95 . A . ;rco°LciLU a supply of water is fitted by means of a piece o

Sdia-mbber tubing to a small cylinder, A, opening below into a long straight glass

ube n and commimicating by means of a lateral branch, c, with the vessel through

which he stream of air is tobe drawn. On opening the tap the water .runs down

The tubes AB, carrying with it air, which it sucks m through the branch-tube, c
;
m

is way a stl-eam^oflir continues to flow in at c as long as water is allowed to xun

t iough AB. An aspirator of this form was fitted up by Mr. Johnson at the Koyal

Colle|e of Chemistry; and was desei ibed before the Chemical Society in 18o2. (
Joum.

Chem. Soc' vol. iv. p. 186.)

96

A

Johnson's aspirator is similar in

principle to the water-blowing machine

known as the trompe, used with the old

Catalan iron-furnaces, still working

in the Pyrenees and other parts of

Southern Europe. In the trompe, a

cistern of water is connected with

wooden pipes having small openings

called aspiraieiirs, communicating with

the external atmosphere. As the stream

of water descends from the cistern

95

tlirough the pipes, it draws down with it a current of air entering through these

(tspirateurs, and the mixed air and water passes into a vessel below, whence the
water flows out through a special aperture, whilst the air passes to the tuyere.

On referring to the ]previous flgure of Johnson's aspirator, it is clear that if the
s 2
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lateral tube, c, instead of being connoctod with an open tube through wliieh air canbo clrawn be connected wiUi a clo«ed receiver, the air will bo gradually sucked out of.tins vessel by the descending current of water, and a vacuum, more or less perfectmay bo thus obtained. This is, indeed, the principle of tlie admirable, though simple'exhausting apparatus introduced by Dr. Sprengel, in which a vacuum is obtained by
.the descent of a column of mercury. The mercury is placed in a largo funnelA (j?<7. 96), ^yhicll communicates witli a ghiss tube, c, d, longer than the tube
of the mercurial barometer, and open at both ends. The receiver, k, to be exhausted
IS connected wth a lateral tube, opening into the main tube at x. On pressing a
spring-clamp attached to the india-rubl)er connection below c, the mercury flows down
the tube, c, d. As the lower end of this tube opens a little below the kteral spout of
the bulb, u, the first portions of mercury hermetically seal this open end, and prevent
any ingress of air. The descending column of mercury is broken up into detached
cylinders separated by columns of air sucked in from the vessel n. The mercury and
air pass out at the lateral aperture of the bulb b ; and to economize the mercury, it is
from time to time poured back from the vessel h to the funnel a. As rarefaction
proceeds, the quantity of air enclosed with the mercury becomes less and less, and as
the exhaustion approaches completion the mercurial column is almost uninterrupted
by any air. At this stage of the operation, the falling mercury makes the character-
istic sound of a liquid moving in a vacuum, familiar in the common water-hammer.
When the exhaustion is complete, about 30 inches of mercury will bo supported in
the tube, c, d, and the remaining part of the tube, together with the lateral branch x
and receiver e, is in the condition of the Torricellian vacuum—that is to say, it is a
space containing nothing but vapour of mercury at very low tension. By means of
this mercurial pump a higher degree of rarefaction can bo attained than with the
ordinary air-pump. Dr. Sprengel found no difficulty, even with common cold mercury,
in rarefying the air to one-millionth of its original density. The inventor recommends
the use of an exhausting-syringe to remove the bulk of the air, employing the
mercurial pump only as an auxiliary in completing the exhaustion. In practice, the
Sprengel pump is not so simple in construction as that previously figured, but is
furnished with certain accessory parts, which do not, however, afifect the general
principles of its action. Some improvements in the pump have been introduced by
Prof. McLeod. (Eor Sprengel's original researches, see ' Journ. Chemical Soc' I860,
p. 9 : for McLood's improvements, see same journal, 1867, p. 307).

Dr. Sprengel, in explaining the action of his mercurial pump, says: 'My instru-
ment is merely the reverse of the trompe, with this addition, that the supply of air is

limited, while that of the trompe is unlimited.'

An important application of the principle of the Sprengel pump has been recently
made by Professor Bunsen, in his new method of filtering. The operation of filter-

ing is usually very tedious, and in many branches of manufacture a rapid method of
filtration is highly desirable. Bunsen's great improvement consists in accelerating
the operation by filtering into a flask from which the air has been partially with-
di-awn : the pressm-e of the atmosphere on the surface of the liquid in the filter

forces the liquid through the pores of the paper, and the partial vacuum on the other
side offers but little resistance to its passage. To effect the exhaustion, the vessel
which receives the filtered solution is placed in connection with a water air-pump,
that is, an apparatus on Sprengel's principle, but working with water instead of
mercury. This water air-pump is recommended by Bunsen, not only for washing pre-
cipitates, but for crystallising substances from syrupy mother-liquors. Both the
mercurial and water air-pumps may become of groat use in the arts, where a ready
and perfect means of exhaustion may be needed.

(For translation of Bunsen's paper on filtration with the filter-pump, see 'Philo-
sophical Magazine,' Jan. 1869, p. 1.)

The following form of spirator, devised by Professor Guthrie, will be found useful
in establishing a current of air for an indefinite length of time, by means of a con-

tinuous current of water. It may be employed either as aspirator in drawing, or as
oxpirator in forcing air through an apparatus. Its action will be readily understood
by referring to the accompanying diagram (fig. 97.).

A is a wide-mouthed 12-ounce bottle, whoso bottom is covered with a few milli-

metres of mercury, m. Through its well-fitting cork, c, four holes are bored. Into
the first of those, the wide tube open at both ends, g, is fitted, so that its lower
end is a little above the mercury, m. The upper end of g is provided with a cork,

through which tlio syphon-tube ./' passes. In the second hole of c the bent tube h is

fixed, in such a manner that its lower end dips beneath the surface of the mercury, m.
Through the third hole of the cork c, a straight tube, c, is passed, whose office is

to convey water into the bottle, K ; the lower end of c is a little above the mercury, w.
Through the fourth Iiolo in c a narrow tube, e, is fastened, whose longer exterior
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i;n,h dirs under the surface of the morcuiy, n, m the tube b. b is a small test-tube

SnedTthe bottom in three directions, and conbxining a few millimetres in dep*

^mercuryT It is fastened .vitli sealing-wax to A, and is provided wnth a cork

1 one orifice of which admits the tubec; through the other passes the bent

*"Tho'lower extremity of the tube / being placed far down a sink, and a gradual

stream oTwator being allowed to enter by as indicated by (1), the water m a rises

f^rSe iiris driven out of A (3), bubbles through the mercury,_.», and parses by d

4
'

rouii the aVp" r^^^^ employed. During this filling of a with waiter, he mor-

Sy rFeVonts the retrograde flux of water through L After a is filled, the waiter

97

c

rises in the tubes/ and e until it reaches the top of/, when this tube acts as a syphon

(5'), and being wider than the ingress tube c, gradually empties the bottle a (6). To

supply the place of this water, the air must enter by h (?'), and may thus be drawn

through the apparatus in use, while the mercury «, in b, prevents the regression of

the air through c.

The instrument has of course a simpler form when required to act only as an

aspirator, for then the tube b and its appendages may be dispensed wath.

AVhen an increased resistance has to bo overcome (the instrument being used either

as aspirator or as cxpirator), the tube /is drawn further out of the tubo^.

This form of spirator has been found to be certain in its action ; for with a con-

tinuous stream of water, the volume of air which passes through is in definite pro-

portion to the volume of water employed
;
and, indeed, the slower stream of water

tlio more nearly equal are these volumes, for in this wise the amount of water passing

throuirli c during the action of the syphon/, is inconsiderable.

ASSAFOBTIDA. {Asms, dried
;
fcetidus, fetid.) A fetid gum-resin obtaiijod

from the root of the Narthex Assafoeiida, and probably from some other species belong-
ing to tho Thnbdliferce.

ASSAXVSAR. {Assure, to roast; ^»iflr;{6, bitter.) A name given to tho bitter
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substance proclucod wlion giim, sugar, starch, or broad aro roasted until tliey turnbrown. Seo Caramel. ^

ASSAY. {Essai, Fr., Probe, Gor.) ASSATISTG. {J)ocimasi.e, Ft., Frohirhinst
tjor.) Assaying is tlio art of estimating tlio proportion of metals in minerals, ores'
nioUiUurgical products, and various alle)ys used for monetary and other purposes'.
It IS gonorally regarded as a branch of metiillurgy, and should occupy an important
place in metallurgical instruction. A knowledge of chemistry is essential to a correct
underst^mding of the nature of tlio operations, and of the reactions which occur in
the various assay-processes. To the practical metallurgist it is essential that the ores
under treatment at smelting works should bo sulmiitted to assay, to afford a clear
indication of the quantity of metal obtainable, and tlint the products of furnaces, &c.
obtained at various stages of tlio operations should also be tested, so as to exercise a
salutary control over tho working of the v.arious processes. To the miner, also, it is
indispensable to have tlie various parcels of ore submitted to assay, to ascertain their
economical value. Assaying may likewise be advantageously employed to test tho
working capabilities of ch-ossing machinery, or to control the dressing processes. It
is also of tho utmost importance that the alloys employed for monetary and other
purposes should be submitted to careful and exact assay, to ascertain that they aro
of the correct standard, and to prevent fraud. To the colonist and explorer, a know-
ledge of assaying would often prove of great service, in enabling them to ascer-
tain the nature and economical value of metalliferous minerals, or ores which they
may discover. Assaying has been practised for many generations; formerly the
assays were made by the agency of fire, and were, more or less, but miniature
smelting processes. Since tho study of chemistry has advanced, and -within com-
paratively recent times, other methods by the use of liquid reagents have been intro-
duced. The various methods of assaying, exclusive of those made by the blowpipe,
aro, therefore, conveniently divided into (1) assays by the dry way, (2) assays by
tho wet way.

1. Assays by the Dry Way.—These assays are made by the agency of fire, by
fusion of the ores or other substances, with or without tho addition of appropriate
fluxes and reagents in crucibles or other suitable vessels of iron, clay, or black-lead;
the requisite temperature being obtained in an air-furnace, muffle-furnace, or small
blast-furnace.

2. Assays by the Wet Way.—Tlieso assays aro made by the agency of water,
or liquid reagents.

1. By volumetric methods.
2. By analysis.

3. By mechanical means.

1. The Volumetric Methods of assay aro of comparatively recent introduction.
These assays are made by the use of standard solutions of known strength, supplied
from graduated vessels, as burettes, alkalimeters, or pipettes; unfortunately only
a few of tho numerous volumetric methods which aro known can be applied practi-

cally for tho purposes of assaying, as they are not sufficiently reliable, consume too
much time, or do not work with tho requisite degree of accuracy.

2. Analysis.—Tho methods of assay by analysis aro only used when other methods
aro not available, or in special cases.

3. Mechanical Methods.—These assays consist in the separation, by the agency of

water, of the substances associated or occurring with metalliferous minerals and
ores, and are performed by hand-washing on a vanning-shovel, or in a washing-boivl
of wood or metal. A known quantity of tho pulverised ore is put on a shovel, or in

a bowl ynt\\ water, and by certain rotary and other movements, to bo acqiured only

by practice, tho lighter substances are separated from those of greater specific gravity.

Tho vanning-shovel is usually employed for tin ores, and the washing-bowl, or tin

dish, for gold ores. Washing may also bo practised to ascertain tho nature and pro-

portion of certain minerals, as galena, iron pyrites, &c. present in samples of ores.

It may likewise be had recourse to for ascertaining tho proportion of metallic grains

present in slags or other furnace-products, and which may be afterwards extracted

from them by stamping and washing on the large scale.

Explanation of Terms tjsed in Assaying (by the Dry Method).

Fusion.—Rendering fluid by the aid of heat. The tcvm fritting, or semi-fusion, is

applied to materials wliich have softened sufficiently by heat to become cemented
together.

Eeduction.—Wlion a metal is separated from its compounds by another agent,

it is said to bo reduced, and tho operation is called reduction. Thus the reduction of
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£r.,lcna occurs when 5t is heated M'ith iron, the products being metallic lead and sul-

.In of iron • tho iron in this instance is callotl tho rcchwwg agent. When a metallic

oxido passes from a higher to a lower state of oxidation, it is also said to be re-

^""Tdcination, Boasting.-mion a powdered substance is exposed to the oxidising

action of heat and air, in order to expel tho sulphur, arsenic, carbonic acid, and other

matters, the process is called roasting, or calcination. If it is continued until prac i-

Sly completo, it is said to bo roasted sweet or dead. Accidental softening of tho

particles, so that they cohere, is called clotting.
.

Scorification.-A roasting-fusion process, employed m assaying silver ores.

Cupellaiion.—An oxidising-fusiou process conducted on a porous vessei called a

cupel, used in silver assaying.
i i

•
4.1,

Bistillaiion.—When a metal is volatilised by heat, and afterwards condensed in tho

liquid form, the process is called distillation. Tho term subliviation is applied when

condensation occurs in tho solid state.
„ , . , . ^ ., , j .1 .i

Liquatio7i.—When an ore or other substance, part of which is fusible and the other

infusible, or fusible at a higher temperatiu-o, is exposed to a temperature sufficient to

melt one portion and not tho other, tho fused product is said to bo liquated, and tho

operation is named liquation. For example, when sulphide of antimony is liquated

out from associated vein-stuff.
_

Fltix.—The substance which is added to another to render it fusiblo by tho applica-

tion of heat, is called a flux. Thus protoxide of lead or litharge is a flux for silica,

the melted product being silicate of protoxide of lead.

Slag. The product resulting from the fusion of an ore or other substance, which

floats on the top of the metal, regulus, or speiss. Those obtained in assay processes

are very variable in composition, such as silicates, boro-silicates, metallic alkaline

sulphides, metallic oxides, fluo-silicates, &c.

Begulus.—A compound of one or more metals with sulphur.

Speiss.—A compound of one or more metals with arsenic.

Button of Metal—The metal, or alloy, the result of assay, which is found at the

bottom of the crucible or ingot mould, after cooling. The small more or less rounded

metallic particles are called shots, or globules, or jyills.

For an explanation of the terms used in the wet way, such as filtration, precipita-

tion, &c., the reader is referred to works on chemical analysis.

FuBXAGES, Implements, Apparatus, &c. used in Assaying.

Furnaces.—They aro of three kinds. For a description of an air-furnace, see

'Copper ; of a cupellation furnace, see Siiver ; of a s7naU blast-furnace, see Iron.

Crucibles.—Open-mouthed vessels of clay, iron, or black-lead. Clay crucibles

should be well dried before use. When a crucible is charged with the assay mixtui'e,

it should not be more than from
-J-

to grds full. The following may be noticed :

—

Cornish Crucibles.—These crucibles are the best for general assay purposes, as

they withstand great and sudden alternations of temperature without cracking. They
also resist fairly the corrosive action of fluxes, and although they soften when exposed

to extreme temperatures, yet iron assays can bo made in them, provided the precau-

tion be taken of lowering the temperature somewhat, so tliat they become firm before

removal from the fiu-nace. They aro greyish-white, coarse in grain, and composed

chiefly of silica. They are generally sold in nests of two, and sometimes three, each

as used by copper assayers. Tho larger size aro 3 inches diameter at top, and 3g

inches high, outside measure. They may now be obtained of various shapes and
sizes.

Hessian Crucibles.—These crucibles, when genuine, havo nearly the same qualities

as Cornish pots, to which they approximate in composition. They are reddish-brown

in colour, generally triangular at the top, and are sold in nests of six crucibles, which

fit successively into each other.

London Crucibles.—These pots vary somewhat in shape and quality. They aro

light reddish-brown in colour, close in gi'ain, and have a smooth surface. They
resist the corrosive action of litharge and fluxes very well, but require caro in using,

to prevent cracking. They resist high temperatures well enough to be employed in

assaying iron ores. Crucibles known as ' skittle pots,' and made of tho same materials

as London crucibles, aro still used by somo assayers. They aro deep, drawn in to-

wards the top, to allow of plenty of room for effervescence during fusion, especially
when undricd materials are used.

French Crucibles.—Thcse crucibles have a greyish-whito or cream colour, are
thin, firm, very perfect in form, rfnd smooth externally. They withstand the highest
temperature of ordinary furnaces, antl resist well tho action of fluxes. They
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aro more oxponsivo than otlior variotios of clay cnicil.lcs. The so-called wMle
Jlnxvng pots made in London of Proncli firo-clay have the same shape, l)ut are rather
tliiclcer than tho true French crucibles. They uLso answer very well for assav
imrposcs.

Black-lead, or JPlumhago Critciblcs.—Thcso pots aro made of a mixture of plum-
l)ago and fire-clay. The best varieties withstand sudden alternations of tempera-
tures; resist tho highest temperatures without softening or cracking, but they
slowly burn away externally by repeated use. They aro employed in iron and tin
assaying.

Iron Crucibles.—Wrought-iron pots of various sizes and shapes aro used in lead
assaying. Those made out of one piece of iron, without a weld, aro preferable; but
tliey cost more than those mado from boiler-plate, or iron-tubing by hammering and
welding.

Porcelain Crucibles.—These crucibles aro mado of various sizes and shapes. They
aro chiefly used in assays by analysis.

Roasting Dishes.—Flat, shallow, thin circular vessels of fire-clay of various sizes,
used for the calcination of ores, &c., in muffles. Tho most useful sizes vaiy from 2 to
3 inches in diameter, and from f to f of an inch in depth, inside measure.

/Scor/^crs.—Cup-shaped vessels of fire-clay used in assaying silver ores
;
they

shoiild withstand sudden alternations of temperature, and resist the corrosive action
of litharge and metallic oxides. Those commonly used aro from 1^ to 2:[ inches
diameter at top, and from § to

-J of an inch in depth, inside measure.
Cwpcls.—Small circular vessels, having a shallow hemispherical cavity. They are

generally made of bone-ash, or other material which is porous, and resists the corro-
sive action

_
of litharge at tho required temperature. They vary from \ inch to 2

inches in diameter, according to circumstances.
Tongs, Scoops, Stirring Sods, Ingot Moulds, ^c.—For a description of these imple-

ments, see the assays of the various metals.
Balances.—Fov general assay purposes, three kinds of halances -will suffice. (1.)

To carry 500 grains, and tiu-n with y^ijoth of a grain : this may be used for gold and
silver assays, and for all purposes of exact weighing. (2.) To carry 1000 grains, and
turn -with from ith to ^-^th. of a grain. This will be found suitable for the dry assay
of copper, tin, lead, &c. (3.) To carry 10,000 grains, and turn -with ^th. to ^th of
a grain. Used for weighing out fluxes and other substances. In special branches of
assaying, -where a large number of assays of the same kind have to be made, it is de-
sirable to have balances constructed suitable for that specific -work.

Weights.—For general assay purposes the grain weights divided on the decimal
system are most convenient. Special weights are used by tin assayers, copper as-

sayers, bullion assayers, and others, to facilitate calculation. These will be noticed
under the respective metals when necessary.

Burettes, pipettes, and any special apparatus employed in -wet assays, or othen^ise,

•will be described under the assays of the several metals, when necessary.

Fluxes, Keagents, and other Substakces used m Assaying.

They should be kept in covered earthenware jars, or in a covered long rectangular

wooden box divided into compartments ; all fluxes, when practicable, should be used

in the dry state. Those employed in tlip dry way may bo classified as follows :

—

Fluxes. Carbonate of Soda, dried.-—Crj'stallised carbonate of soda contains about

63 per cent, of water, "which it loses on heating. Bicarbonate of soda is a convenient

substitute. Carbonate of potash may also be used instead. The alkaline carbonates

form fusible compounds with silica, &c.

Borax or Biboraie of Soda, dried or calcined.—Crj'stallised borax contains about

47 per cent, of water; when heated it loses this water, and swells up to a

A'ery light bulky mass, which is dried or calcined borax. If the temperature is in-

creased, it melts into a clear, colourless liquid, wliich on cooling constitutes glass of

borax. It forms fusible compounds with earthy and metallic oxides, as lime, oxide

of iron, &c.

Glass.—White glass, free from oxide of lead, such as plate-glass or window-glass,

is suitable for some purposes. Green bottle-glass may also be used where the presence

of oxide of iron is not objectionable. It serves to increase the fusibility of earthy

silicates, &c., and in some cases as a substitute for borax.

Silica.
—"White sand, or powdered quartz ; it serves as a flux for oxides of iron, lime,

&c.
. Fluor Spar, Fluor, or Fluoride of Calcium.—It should be selected free from galena,

copper pyrites, and other minerals. It forms veiy fusible compounds with sulphate

of baryta, sulphate of lime, phosphate of lime, silica, &c.
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China Clav Kaolin, or Hydrated Silicate of ^te«»««.-Wlicn pure it con ains

nW ner c;nt of water. It can bo deprived of this water by heating the powdered

d^^ to ^ s?rong r;rh^^^ Fire-clays and shale are sometimes used as substitutes

"^.-Unslaked lime is preferable. It forms fusible compounds with silica, sili-

""mfaraTiv''%Sv^^^^^ of Lead.-lt forms fusible compounds with silica, and earthy

anfmeSic oiiest&c. Eed lead, or white lead, or carbonate ot lead may also be

'""SV/ro^.-H^matite, or iron-scale, may be used as a flux, for siUca, and

regarded as a mixture of ca^Jonate of
p^^^

charcoal. It is prepared as foUows : 1 part of nitre, and from 2 to 3 parts of tartai

Jy"^Tght, are mixed, and deflagrated by stirring ^vith a hot iron rod until a^^^^^^

ceases, or by projecting portions of the mixture from time to time into a hot cnicible

The product is reduced" to powder and kept in a closely covered jar, as it is liable to

absorb moisture rapidly. The quantity of carbon m the product vanes ^^'^^I*:!:

portion and purity of the tartar, or argol, employed. Very convenient subst tutes a^^^^

iowused by mixing carbonate of soda with from 6 to 10 per cent, ot charcoal powder,

or with larger proportions of tartar, starch, or flour.
_

White Flux is essentially carbonate of potash. It is prepared m the same way as

black flux, by deflagrating a mixtm-e of equal parts by weight of nitre and tartar.

The nitric acid of the nitre converts the carbon of the tartaric acid in the so-caiieci

bi-tartrate of potash into carbonic acid, which combines with the alkali, and carbonate

of potash is formed.
. . .

,

Eefining Flux is a variety of white flux, generally made m a similar manner, witli

salt intermixed. It is used by copper-assayers for refining impure copper.

Keducing Agents. Charcoal Powder.—G6k& dust, and culm or anthracite powder,

are also used for some purposes, as they burn away less rapidly than charcoal powder.

Tartar.—Cream of tartiir, known in the crude state as red argol and white argol,

and when purified, as bitartrate of potash. Starch and flour fonn convenient sub-

stitutes.

Cyanide of Potassium.—Two varieties are used, one known as gold cyanide, and tlie

other common, which contains a large amount of carbonate of potash. As cyanide of

potassium has little fiuxing power, for some purposes the latter variety is preferable,

as the carbonate of potash forms fusible compounds with silica, &c.

Jron.—Wrought-iron in the form of iron nails, iron rod, or hoop-iron.

Oxidising Agents. Atmospheric Air.—This is the chief agent which acts in

roasting processes, in removing sulphur, as sulphurous acid, &c.

Nitre, ov Nitrate of Potash.—It is an anhydrous salt, and acts as a powerful oxidising

agent, on account of the large proportion of oxygen which it contains. Nitrate of

soda may also be used.

Litharge. Eed Lead.—These are also used for oxidising sulphm*, &c.

Salt, or Chloride of Sodium.—It acts as an oxidising agent upon metallic copper.

By some assayers it is used in nearly every dry assay process, to top-up with, or

cover the other ingredients. On account of its easy fusibility and comparatively low

specific gravity, it floats on the top of the products of fusion, and allays effervescence

or ebullition when fused. It also acts as a lubricator to the interior of the crucibles,

and enables the particles of matter to run down more freely. However, it can readily

be dispensed with, and as in most cases its use injuriously affects the result of the

assay methods, it is not advisable to employ it.

SuiPHTOisiNG Agents, used for forming metallic sulphides, or rcgulus. Sulphur.—

•

Flowers of sulphur or powdered brimstone may be used.

Iron Pyrites.—For some purposes it should be selected free from copper.

Sulphide of Iron.—Made by heating iron and sulphur together, or by fusing iron

pyrites with hoop-irOn.

DESTJi.PHTJRtsiNG Agents, uscd for the removal of sulphur by forming other sul-

phides, or by oxidation into sulphurous acid. Iron.—Hoop-iron, thin bar-iron, iron

rod, or nails, may be used.

Cyanide of Potassium.
Carbonate of Soda, dried, or bicarbonate of soda,

Litharge or Bed Lead.
AnsENicisiNG Agents, used for forming metallic arsenides or speiss. Arsenic,

raetaUic.

Arsenious Acid, in admixture with carbon.

DEAnsENicisiNO AoENTS, used for the removal of arsenic as a speiss, or by oxidation.
Iron, hoop-iron, &c.
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Atmospheric Air, in roasting.
^Ure, by conversion into arsonato of potash.

Xc«(?^^anXtod^^^^^'
"'"^'^ ^"^ collecting or dissolving gold and silver in an assay.

^Mercury
'^^"'^^^ J'^'-'^'^s load when heated with carbon or iron respectively.

Eeagents, &c., employed in the Wkt Way.

Solvents, or agents used in dissolving various substances,—i^'iVrw Acid. Hi/dro-
chloric Acid. Sulphuric Acid.
Reducing Aoknts, or substances used to reduce a metallic compound in solution to

a lower state of combination. Zim, granulated.—That in the form of bean shot,
obtained by pouring the metal into hot water, is preferable.

Sulphite of Soda. Protochloride of Tin.
JIetallic Precipitants. Zinc, in form of sheet, /row.—Wrought-iron, in form of

thin clean sheet, or round or flat bar. Protochloride of "En.
Special Eeagents, as permanganate of potash, sulphide of sodium, iodide of pofcis-

suim, &c., -will bo noticed when necessary.
For the methods of assaying the various metals, see Coppeh, Lead, Gold, &c.—R.S.

ASTERIA. {Starstonc). The name first used by Pliny to denote those
98 vnrioties of sapphire which display diverging rays of light.

ASTRAGAI^. An ornamental moulding, generally used to conceal a
junction in either wood or stone.

ASTRAGA^b PXAZTES. Planes fitted with cutters for forming
astragal mouldings. They arc commonly known as moulding-planes.
ASTRAGAXi TOOK, for turning. By using a tool shaped as in fig. 98,

the process of forming a moulding or ring is greatly facilitated, as one
member of the moulding is completed at one sweep, and we are enabled to
repeat it any number of times with exact uniformity.

ASTRAXiXTEl A glass resembling Aventukine, but containing

crystals of a compound of copper, which by reflected light exhibit a
dichroic iridescence of dark red and greenish-blue. It is said to be made
with 80 parts of flint, 120 parts of oxide of lead, 72 parts of carbonate of

soda, and 18 parts of anhydrous borax. Tc this are added 24 parts of scale

oxide of copper, and 1 part of scale oxide of iron. These are melted in

a Hessian crucible, at the heat of an ordinary air-furnace, and left to cool

slowly without being moved.
ATACABIXTE. A native oxychloride of copper, originally found in

the desert of Atacama in Peru. It forms small rhombic crystals, varying in colour

from leek to emerald green. Splendid examples of this mineral have been found at

Wallaroo, on Yorke Peninsula, and at Burra Burra, in South Australia.

ATKERXIffA. See Sabdine.

ATIMCOnXETER. (ar/ibs, vapour ; fitrpov, a measure.) An instrument to measure

the quantity of water evaporated in a given time under ordinary atmospheric

conditions.

ATMOSPHERE. The gaseous envelope surrounding this globe. The term is

also applied to any gaseous body enveloping anj' mass of matter.

The extent of the earth's atmosphere has not been determined with any great

degree of accuracy. The height of the air above the surface of the earth should vary

with the increase of the attractive force at the poles, and its diminution at the

equator, and the variations of temperature also affect the mass, but, owing to the

influence of centrifugal force, the spheroidal mass of air has a diameter shorter at the

poles than at the equator. The volume which a given quantity of air occupies

is directly dependent upon the pressure to which it is subjected-and upon the

temperature—so that the density diminishes as the distance from the earth's surface

increases.
i i

•

All the influences having been carcfidly examined and allowed for, calculations

have been made which appear to show that the atmosphere reaches, in a state of

density, which can be measured, to the height of about 45 miles. It may be assumed

that in a state of continually increasing tenuity, it extends to a considerably greater

distance from the earth's surface.
-j 1. 1 ^ f

The composition of the air has been determined under a considerable number ot

conditions, the mean result being to show that it is a chemical mixture of about 20

volumes of oxygen and 80 volumes of nitrogen (see Watts's ' Dictionary of Chcmistrj'

for a fuU account of the chemical examinations of the air.) Carbonic acid exists in
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the atmosphere in variable proportions ; the moan average being about 4 volumes of

carbonic acid in 10,000 of air. Ammonia and all the exhalations from the earth exist

as mixtures in the air, and on the jpresence or absence of these depends its healthful-

noss or otherwise.

The foIJo^Wng remarks are from ' Travels in the Air,' by Mr. James Glaisher, F. E. S.,

and as giring the results of his practical experience and carefid. observations

made during the numerous balloon ascents by that gentleman, they have considerable

value :

—

'Ever}' one knows that the pressure of the atmosphere is measured by means of the

barometer. A column of air extending to its limit, of the same area as the barometer

tube, is balanced by the column of mercury in the tube ; and if we -weigh the mercury,

we know the weight or pressure of the column of atmosphere upon that area. If the

area of the barometer tube be one square inch, then this would tell us the .pressure

of the atmosphere on one square inch. The length of a column of mercxiry thus

balanced by the atmosphere, near the level of the sea, is usually about 30 inches,

and if this be weighed, it will be found to be nearly 15 lbs. ; therefore the atmo-
spheric pressure on every square inch of surface is about 15 lbs., just one-half as

many pounds as the number of inches which expresses the height of the coliunn of

mercury.
' Now, in ascending into the air, part of the atmosphere is below, and part above

:

the barometer, therefore, has to balance that which is above only, and will, therefore,

read less.

'At the height of three miles and tliree-quarters, the barometer will read about 15
inches ; there is, therefore, as mucli atmosphere alDove this point as there is below,
and the pressure on a square inch is 7i lbs.

'At a height of between five and six miles from the earth, the barometer-reading
win be about ten inches ; one-third of the whole atmosphere is then above and two-
thirds beneath, and the pressure of a square inch is reduced to 5 lbs.

' The reading of the barometer varies with the altitiide at which it is observed, and
indicates, by its increasing or decreasing readings, corresponding changes in the
pressure of the atmosphere.

'At the height of 1 mile the barometer reading is 24-7 inches.

!. ). 2 miles „ 20-3 „
» » 3 „ „ 16-7

,,

)) )) ,j ,, 13'7
,,

» >> o » ,, 11*3
,,

i. » 10 „ „ 4-2 „
15 „ „ 1-6 „

» 20 „ „. 1-0 less.

' By the reading ofthe barometer in the balloon, the distiince from the earth is known

;

and if tlio balloon be situated above clouds, or in a fog, the reading of the barometer
indicates the near approach of the earth, and acts as a warning to the occupants of
the car to prepare accordingly. In addition to this temporary use, tlie readings com-
bined with those of temperature enable us to calculate the height of the balloon at
every instant at which such readings have been tsiken.

' The temperature of the dew-poi?it also deserves a few explanatory words.
' There is always mixed with the air a certain quantity of water, in the invisible

shape of vapour, sometimes more, sometimes less, but there is a definite amount
which saturates the air at every temperature, though this amount varies considerably
with different temperatures.

' A cubic foot of air at the temperature of—

30° is saturated with 2 gi-ains of vapour of water.
49° „ • „ 4 „
70 I) „ 8 ,, ,,

02i° „ „ 16 „

' Tlie capacity of air for moisture, therefore, doubles for every increase of temperature
of about 20 degrees. The temperature of the dew-point is the temperature to which
air must be reduced in order to become saturated by the water then mixed with it •

or it ia that temperature to which any substance, such as the bright bulb of a
hygrometer, must be reduced before any of the aqueous vapour present will lie
deposited as water, and become visible as dew. The temperature at which this first
bedewing or dulling of bright surfaces takes place is the temperature of the dew-point.
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I' or instanco, I have already said that two grains of water saturate a cubic foot of air
at 30°; if, therefore, tho temperaturo of tho air bo 40° and there bo two grains of
moisture in a cubic foot of air, tlien if tlio bulb of tho hygrometer be reduced to 30°
a ring of dew will appear on it, caused by tho deposition of tho water in the air,
Tho determination of tho dew-point at once tells us, therefore, tho amount of water
present, and, combined witli tho temperature, enables us to determine tho hygrome-
trical state of the atmosphere.

' If tho air bo saturated with moisture, tho temperature of tho air and that of tho
dew-point are alike ; if it bo not saturated, the temperature of tho dew-point is lower
than that of the atmosphere ; if there bo a great difference between the two tempera-
tures, tho air is dry, and if this happen when tlie temperature is low, there is A'ery

little water present in tho air. By tho careful simultaneous readings of two thermo-
meters, one with a moistened bulb, and the other dry, or by the use of a Daniell's or

Kegnault's hygrometer, the amount of water present in tho air in the invisible shape
of vapoiir can bo determined, as well as the temperature of the dew-pojnt and the
degree of humidity.

' The degree of humidity of the air expresses tho ratio between the amount of wat«r

then mixed with it, and the greatest amount it could hold in solution at its then

temperature, upon the supposition that the saturated air is represented by 100, and
tho air deprived of all moisture by 0. Thus : Suppose the water present to be

one-half of the quantity that could bo present, the degree of humidity in this case

will be 50. If tho air were at the temperature of 30°, and there were two grains of

moisture in the air, it would bo saturated, and the degree of humidity would be 100.

If thero were one grain, that is, one-half of the whole quantity that could be

present, the air would be one-half saturated, and the degree of humidity would bo

represented by 50.

'At 49° with 4grainsofmoistm-e
The air is saturated and the

" Ji " "
I degree of humidity is 100.

•But at 49° mth 2 grains of moisture ^ The air is one-half saturated,

"
ooio " Q " " f and tho degree of humidity is 50.'

ATOM, (a, not renvoi, I cut.) An indivisible particle.

With few exceptions, tho views promidgatod by Dr. Dalton are received by chemists.

They may be thus expressed : All elementary bodies are formed of individual atoms,

the different species of which unite, generally by twos, in a small number of groups,

constituting compound atoms of the first order, always mechanically indivisible, but

chemically divisible, and, in their turn, constituting all the other orders of composition

by a series of analogous combinations.

"We are not enabled by direct experiment to determine the condition of any ultimate

atom of matter; but the results furnished by chemical science clearly point to the

existence of elementary units, from which all the infinite varieties of matter are

formed. Sir Isaac Newton thus expresses himself :— ' All things considered, it seems

probable that God, in the beginning, formed matter in solid, massy, hard, impene-

trable, movable particles, of such sizes, figures, and -niili such other properties, and

in such proportions to space, as most conduced to the end for wliich Ho formed them

;

and that these primitive particles, being solids, are incomparably harder than any

porous bodies compounded of them ; even so hard as never to wear or break to

pieces • no ordinary power being able to divide what God Ilimsclf made one in the

first creation. Wliile the particles continue entire, they may compose bodies of one

and the same nature and texture in all ages ; but should they wear away, or break m
pieces, the nature of things depending on them would be changed. Water and earth

composed of old worn particles would not be of tho same nature and texture now

with water and earth composed of entire particles at the beginning. And therefore,

that nature may be lasting, the changcs.of corporeal tilings are to bo placed only in

various separations, and new associations, and motions of these permanent particles

;

compound bodies being apt to break, not in the midst of sohd particles, but where

those particles are laid together and touch in a few i^omts. -Hor^la/ s iScwton.

AVith the metaphysical theories, which would lead us to regard all matter as mere

accumulations of force, it would not be proper at present to deal.

l^xperimental philosophy has proved to us that the concbtions of matter are deter-

mined by covinm polar-attractive forces ; and that the-so are opposed or balanced by

heat, electricity, and tho force which regulates chemical combination. Consequently,
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atom of matter may be regarded an the centre of such a set of physical

' Dictionary of Chemistry,' and the supplementary volume.
. ^ . ,

ATOIVEXC THEORY. The question as to whether matter be or be not infinitely

divisible, has been debated from the earliest times, and is probably as far from a

settlement as over ; we can. however, scarcely conceive of the existence of matter at

all, if there be no limit to its divisibility. It is easy to demonstrate that a mathe-

matical line is infinitely di-vnsible, but a mathematical line is only an ideal thing

;

having only one dimension, it can have no physical existence. We have, therefore, no

hesitation in admitting the existence of atoms of matter—of particles infinitely small,

it is true, as regards our perceptions, far exceeding in minuteness the finest sub-

division to which we can submit a body, but yet incapable of further subdivision. To

sucli insectible molecules the term atom has been applied.

If we take any substance chemically complex, we may suppose the existence of

atoms in this body, held together by the force of cohesion, which are themselves

heterogeneous, being made up, in fact, of atoms of the elementary chemical con-

stituents.

Dr. Dalton suggested the happy idea, which has been most fruitful in its results, of

accounting for the constancy of chemical combinations by assuming that they were

composed of one or more atoms of the several elements, the weight of which atoms is

represented by the combining proportions ; that carbonic oxide, for instance, contains

single atoms of carbon and oxygon, whilst carbonic acid is composed of one atom of

carbon and two of oxygen.

It must always be remembered that the combining proportions are purely the

results of experiment, and, therefore, incontestable, whatever may be the fate of this

theory, which, however, has now stood its ground for many years, and done excellent

service to science.

This theory offers a most satisfactory explanation of the different laws of chemical

combination.

The fact of bodies uniting only in certain proportions, or multiples of those pro-

portions, is a necessary consequence of the assumption that the weight of the

elementary atoms is represented by the combining proportions ; for, if they united in

any other ratio, it would involve the splitting up of these atoms, which are assumed

to be indivisible.

And, of course, the combining proportion of a compound must be the sum of the

combining proportions of the constituents, since it contains within itself one or more
atoms of the several constituents.

The term atom is, therefore, very often used instead of combining proportion, a body
being said to contain so many atoms of its elements,
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All that is assumod in this theory is, tliat the atoms arc of constiint value by weight

/the same atoms may bo arranged in a tlifforont way, and honce, although any par-
ticular compound contfiins always the same elements in the atomic ratios, yet the same
atoms may, by diflForonco in arrangement, give rise to bodies agreeing in compositiou
by weight, but differing essentially in properties. See Isomkhism.
The atomic theory is further confirmed by the observation, that if the specific heat

of the elements bo compared, it is found that in a large number of cases the spccilic
heats of quantities of the bodies represented by their atomic weights coincide with each
other in a remarkable manner.

For a full examination of this subject, consult ' An Introduction to the Atomic
Theory,' by Charles Daubeny, M.D. ; and ' Memoirs of John Dalton and History of
the Atomic Theory,' by Eobort Angus Smith, Ph. D.'

A.TOMIC VOIiVMES. Of late years it has been assumed that the elements,
when in the gaseous state, unite invariably in equal volumes, or, in other words, that
the atoms of bodies have always the same volume. If this doctrine be maintained, it

becomes necessary to alter the atomic weights or combining numbers of certain

elements. For example, water contains two volumes of hydrogen to one of oxygen
;

but, according to the old idea, it consists of single atoms of each element; it is clear,

therefore, that if we are to assume that the atoms of hydrogen and oxygen have the
same volume, we must either halve the atomic weight of hydrogen or double that of
oxygen.

_

Berzelius suggested that all the atomic weights should remain the same, except
those of hydrogen, nitrogen, phosphorus, chlorine, bromine, and iodine, which should
halve their present values. Gorhardt, on the other hand, adopted the more convenient

practice of allowing hydrogen and its congeners to retain their present atomic weights,

doubling those of oxygen, sulphur, tellurium, and carbon. This practice has of late

years been extended to many other elements. See Atomic Weights, and Watts's
' Dictionary of Chemistry.'

ATOIMCIC WEIGHTS, COVtBJXTStCr "WEIGHTS or PROPORTIOiaS.
The atomic weights of the elements represent the proportions in which they severally

combine with each other, referred to some standard element as unity. In accordance

with Dalton's atomic theory, explained in a previous article, it is supposed that the

numbers assigned to the elements as their respective combining proportions represent

the relative weights of their atoms, and hence the adoption of the term ato7nic weight

—a term extremely convenient to retain whatever views may be held as to the

ultimate constitution of matter. By Berzelius, oxygen was selected as the standiird

to which all atomic weights were referred, but it is now almost universal among
chemists to take hydrogen as the standard of comparison, since it is found that of all

the elements hydrogen has the smallest combining, number. It was believed by

Prout that the atomic weights of all substances were multiples of the atomic weight

of hydrogen, but it has been shown by Stas—who has made the most refined experi-

ments on this subject—that tlie theory is only approximately true.

In establishing the atomic weights, or proportional numbers, of the elements, it is

not only necessary to determine exactly the ratios in which they severally combine

—

which is merely a matter of accurate experiment—but also to interpret these ratios

by the light derived from an extensive range of physical and chemical phenomena

—

such as isomorphism, specific heat, combining volume of vapour, and the like.

Hence, as science has advanced, the necessity has been recognised by most chemists,

of altering the numbers assigned to certain of the elements as their atomic weights,

and, in fact, within the last few years many of these numbers have been doubled.

It has, however, been considered, in the preparation of the new edition of this

Dictionary, that the convenience of manufacturers and others accustomed to the use of

the old atomic weights would be best served by retaining these familiar figures
;
and

hence in all cases throughout this work, unless otherwise stated, the formulae are

' Dr An<nis Smith, in his ' Memoirs of Dnlton.' thus sums up tlic labours of this deep thinker :--

•This DaltSn did. He gave the first idea of atomic weights, tinder this head came Kichter and

Fischer's numbers. Eichter, grappUng with those numbers, noyer could obtain a rational theory

from the phenomena. Dalton's plan explains these numbers %yith the greatest ease and looks on

rach as a necessity of the fundamental law, instead of the beginning of the inqiury, as it wtis to them

irseems to mo, then, that what happened historically happened also inteUectually Dalton had

included his predecessors in his more extensive system. Ho had gone to the summit of the hill, and

Xn coming down found proofs that they had been making good progress upwards. Higgins had

cone at^cl to the top, al it appears to me, but took no heed to make the needful obseryationsK he was up, or ho found the prospect entirely obscured. We are compelled to put rociprooal

BrotSrtfonlTn a secondary position, as it seems to me it cannot be called a law, but one of the con-

Lqi^ndTs of a law and tL'^evidence brought to support it, othei^wi^e t^^^^^^^^

Ronip of the nrincinlos on which the general laws depend. It was by a careriu mccnamcai jiixio-

Sion of paft"?hat DaUon ariived at the idea ; it is eminently mechanical, and itisrcmarkab e that

KogrS views on the subject have been so. V/c ,«^,.o,/„«rfW~
andfound it to agree with facts. His is, therefore, the quanhtatm atomic theoi y.
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, , 1 1 1-^^ rsf nfrimic weiffbts. At the samo time it appears

constructed -^th.tlu, old system of a
,

desirable also to introduce 5" 3, ^oth the old and tlie now forraulte are

almost every chemical
«^P?-^°.^"f"J^^^l^^ of distinction, in a thick black type,

given-tho latter being
P^^^^^t^"' f fii^^^ of figures gives (approximately)

^
In the following comparative Tablo^a^^ th/ second column gives the

the old combining M^ights of
^^^^^^^^ the present

modern atomic
^7;g^^%J[,'"jfSfo^^^ sufficient to show which of the elements have

day. Aglanceatthislableib tuereioiebm
doubled.- Moreover,

reitined their old atomic ^^^f^t^/jd ^^^'^ tlTformultB on the old system into

it is easy from these date Jo
t^ansktej^^^

atomic .veights. For' example,

formulae constructed with tlie recent
,

comiDOsed of 0- ; but

becomes on the modern system C- H« O.

Elements

Aluminium
Antimony
Arsenic .

Barium

.

Bismuth
Boron .

Bromine
Cadmium
Osesium .

Calcium

.

Carbon .

Chlorine

Chromium
Cobalt .

Copper .

Fluorine

Gold .

Hydrogen
Indium .

Iodine .

Iridium .

Iron

Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel .

Nitrogen

Osmium
Oxygen .

Palladium
Phosphorus
Platinum
Potassium
Rubidium
Selenium
Silicon .

Silver .

Sodium .

vStrontium

Sulphur
Tellurium

Thallium
Tin

Symbols
Old

at. -weights

New
at. weights

Al 13-75 27-5

122 122

As 75 75

Ba 68-5 137

Bi 210 210

11 11

Bv 80 80

Cd 56 112
.

f!ti 133 133

\jai 20 40
n 6 12

CI 35-0 35-5

Or 26-25 52-5

29-5 59

Cn 31-75 63-5

F 19 19

All 98-5 197
XTXL 1 1

Tnj.n 7fi 76
T1 1 27 127

Q8-n 197

JL U 28 56

Pb 103-5 207

Li 7 7

Mg 12 24

Mn 27-5 65

Hg 100 200

Mo 48 96

Ni 29-5 59

N 14 14

Os 99-5 199

0 8 16

Pd 63 106

P 31 31

Pt 98-5 197

K 39 39

Rb 85 85

Se 39-75 79-5

Si 21 28

Ag 108 108

Na 23 23

,Sr 43-75 87-5

S 16 32

To 64-5 129

Tl 204 204

Sn 69 118
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Elements Symbols
Old

at. weights

—— —
Nfiw

at. weights

Titanium • • • • • Ti 25 50
Wolfram

• « W 92 184
Uranium • • U 60 120

51Vanadium • • V 51
Zinc • • Zn 32-5 65
Zirconium • • • Zr 4i-5 80

The term ' atomic weight ' was formerly employed as synonymous witii ' chemical
equivalent,' but the ideas involved in the two terms, as applied in modern chemistrj-,

are essentially distinct.

Every chemical manufacturer should be thoroughly acquainted with the combining
ratios, which are, for tlio same two substtmces, not only definite, but often multiple

;

two great truths, xipon which are founded, not merely the rationale of his operations,

but also the means of modifying them to useful purposes. The discussion of the

doctrine of atomic weights belongs to pure chemistry; but several of its happiest
applications are to be found in the processes of art, as pursued upon the largest

scale.

The following propositions may be regarded as the laws regulating atomic com-
bination :

—

1. The combining proportions of elementary bodies represent the smallest .proportions

in which they enter into combination with each other.

2. The combining proportion of a compound body is the sum of the combining pro-

portions of its elements,

3. Combination takes place, whetlier between elements or compounds, either in the

proportions of their combining weights, or in multiples of iliese p)roportions, and never

in sub-nmltiples.

4. Tfie law of dejinite proportion teaches that individual compounds always contain

exactly the same proportions of their elements. See Equivalents, Ohejiicax. Sec also

Watts's ' Dictionary of Chemistry.'

ATRAMEXTTVIM:. An old name for iron-vitriol, or sulphate of iron. A
product of the partial oxidation of iron pyrites, which is sometimes used in making

ink.

ATHOPIIffE, or DATVRXM-E. C'^H='NO= (C'-H-^WO"). An exceedingly

poisonous alkaloid, found in deadly nightshade (Atropa Belladonna) and in stramo-

nium (i)a<?<JY< Stramonnim), and probably in some other plants. One-sixth of a grain

of atropine produces unconsciousness and delirium. To .the freshly prepjired extract

of belladonna add a strong solution of caustic potash, and well mix in a mortar.

Digest the resulting mass at a temperature of 80° with benzole
;
separate the latter,

and distil off the hydrocarbon in a retort on the water-bath. The residue in the

retort is to be treated with water acidukted with sulphuric acid ; the acid solution is

to be precipitated by carbonate of soda, and the resulting atropine m.ay then be ob-

tained pure by crystallisation from alcohol. Atropine is used in medicine, T^jth of a

grain being a full dose, and it is applied externally for producing dilatation of the

pupil of the eye. The smallest portion of a very dilute solution rubbed on the eyelid

suffices to produce the result.

jUTTAXEA. A.funifera yields the coquilla nut much used in turnery. It was

formerly supposed that tiiis species of Attalea also yielded the Piassaba fibre usoil

in Brazil for ropemaking, and in this country for the manufacture of bast-brooms, but

it is now known that the Piassaba fibre is the produce of another palm—^tho Lcopd-

dina Piassaba. See Coquixla.
. • .,

ATTAR or ROSES, more commonly, OTTO or ROSES. An essential oil,

obtained in India. Turkey, and Persia, from some of the finest varieties of ros?s. It

is procured by distilling rose-leaves with water, at as low a temperature as possible.

It is said that this perfume is prepared also by exposing the rose-leaves in wator to

the sun • but, from the fact that under the circumstances fermcntivtion would l>e

speedily established, it is not probable that this is a method often resorted to. IJy

drv distillation from salt-water baths, no doubt the finest attar is obtained. This

essential oil is only used as a perfume. Attar of roses is adulterated with spermaceti

and ^vith castor-oil dissolved in strong alcohol. ^.v ^
This adulteration may be detected by putting a small drop of the^otto of roses on a

piece of clean writing-paper ;
by agitation in the air, the volatile oil soon evaporates,

leaving no stain if pure ; if any fixed oil is present, o greasy spot is left on the paper.
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^...vA'rnn In brewing, the name of several arrangements devised

^.^oTltiXT„!SS"V. to Jt „ade i. wi... I» all

""S^ort, Sng fementation, by tho co„v»«on of tto .uga, ,nto

mtrt torn for the dead. ' or rotu.e-matter of a mine. The attle-

"Tvi:^ "'TTe'»g» isftS'Soring either wood or BtoBe. The

a little up
f« ™

jjjgig fin rib ; the end is filed into a worm, as usual,

"AvSni. (aiyh, brUliancy.) A sub-species of Ppoxene. The name is con-

fl 7fn oi.aoue and ereenish-black varieties, common in basaltic, dolentic, and

reTent vo£^^^^^^
i-^P^^^ant constituent, but it is never found

r^aSe it £ k base of magnesia, lime, protozide of iron, and alumina The

terraulte is often used by English geologists as Bynonymoiis mth PJ™-^°^
the means of distinguishing between augite and hornblende-two minerals wmcn

often closely resemble each other-see Hornblende.

AVRATES. CrystalUne compounds of the peroxide of gold.

ATOIC ACXB. Unrum, gold.) A term sometimes used for the peroxide of gold.

AWRIPBROUS. Contaimng gold, as ' auriferous quartz,' 'auriferous pyrites,

^
AURINE. A red colouring-matter obtained from phenol, or carboHc acid. It

appears in commerce as a brittle resinous solid, having a beetle-green lustre, and

vieldina a red powder. See Cabbomc Aero.
-r, ,i^ATOUM MVSIVUM or WIOSAICUM. Mosaic GoLD.-For the preparation

of Mosaic gold the following process is recommended by Woolfe.
/^^.f^^^^^

2 parts of tin and 1 part of mercury is prepared m a hot crucible, and triturated with

1 mrt of sal-ammoniac, and 1 part of flowers of sulphur ; the mixture is sublimed in

a glass flask upon the sand-bath. In breaking the flask after the operation, the sub-

limate is found to consist, superficially, of sal-ammoniac, then of a layer of cinnabar,

and then of a layer of mosaic gold.
„ . ^ • • ^- e,„i^T,„^

Bergmann mentions a native aurum musivim from Siberia, contaimng tin, sulpnur,

and a small proportion of copper. Dr. John Davy gave the composition as—tin, 100 ;

sulphur, 66-25 ; and Berzelius, as tin, 100 ;
sulphur, 52-3.

Mosaic gold is employed as a bronzing powder for plaster figures, and it is said to

enter sometimes into the composition of artificial aventurine.

AUSTRAItSNX:, or Aiistraterebinthene. A liquid hydrocarbon resembling tere-

binthino, obtained by neutralising English turpentine oil with an alkaline carbonate,

and distilling the product.

AVTOGEXrOTTS soiiBERXMG. A process of soldering by wliich metals are

united, either by the ordinary solders

or by lead, under the influence of a

flame of hydrogen, or of a mixture of

hydrogen and common air.

The process of using air and hydro-

gen was invented in France, by the

Count do Kichemont. Hydrogen gas

is contained in a gasometer, to which

a flexible tube is connected, and air is

urged, from a bellows worked by the

foot, through another tube, and on to

the blowpipe, where the hydrogen is

ignited. By means of the flexible

tubes the flame can bo moved up and

down the lino of any joint, and the

connecting medium molted. Fig. 99.
, , .

Tliia nrocesa has beou a good deal employed for plumbers work, especially in our

Vol. I. T

09
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naval arsenals. In Dovonport dockyard, the autogenic process has boon Largely
used.

AUTOMATIC. A term employed to dosignato such economic arts as are carried

on by self-acting machinery. The word is employed by the physiologist to express

involuntary motions.
The term automatio is now applied to self-acting machinery, or such as has -within

itself the power of regulating entirely its own movements, although the moving force

is derived from without ; and to what pertains to such machinery ; as auUmatk opera-

tions or improvements.

—

Webster.

The word ' manufacture,' in its etymological sense, means any system or object*

of industry executed by the hands ; but, in the vicissitude of language, it has now
come to signify every extensive product of art which is made by machinery, with

little or no aid of the human hand, so that the most perfect manufacture is that which

dispenses entirely with manual labour. It is in our modern cotton and flax mills that

automatic operations are displayed to most advantage ; for there the elemental power
Heat has been made to animate complex organs, imparting to forms of wood, iron, and

brass, an agency of seeming intelligence. And as the philosophy of the fine arts,

poetry, painting, and music, may bo best studied in their individual master-pieces, so

may the philosophy of manufactures in these its noblest creations.

The constant aim and effect of these automatic improvements in the arts are philan-

thropic, as they tend to relieve the workman either from niceties of adjustment, which

exhaust his mind and fatigue his eyes, or from painful repetition of efifort, which

distort and wear out his frame. A well-arranged power-mill combines the operation

of many work-people, adult and young, in tending with assiduous skill a system of

productive machines continuously impelled by a central force. This great era in the

useful arts is mainly due to the genius of Arkwright. Prior to the introduction of

his system, manufactures were everywhere feeble and fluctuating in their develop-

ment; shooting forth luxuriantly for a season, and again withering almost to the roots

like annual plants. Their perennial growth then began, and attracted capital, in

copious streams, to irrigate the rich domains of industry. When this new career

commenced, about the year 1770, the annual consumption of cotton in British manu-

factures was under four millions of pounds' weight, and that of the whole of Christen-

dom was probably not more than ten millions. In 1850 the consumption in Great

Britain and Ireland had risen to five hundred and eighty-eight millions of pounds,

and that of Europe and the United States together to one thousand and ninety-two

millions. In our spacious factory apartments the benignant power of Steam summons

around him his myriads of willing menials, and assigns to each the regulated task,

substituting, for painful muscular efifort upon their part, the energies of his own

gigantic arm, and demanding in return only attention and dexterity to correct such

little aberrations as casually occur in his workmanship. Under his auspices, and in

obedience to Arkwright's policy, magnificent edifices, surpassing far in number, value,

usefulness, and ingenuity of construction, the boasted monuments of Asiatic, Egyptian,

and Eoman despotism, have, within a short period, risen up in this kingdom, to show

to what extenfcapital, industry and science may augment the resources of a State,

while they ameliorate the condition of its citizens. Such is the automatic system,

which promises, in its future growth, to become the great minister of ciA-ilisation to

the. terraqueous globe, enabling this country to difiaise, along with its commerce, the

life-blood of knowledge to myriads of people.

ATTTOniATIC ARTS. Such arts or manufactures as are carried on by self-

acting machinery.
i

•
i

AirT0MAT01«r. {Mtiaros--m'^omRto5—self-momng.) In the etymological

sense, this word (self-working) signifies every mechanical construction which, by

virtue of a latent intrinsic force, not obvious to common eyes, can carry on, for some

time, certain movements more or less resembling the results of ammal exertion,

without the aid of external impulse. But the term automaton is,m common language,

appropriated to those mechanical artifices in which the purposely concealed p^er is

made to imitate the arbitrary or voluntary motions of living beings Hiiman

figures, of this kind, are sometimes styled Androidcs, from the Greek term, lifce a

AlthouRh, from what has been said, clockwork is not properly placed under the

head Automaton, it cannot be doubted that the art of making clocks, in ite progressivo

improvement and extension, has given rise to tlio production of automata. The most

of these, in their interior structure, as well as in the mode of applying the moving

power, l ave a distinct analogy .vith clocks ; and these automata are froquontly mounted

in conioction with watchwork^Towards the end of the 1 3th centiiry, several tower clo^^^

such as those at Strasburg, Liibeck, Prague, and 0 miitz, had curious mechamsms

attached to thorn. The most careful historical inquiry proves that automata, pro-
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T^«rW RTioakinff aro not older than wAee^clocks ;
and that the more perfect structures

nf this kind aro subsequent to the general introduction of spring-cloaks. Many ac-

counte of ancient automata, such as the flying pigeon of Archytas of Tarentum appear

trhave been but poor mechanical contrivances. ' Tho Pneumatics of Hero of Aloxan-

^a' hare been rendered accessible to the English reader by the translation of Mr.

mnnett Woodcroft. In this work will bo found descriptions and dramngs of several

curious conti-ivances which must be included amongst automata. The foUowing,

amongst others, may be quoted:—
.j , •

'An automaton which drinks at certain times only, on a liquid being presented

^°'A.n automaton which may be made to drink at any time on a liquid being pre-

An aiitomaton which will drink any quantity which may be presented to it.

' An automaton, the head of which continues attached to the body after a knife

has entered the head at one side, passed completely through it, and out at the other;

which animal will drink immediately after the operation.'

Beckmann informs us, quoting from Plato, that Daedalus made statues which

could not only walk, but which it was necessary to tie, in order that they might not

move; and, on the authority of Aristotle, he speaks of a wooden Venus, and

remarks, that the secret of its motion consisted in quicksilver having been poured

into it.
. T 1 • 1

The moving power of almost all automata is a wound-up steel spring ; because,

in comparison with other means of giving motion, it takes up the smallest room, is

easiest concealed and set a-going. Weights are seldom employed, and only in a par-

tial way. The employment of other moving powers is more limited ; sometimes fine

sand is made to fall on the circumference of a wheel, by which the rest of the mecha-

nism is moved. For the same purpose water has been employed
;
and, when it ia

made to fall into an air-chamber, it causes suflBicient wind to excite musical sounds in

pipes. In particular cases quicksilver has been used, as, for example, in the Chinese

tumblers, which is only a physical apparatus to illustrate the doctrine of the centre of

gravity.

Fig. 100 exhibits the outlines of an automaton, representing a swan, with suitably

combined movements. The mechanism may bo described, for the sake of clearness

of explanation, under dis-

tinct heads. The first re-

lates to the motion of the

whole figure. By means of

this part it swims upon the

water, in directions changed
from time to time without

exterior agency. Another
construction gives to the

figure the faculty of bend-

ing its neck on several occa-

sions, and, to such an extent,

that it can plunge the bill

and a portion of the head
under water. Lastly, it is

made to move its head and
neck slowly from side to

side.

On the barrel of the spring

exterior to the usual ratchet

wheel, there is a main-
wheel, marked 1, which works into the pinion of the wheel 2. The wheel 2 moves a

smaller one, shown merely in dotted lines, and on the long axis of the latter, at either

end, there is a rudder, or water-wheel, the paddles of which are denoted by the letter

a. Both of these rudder-wheels extend through an oblong opening in the bottom of
tho figure down into the water. Thoy turn in the direction of the arrow, and impart
a straightforward movement to the swan. The chamber in which those wheels re-

volve is made water-tight, to prevent moisture being thrown upon the rest of the

machinery. By tho wheel 4, motion is conveyed to the fly-pinion 6 ; the fly itself,

6, serves to regulate tho worldng of the whole apparatus, and it is provided with a
stop bar, not sho^vn in the engraving, to bring it to rest, or set it a-going at pleasure.
Here, as we may imagine, the path pursued is rectilinear, when the rudder-wheels
are made to work in a square direction. An oblique bar, seen only in section at b,

movable about its middle point, carries at each end a web foot c, so that tho direction
t2
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of tlio bar b, and of both foet towards tho ruddcr-wlieels, determines the form of the

path which the figiiro will describe. Tho change of direction of that oblique bar is

oiFected without other agency. For this purpose tho wheel 1 takes into tho pinion 7,

and this carries round the crown-wheel 8, which is fixed, witli an eccentric disc 9,

upon a common axis. While the crown-wheel moves in tho direction of the arrow, it

turns tho smaller eccentric portion of tho elliptic disc towards the
_
lever m, which,

pressed upon incessantly by its spring, assumes, by degrees, tho position corresponding

with tho middle lino of tho figure, and afterwards an oblique position ; then it goes

back again, and reaches its first situation
;
consequently, through tho reciprocal

turning of tho bar h and the swim-foot, is determined and varied the path which tho

ewan must pursue. This construction is available with all automata which work by

wheels ; and it is obvious, that we may, by different forms of the disc 9, modify, at

pleasure, the direction and the velocity of the turnings. If the disc is a circle, for

instance, then the changes will take place less suddenly ; if the disc is an outward and

inward curvature, upon whose edge the end of tho lover presses with a roller, tho

movement will take place in a serpentine lino.

The nock is the part which requires the most careful workmanship. Its outward

case must be flexible, and the neck itself should therefore be made of a tube of spiral

wire, covered with leather, or with a feathered bird-skin. The double lino in the

interior, where we see the triangles e e e, denotes a steel spring made fast to tho

plate 10, which forms the bottom of the neck; it stands loose, and needs to be merely

so strong as to keep the neck straight, or to bend it a little backwards. It should not

be equally thick in all points, but it should be weaker where the first graceful bend is

to be made ; and, in general, its stiffness ought to correspond to the curvature of the

neck of this bird. The triangles e are made fast at their base to the front surface of

the spring ; in the points of each there is a slit, in the middle of which a movable

roller is set, formed of a smoothly turned steel rod. A thin catgut string /, runs

from the upper end of the spring, where it is fixed over all these rollers, and passes,

through an aperture pierced in the middle of 10, into the inside of the rump. If the

catgut be drawn straight back towards/, the spring, and consequently the neck, must

obviously be bent, and so much the more, the more tightly/is pulled and is shortened

in the hollow of the neck. How this is accomplished by the wheel-work will pre-

sently be shown. The wheel 11 receives its motion from the pimon s, connected

with the main wheel 1. Upon 11 there is, moreover, the disc 12, to^whose circim-

ference a slender chain is fastened. When the wheel 11 turns m the direction of the

arrow, the chain will be so much pulled onwards through the corresponding advance

at the point at 12, till this point has come to the place opposite to its present situation,

and, consequently, 11 must have performed half a revolution. The other end of the

chain is hung in the groove of a very movable roller 14; and this will be turned

immediately by the unwinding of the chain upon its axis. There turns, m connection

with it, however, the large roller 13, in which the catgut /is fastened; and as this is

pulled in the direction of the arrow, the neck will be bent until the wheel 11 has

made a half revolution. Then the drag ceases again to act upon the chain and the

catffut ; the spring in the neck comes into play : it becomes straight, erects the neck

of the animal, and turns the rollers 13 and 14 back into their first position

The roller 13 is of considerable size, in order that through the sbght motion of the

roUer 14, a sufficient length of the catgut maybe wound off, and the requisite shorten-

ing of the neck may be effected; which results from the proportion of the diameters

nf the rollers 11, 13, 14. This part of the mechanism is attached as near to the side

of the hollow body as possible, to make room for tho interior parts, but particularly

t Sie pSe-wheels. Since the catgut/ must pass downwards on the naddle from

10, it is necessaV to incUne it sideways and outwards towards 13, by means of some

'""Searconstituting one piece with the neck, will be <i?P-f;/ .^^ ^^^/^^^^Su
flexure of this; and the bill, being turned downwards in f^^^*^

F''.^?!J"^^^^

foS the sSce of the water. The head will not be motionless ;
but it is joined on

both siLs by a ve^^^^^^^ hinge, with the light ring which forms tiio upper part

ffL llnthS^ of the neck A weak spring, g, also fastened to tho end of the neck,

1 chain ate whose other end is attached to the plate 10, keeps it on the strewn

On the bendilg of the neck, this chain becomes slack; the spring \comes into

operation and throws the head so far back that, in its natural position, it will reach

^^Finallv to render the turning of the head and neck practicable, the latter is not

clo2 y co';ntted while tho plate 10 can t--" a^^^^^^^^^^^^

npon its axis, but cannot become loose outwardly. «Tf S TCcl
of tho wheel 1, and behind it (shown merely as a circle in the engraving) a bevel
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v^hflBl which works into a second similar wheel, 15, so as to turn it in a hori-

. '^-^^^Hnn The uin 16. of the last wheel works upon a two-armed lever, 19,

'°"^ lf.ou^;he poin? A, and lever moves the neck by means of the pin 17.

Sir e" a?„^ o?tr ever 19 has an oval aperture in which the p n 16 stands As

^.on as ETn consequence of the movement of the bevel-wheel 15, comes mto the
soon as ta^s,^"

u T.„<rhfi=! the oval rine outwards on its smaller diameter, and thereby

tz s:TerXi^^^^^^ ^^'^''''^

Hnes The pTn 16: having come on it^ way right opposite to its present position, se s

Sie lever aglin st -aight." Then the lever, by the further progress of the pm in its

• .,rirLtli is directed outwards to the opposite side; and, at last, when 15 has

Se an ent revoTutio^ is quite straight' The longer arm of the lever fo lows.

S course Jhese alternating movements, so that it turns the neck upon its plate 10, by
course tnese d

^
b

^j^.^ ^^^^^ ^^^^ ^otte^ position.

STay be'iem^ ^k lin c^^^^^^^^^ that the drawing of 100 represents about half

the sile of which the automaton may be constructed, and that the body may be formed

°^'??hfSL"e?E^^^^^^^^^^ example of an automaton was given, but it is thought

unnecessary to retain it. In many of the machines now employed, we have examples

of useful automata, superior in coiTectness of action to any of those which are at the

best only scientific toys.

AUTOTYPE. See Photogbapht.
,

AVENA. A genus of corn-bearing grasses. The A. sativa is the common oat.

AVBWTtTRlNB. {Aveniurinc, Pr.) A variety of quartz, which is minutely

BDan<^led throughout with yeUow scales of mica, is known as Aventunne quartz. It

is usuaUy translucent, and of a grey, brown, or reddish-brown coloui-. There i&^ also

an Amiturine felspar (Feldspatfi avcntunni, Fr.), frequently termed sunstone {Pierre

de soleil); some lapidaries, however, calling this stone by the name of Aventurme

orientale. Aventurine quartz occiu-s at Capa de Gata, in Spam; and the aventurme

felspar, or sunstone, at Tvedestrand, in Norway. ^ , , , , . ^ i

AvENT0EmE, AuTiFiciAi-, or Glass, called also Gold Flux, has been manufactured

on a large scale, for a long period, at the glass-works of Murano, near Venice.

According to Wohler's examination, aventurine glass owes its golden iridescence

to a crystalline separation of metalHc copper from the mass coloured brown by the

peroxide of iron. C. Karsten analysed the artificial aventurine from the glass manu-

factory of Bigaglia, in Venice, and found it to contain

—

Silicic acid .

Lime .

Protoxide of iron

Binoxide of tin

Protoxide of lead

Metallic copper

Potash
Soda .

67-3

9-0

3-4
2-3

1-0

4-0
5-3

7-0

These numbers agree in a remarkable manner with the results formerly obtained by

P^ligot, and may therefore be regarded as truly representing the composition of the

glass.

Aventurine Glaze, for porcelain, exhibits a crystalline separation of green oxide

of chromium from the brown ferruginous mass of the glaze producing a similar effect

to the glass. This glaze is prepared as follows, according to A. Wachter :—

31 parts of fine lixiviated dry porcelain-earth from Halle,

43 „ „ dry quartz sand,

14 „ „ gypsum,

12 „ „ fragments of porcelain,

are stirred up with 300 parts of water, and by repeated straining through a linen

sieve, uniformly suspended in it, and intimately mixed. To tliis paste are added, under

constant agitation, and one after the other, aqueous solutions of

19 parts bichromate of potash,

100 „ protosulphate of iron,

47 ,, acetate of lead,

and then so much solution of ammonia that the iron is completely separated. The
salts of potash and ammonia are removed by frequent docantation with spring water.

The baked porcelain vessels aro dipped into the pafity misturo obtained as above
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doscribed, in tho samo manner as with otlior glazes, and then flrod in the porcelain
furnace. After this they are covered with a brown glaze, which in reflected light
appears to be filled with a countless number of light gold spangles.
A thin fragment of the glaze appears, under the microscope, by transmitted light,

as a clear brownish glass, in which numerous transparent green six-sided prisms of
oxide of chromium, and some brownish crystals, probably of oxide of chromium and
peroxide of iron, are suspended. The oxide of chromium, therefore, separates on tho
slow cooling of the glaze in tho porcelain furnace, from tho substance of the glaze

—

a silicate of potash, lime, and alumina, saturated with the peroxide of iron—and
shines through tho brownish mass with a golden colour. When the aventurine glaze

is mixed with an equal amount of colourless porcelain glaze, the glassy mass no
longer has a brown colour after tho burning, but a light greenish-grey, and tho

eliminated crystalline spangles likewise exhibit in rofloctod light their natural green

colour.

AVEXUtlTXO'CATOXl. A pair of pruning shears, which, on being mounted on a
pole some ton feet long, and actuated by a string of catgut, can be used for pruning

at a considerable distance above the head.

AVOCADO-PEAR OXJt. An oil obtained from the oleaginous fruit, the Avocado
pear-tree {Fersca gratissima), a native of Trinidad. A portion of this oil having been

submitted to Dr. Hofmann by the Governor of Trinidad, he reported on its character

:

—
' According to my present experience, the oil of the Avocado pear is less valuable

as a lubricating material. To make it lit for the higher classes of machinery, its

mucilaginous constituents must be removed by the same refining process requisite for

its adaptation in illuminating purposes,
• On the other hand, the oil of the Avocado pear is very applicable for the pro-

duction of good soap. I have the honour of transmitting to your Excellency specimens

prepared with the oil : the smaller one, which possesses a yellow colour, is prepared

with the oil in its original condition ; the larger one is made iivith a portion of oil

which had previously been bleached by chlorine. From this specimen it is ob^aous

that the oil, although poor in stearine, nevertheless fm-nishes a soap which is tolerably

hard and solid. I have even now no hesitation in stating that, for the purposes of

the soap-maker, the oil of the Avocado pear will have, at least, the same value as

palm oil.'

AXE. A tool much used by carpenters for cleaving and roughly fashioning

blocks of wood. It is a thin iron wedge, with an oblong steel edge, parallel to which,

in the short base, is a hole for receiving and holding fast the end of a strong wooden

handle.

AXE-STOXars. A sub-species of^aflJe, found in Corsica, Saxony, and on the banks

of the Amazon. It is a silicate of magnesia and alumina, coloured by oxide of

chromium. See Jaixe.

AXXSriTE, called also Thumite. A silicate of magnesia, alumina, and iron, con-

taining boracic acid. It derives its name from the axe-like bevelling of its

lateral edges. Tliis mineral is hairder than felspar, and varies in colour from a

violet-brown to a leek-green. It is found in many parts of the Continent, and at

Botallack, St. Just, and at Trewellard, Cornwall, in fine brilliant clove-brown

crystals.
i. x;.:

•

AXXiE-GSEASE; Several kinds of unguents employed to reduce the friction ot

wheels circulating on their axles. See Anti-attrition.

jUXXiES, of carriages. See Wheel Caekiages.

AXVXVGE. Hog's lard. See Fat and Oils.

AVR STOIffE, called also Scotch stone and snake-stone, is much in request as a

polishing stone for marble and for copper plates. These stones are always kept

damp, or even wet, to prevent their becoming hard.

The harder varieties of Ayr stone are now employed as whetstones.

AZAX.E (from Azala, Arabic for madder). A colouring-matter obtained from

' flowers of madder,' perhaps crude alizarine. It has been proposed to introduce azale

in Franco as a dye-stuif.

AZAZiEIMTE. A name for aniline-rod.
_ • , • -j * t

AZIMUTH COiaPASS. The azimuth compass is used chiefly to note the

actual magnetic azimuth, or that arch of the horizon intercepted between the azimuth,

^ vertSal circle passing through the centre of any heavenly body, and the magnetic

mTard of the azimutii compass is subdivided into exact degrees, minutes, and

seconds To the box are fixed two 'sights,' through which the sun or a star may be

viewed. The position into which tho index of the sights must bo turned to see it,

will indicat^ on tho card the azimuth of the star. Wien tho.observa^^^^^^^^ axe intended

to be exact, telescopes take tho place of tlie sights. 33y this mstxiunent wo note the
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actual magnetic azimuth: and as we know the azimuth calculated from the N. and

^"'^^^rsuU^.L fo.mod hy .tjng

T^t:S:^^TtsS^^^^^ addition of solid potash bo distilled,

J .^mlx brirmea^ well understood reaction occuxs The a^obenzido

Sthe-Dotash rour equivalents of nitrobenzole and two equivalents of alcohol™ o^S of azobenzide, two equivalents of amhne, four eqmva-

Ws ofSc acid and eight equivalents of water. See Nitbobenzole.
_

i^obenSne Sds numL^^^ With fuming nitric acid it gives two

.ittcom'ouid^^ 4., nitroazobenzide and Wnitoazobenzid.
^^^^^

with sulphide of ammonium, yields an alkaline called benzidine, C^^'^N (C H N >

""azOBENZOIBE. When bitter almonds are distilled, descensum &u oil is

obtained • if the latter be treated with ammonia, and the substance thus formed be

^Sd^riih ether, a white powder remains, which is probably impure hydroben-

zamido.—C. G. W. See ' Watts's Dictionary of Chemistry.
, , ,

^

AZOBENZOVIiB. A substance formed simultaneously with hydrobenzamide

and benzydramide, when oil of bitter almonds is treated with ammonia.—C. tr. W.
^

AZOTE. An old name for Niteogbn. .

AZOTXSEB, said of certain vegetable substances, which, as containing azote,

were supposed at one time to partake, in some measure, of the animal nature liie

vegetable products, indigo, caffeine, gluten, and many others, contain abundance of azote.

AZTTRB. This term was applied by Pliny to the blues of the ancients. Garu-

leum, or azure, is of three kinds: the Egyptian (artificial); the Scythian (natural),

which is inferior ; the Cyprian, the loest.'—Theophrastus, also Phnj/. Girardin,

writing of the ancient colours, says, ' This azure, which has thus endured above

1 700 years, may be cheaply and easily made thus : 15 parts, weight, of carbonate

of soda, 20 parts of opaque flints, and 3 parts of copper fiHngs, are strongly heated for

two hours, and the mixture will result in a fine deep sky-blue.' The Egyptian blue,

or Alexandrian frit, is a pulverised blue glass ; it was once thought to contain cobalt,

but all analyses prove it to contain silicate of copper.

The term Azure has been applied to smalts. See Cobalt, Smalt, and UlteA'

MAnmE.
AZXTBINE. See Antline-Bltje and Aniline-Green.

AZURXTE. This term is now usually restricted to the blue carbonate of copper,

otherwise known as Chessylite. It is a mineral of fine blue colour, crystallising in

the oblique system. The old mines of Chessy, near Lyons, in France, were famous

for yielding groups of magnificent crystals of this species.
_
It is also found in the

shallow workings of many other copper mines, often associated with malachite, or

green carbonate of copper. Azurite contains, when pure, 55-16 per cent, of copper,

and hence forms a valuable ore. It has also been used as a blue pigment, though^ too

liable to turn green, the absorption of carbonic acid readily converting it into

malachite.

It is right to remark that the term Azurite has also been applied to certain other

blue minerals, such as the phosphate of alumina and magnesia, usually known as

Lazvlite, and even to the lapis lazuli.

The want of agreemei* between mineralogists—leading them to adopt names

independent one of the other (names frequently taken from some locality in which

the writer knows the mineral to be found)—produces great confusion, and retards the

progress of knowledge.

B
BABBIT'S METAK. An alloy which, from its smoothness of surface, is called

an anti-attrition metal. It is composed of 25 parts of tin, 2 parts of antimony, and

J a part of copper.

BABZM'CTOXa'ITE. An anhydrous silicate of iron and lime, found in small,

greoniBh-black, doubly-oblique crystals, at Arendal, in Norway. A fibrous variety,
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much rosombling hornblende, was discovered in a rail-way-cutting ia Devonshire, in
1854, and was sufficiently abundant to Lo worked as an ore of iron. A specimen' ro
coivod from the late Mr. S. Blackwell was analysed by Mr. David Forbes, ynth the
following results :—Silica, 49-12

;
alumina, 1-60

;
peroxide of iron, 9-78

; protoxide of
iron, 12-87; protoxide of manganese, 1-26; lime, 20-87; magnesia, 3-C7: loss on
ignition, 0-73.

BABXiAH. The rind or shell of the fruit of the Mimosa cineraria. It is brought
from the East Indies under tho name of Neb-Neb. On account of the tannin it
contains, it has been used for dyeing cotton, and for producing various eliadoB of
drab,

BABXrXi GVHl, The gum of tho Babul tree, a species of the Acacia, growing in
Bengal. It is sometimes imported as Bengal gum.
Babul Bark is extensively used in India as a tanning material, and lias occasionally

been imported into this country.
BACK. In mining, that side of an inclined mineral lode which is nearest the

surface of tho ground. The back of a level is the ground between it and the level
above it. In brewing, a brewer's utensil, a largo vessel for receiving the wort. In •

building, that part of a stono opposite tho face.

BACK-»XXX.Zi. A fulling mill.

BACITXiXrS. A forked branch of hazel, used by the superstitious with a view to
the discovery of springs and mineral lodes. See Divining Eod.
BADGER. {Blaireau, Fr. ; Dachs, Ger.) A genus of carnivorous animals bo-

longing to the family Mustelidce. The common badger, Meles Taxus, inhabits the
nortiiern parts of Europe and Asia. The hide of the badger is employed for pistol

fuynituxe. The fine hair is used for making brushes for the use of the artist, and for

the best class of shaving-brushes. The hind-quarters, salted and smoked, mako ex-
cellent hams.
BADXGEOSr. A mixture for stopping holes in wood or stone. The badigeon

for stonework is composed of plaster of Paris and freestone ground together. That
for wood is usually sawdust and glue, or sometimes putty and chalk.

BAC A measure equal to a striked Winchester bushel. Twenty-five bags of

lime make a ton. A bag of plaster of Paris is fourteen pounds. Eight bags are

considered to equal a bushel.

BAGASSE. The sugar-cane, in its dry crushed state, much employed for fuel

in the colonial sugar-houses.

BAXir-IMCABZE. A vessel of water in which saucepans, &c. are placed to warm
food, or to prepare it and some pharmaceutical preparations.

BAIZE. A coarse woollen stuff with a long nap, sometimes friezed on one side.

BAXCEBS' SAKT. The sesquicarbonate of ammonia, bo called because it is often

used as a substitute for yeast in bread and pastry.

BAKING. {Cuire, Fr.
;

Backen, Ger.) The exposure of any body to such a

heat as will dry and consolidate its parts without wasting them. Thus wood, pottery,

and porcelain, are baked, as well as bread and meat. See Biscuit ; Beead.
BAK. An ancient Cornish miner's term for a mine.

BAIi-nCAIDElO', BAK-BOY. A girl or boy working at a mine.

BAIiACHONG. An article of food much used in the Eastern Archipelago, con-

sisting of fish and shrimps pounded together.

BAIiAlWA. A genus of cetacean mammals, including the Greenland, or Right

Whale {Balcena mysticetus), and the Southern Whale (B. australis). The former

inhabits the Arctic Seas, and its capture forms the object of the Northern whale-

fishery, while the latter is found in the Antarctic, South Pacific, and Indian Oceans.

These species, in the adult state, are destitute of teeth, but the mouth is furnished

with numerous plates of a horny substance, called baleen, or whalebone, which hang

freely from each side of the palate, and thus form a sieve for straining off the

water from the small prey taken into the mouth. Large quantities of oil are

obtained from the blubber, or thick layer of fat which immediately underlies the

naked skin, and serves to protect the warm-blooded whale . from the cold of the

surrounding medium. The Esquimaux not only cat the fiesh of the whale, but use

some of tho internal membranes in the preparation of certain articles of clothing,

and of a curious semi-transparent substance serving instead of glass for tho

windows of their huts. The species of Balana, or true Whalebone Whales, are to

bo distinguished from tho Sperm Whales, which belong to a totally distinct genus,

and though possessing teeth, and- therefore not yielding whalebone, are nevertheless

valued for tho sake of their spermaceti and ambergris. See Ambbegeis ; Speemaceti ;

Whalebone.
BAIiAXO-CE. To conduct arts and manufactures with judgment, recourse must

bo had to a balance. Experionco proves that all material bodies existing upon the
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. foon nf the earth are constantly solicited by a force which tends to bring them to-

surface ot tne eartaaroL." j
^^^^ ^ ^^^^^ ^j^^^

r'^-^?XSa>S?y T^^^^^^^
"°tfrco, the efifort of gravity is still

-Wn and tKsS^^^^^ the actions which it exercises upon their material

^nstitits w^^^^ ^Ued their weight. Weights are, therefore, forces winch

S;te cSwed together, and by means of machines may be made to correspond or

^V'o'StTow whether two weights be equal, we must oppose them to each other in a

^/.f^heL^hev act in a similar manner, and then see if they maintain an equi-

Ito S eLmpi!t ftJfil this condition if we suspend them at the two extremities

ifX;r supported at its centre, and whose arms are equal. Such is the general idea

of a bTnce The beam of a good balance ought to be a bar or double cone of metal

of such strength as to secure perfect inflexibiUty under any load which may be fitly

aSed toTsextremities. Its arms should be quite equal in weight and length upon

S side of ts point of suspension ; and this point should be placed m a ver ical line

oter the centre ?f gravity; and the less distant it is from it, the more delicate will

ITt^el^e -Were ilplaced exactly in thatcentre. the beam wouW no spon-

taneouslv recover the horizontal position when it was once removed from it To

Snder £ indrtions more readily commensurable, a slender rod or needle is fixed to

Tat rightSs, in the line passing through its centres of gravit^y and suspension

ThfpS or rSer edge, of suspension, should be made of perfectly hard s eel, and

ton upon a bed of the lame. Por common uses the arms of a balance can be made

ScSly equal to ^ve satisfactory results ; but, for the more refined purposes of

s^nTe that equality should never be presumed nor trusted to ; and, fortunately, exactS ;g is quite independent of that equality. To weigh a body is to determine how

ma^y times the weight of that body contains another species of known weight, as of

3s or pounds, for example. In order to find it out, let us place the_ substance, sup-

pose a piece of gold, in the left hand scale of the balance ;
counterpoise it with sand

or shot in the other, till the index needle be truly vertical, or stand in the middle of

its scale, proving the beam to be horizontal. Now remove gently the piece of gold,

and substitute in its place standard multiple weights of any graduation, English or

French until the needle again resumes the vertical position, or until its oscillations

upon either side of the zero-point are equal. These weights will represent precisely

the weight of the gold, since they are placed in the same circumstances with it, ana

make the same equilibrium with the weight laid in the other scale.

This method of weighing is obviously independent of the unequal length as well as

the unequal weight of the arms of the beam. For its perfection two requisites only are

indispensable. The first is that the points of suspension should be rigorously the same

in the two operations ; for the power of a given weight to turn the beam being unequal,

accordingly as we place it at different distances from the centre of suspension, did that

point vary in the two consecutive weighings, we should require to employ, in the

second, a different weight from that of the piece of gold, in order to form an equi-

librium with the sand or shot originally put in the opposite scale ;
and as there is

nothing to indicate such inequality in the states of the beam, great errors would result

from it. The best mode of securing against such inequality is to suspend the cords

of the scales from sharp-edged rings, upon knife-edges, at the ends of the beam, both

made of steel so hard-tempered as to be incapable of indentation. The second condition

is, that the balance should be very sensible—that is, when in equilibrium and loaded,

it may be disturbed, and its needle may oscillate, by the smallest weight put into

either of the scales. This sensibility depends wholly upon the centre of suspension

;

and it will be the more perfect the less friction there is between that knife-edge surface

and the plane which supports it. Both should therefore be as hard and highly

polished as possible ; and should not be suffered to press against each other, except

at the time of weighing. Every delicate balance of moderate size, moreover, should

be suspended within a glass case, to protect it from the agitations of the air, and the

corroding influence of the weather. In some balances a ball is placed upon the index

or needle (whether that index stand above or below the beam), which may be made

to approach or recede from the beam by a fine-threaded screw, with the effect of varying

the centre of gravity relatively to the point of suspension, and thereby increasing, at

will, either the sensibility or the stability of the balance. The greater the length of

the arms, the less distant the centre of gravity is beneath the centre of suspension,

the bettor polished its central knife-edge of 30°, the lighter the whole balance, and

the loss it is loaded, the greater will be its sensibility. In all cases the arms must be

quite inflexible. A balance made by Eamsden for the Eoyal Society is capable of

weighing ten pounds, and turns with one hundredth of a grain, which is the seven-

millionth part of the weight. See WEiaiUNQ Machine.
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'^AJiAVcn TOU WElOHrNTG COIW.introducedattho Bank of England in
tho year 18-11, roquiros au (jspocial notico.

Mr. William Cotton, thon Doputy-Govornor, and during tho two succooding years
Governor of tlio Bank, had long regarded tho mode of weighing by common hand-
balances with dissatisfaction, on account of its injurious effect upon the 'teller,' or
weigher, owing to tho straining of tho optic nerve by constant watcliing of tlio beam-
indicator, and tlio necessity of reducing the functions of tho mind to tho narrow office

of influencing a fow constantly repeated actions. Such monotonous labour could not
be endured for hours together without moments of forgot^ulness resulting in errors.

Errors moro constant, although less in amount, "wore found to be due to tho rapid
•wearing of tho knifo-odges of tho beam ; currents of air also acting upon tho pans
produced undesired results ; and oven the breath of the ' teller ' sometimes turned tho
Bcalo ; fto that in hand-weighing tho errors not unfrequontly amounted to ^rd, and
even

-J
grain. At tho very best, tho hand-scalo working at tho rate of 3,000 per six

hours could not indicate nearer than ith grain.

Upon taking into consideration tho inconveniences and defects of the hand-weighing
system, Mr. Cotton conceived the idea that it might be superseded by a machine de-

fended from external influences, and contrived so as to weigh coins a& fast as by hand,
and within tho fourth of a grain. He subsequently communicated his plan to Mr.
David Napier, of York Eoad, Lambeth, engineer, who undertook the construction of

an experimental machine. Its capabilities were tested and reported upon by Mr.
William Miller, of the Bank. Tho result \ras most satisfactory : more ' automaton
balances ' were ordered ; and from time to time further additions have been made, so

that at present there are ten in daily operation at tho Bank of England. But it was
not -without a struggle that tho time-hallowed institution of ' tellers ' passed away.

There were interests opposed to theintroduction of improved, more ready, and less expen-

sive methods ; and it required all Mr. Cotton's energy of character, the influence of

his intelligence in mechanics, as well as that arising from his position in tho Direction,

to obtain tho adoption of an invention by which a very large annual saving has been

effected.

The mechanical adaptation of tho principles involved in the Automaton Balance, as

contrived by Mr. Napier, may bo shortly explained :—The weighing-beam, of steel, is

forked at the ends, each extremity forming a knife-edge ; and in the centre the fulcrum

knife-edge extends on each side of the plate of the beam, and rests in hollows cut in

a bowed cross-bar fixed to tho under side of a rectangular brass plate, about 12 inches

square, which is supported at tho corners by columns fixed to a cast-iron table raised

a convenient height on a stand of the same metal. To form a complete enclosing

case, plates of metal or glass are slid into grooves down the columns. When tho beam
is resting with its centre knife-edge in the hollows of the cross-bar just referred to,

its upper part is nearly on a level with the under-side of the brass plate, in which a

long slot is made, so that tho beam can be taken out when tho feeding slide-box, and

its plate, which covers this slot, are removed. On tho top of the covering plate of

the feeding slide a tube-hopper is placed, and a hole in the plate communicates with

the slide ; another hole is pierced in the same plate exactly over one end of the beam,

upon the knife-edges of which a long rod is suspended by hollows formed in a cross-

bar close to its upper end, where the weighing platform is fitted. A rod is also sus-

pended at the other end of the beam in a similar manner ; but instead of a. weighing-

plate, it has a knob at top, which, when the beam is horizontal, comes into contact

with an adjustable agate point. The lower end of this pendent rod is stirrup-shaped,

for holding the counterpoise. Two displacing slides are provided, one on each side of

tho feeding-slide, and at right angles to each other ; and a gripping apparatus is fixed

to the under side of the brass top-plate, arranged so as to hold the pendant on which

the scale-plato is fitted during tho change of the coin. A dipping-finger is also at-

tached to the frame of the gripping apparatus, its end passing into a small slot in tho

pendent rod, and acting upon a knife-edge at the lower end of the slot._ There are

four shafts crossing tho machine ; the one through wliich tho power is applied is

placed low and at the centre, and carries a pinion which gears with a wheel of twice

its diameter on a shaft above ; this wheel gears with two similar wheels fixed to shafts

on each side of tho centre. Cams for acting upon the feeding slide, tlirough tho

medium of a rocking frame, are carried by the shaft placed at the end of the machine

where the counterpoise hangs, and tho other two shafts on the same level bear cams

for working tho gripping apparatus, tho dipping-finger, and tho displacing slides.

Having described, as clearly and as popularly as we can, the general features of tho

mechanism, we will proceed to indicate its manner of action. Suppose, then, tho

hopper filled, and a hollow inclined plane about two feet long, which has been added

to tho hopper by the inventive genius of one of tlie gentlemen m the woighing-roora,

also loaded its whole length with the pieces to be weighed, tho machine is set m
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^ nnd Hie feedin" slido pushes the lowesb piece forward on to the weighing-

XWoIr P^ers m^^^^^^^ holding fast by the, neck of the pendant, bo as to keep

thrplate feifctly steady; the dipping-finger as a so at its lowest position, and

restin" upon the knife-edge at the bottom of the slot m the pendent rod thus keeping

[ho beam horizontal, and the knob on the counterpoise-pendant m contact with the

n mte point already mentioned. When the com is fairly placed pn the weighmg-plate,

the firfppers let go their hold of the pendent rod and the dipping-finger is raised by

its cSa - if then the coin is too light, the coin end of the beam will rise along with the

Mng-finger, and the counterpoise end wiU descend ; if heavy, the beam will remain

without motion, the agate point preventing it. As soon as the dipping-finger attains

So proper height, and thus has allowed sufficient time for the weight oi the com to

be decided, the grippers close and hold the pendant, and consequently the scale or

weiffhing-plate, at the high level, if the coin has proved light, and been raised by the

excess of weight in the counterpoise ; and at the low or original level, if the com has

TOOved heavy. One of the displacing slides now comes forward and passes under the

coin if it is light, and therefore raised to the high level; but knocks at off if

remaning on the low level, into the 'heavy box.' The other displacing sMe then

advances This strikes higher than the first, and removes the light piece wliich the

other has missed, into the receptacle for the light coin. During these operations the

feedino'-slide has brought forward another coin, and the process just described is

repeated. The attendant is only required to replenish the inclined plane at intervals, and

remove the assorted coin from the boxes. The perfection of the workmanship, and the

harmony of the various actions of the machine, will be best appreciated from the fact,

that 25 pieces are weighed per minute to the fineness of y^^th of a grain. This com-

bination of great speed and accuracy would not have been possible with a beam made

in the ordinary way, having the centre of gravity below the centre of action ;
and it

was pronounced to be so by the late Mr. Clement, the constructor of Mr. Babbage's

Calculating Machine. But Mr. Napier overcame the difficulty by raising the centre

of gravity so as to coincide with the centre of action, which gave it much greater sen-

sibility ; and he provided the dipping-finger, to bring the beam to a horizontal position

after each weighing, instead of an influencing weight in the beam itself.

The wear and tear of these machines is found to be very small indeed ; those sup-

plied in 184:2 and 1843, and in daily use ever since, weigh with the same accuracy as

at fii'St, although they may be said to have cost nothing for repairs. The principal

cause of this long-continued perfection is that the beam does not oscillate, unless the

coin is light, and even then the space passed through does not exceed the thickness of

the coin.

In 1851, when the Moneyere were no longer masters of the Koyal Mint, and the

new authorities began to regard the process of weighing the coin in detail by hand as a

laborious, expensive, and inaccurate method, the firm of Napier and Son, at an inter-

view with Sir John Herschel, the Master, and Captain Harness, the Deputy-Master,

received an order for five machines, to be designed to suit the requirements of the

Mint, which involved a complete change in the mechanical arrangement of the

machine as used at the Bank, it being necessary to divide the ' blanks,' or pieces

before they are struck, into three classes, ' too fight,' ' too heavy,' and ' medium,' or

those varying between certain given limits. It would occupy too much space to

attempt a description of the mechanical disposition of this machine, and it could not

be satisfactorily accomplished without the aid of drawings ; let it suffice, then, to say
that the displacing-slides are removed, and a long vibrating conducting-tube receives

the blanks as they are in turn pushed off the weighing-plate by the on-coming blanks

;

but, according to the weight of the blank, so the lower end of the tube is found to be
opposite to one of throe openings leading into three boxes. The tube is sustained in

its proper position, during the descent of the blank last weighed through it, by a
stop-finger, the height of which is regulated by a dipping-finger, which comes down
upon a knife-edge at tlie lower end of a slot in tJie pendent rodjust when the grippers

have laid hold of the rod after the weighing is finished ; this finger thus ascertains

the level which the knife-edge has attained, and as it brings down the stop-finger with
it, the guide-tube, which is furnished with three rests, as steps in a stair, vibrates
against the stop-finger, one of the three stops coming in contact with it, according to
the level of the stop-finger ; and the end of the guide-tube takes its place opposite the
channel leading to the box in which the blank should be found. The counterpoise
employed is loss than the true standard weight, by the quantity which may be
allowed as the limit in that direction ; and in case a blank is too heavy, not only is
the counterpoise raised, but a small weight, equal to the range allowed between the
'too light' and 'too heavy,' is raised also; this small weight comes to rest on
supports provided for it when the beam is horizontal, and ih only disturbed by a too
heavy blank.



284 BALSAM COPAWA
Theao machines have proved ovon more aceurato and rapid than those made for the

Bank; and Professor Graliam, the late Master, amongst tlio jmprovoments introduced
by him into the system of the Mint, added to the number, and dispensed entirely with
the hand-weighing, It is said that the saving accruing from this change alone
amounts to nearly 2,000^, per annum. See IIydbostatic Balance ; Weiguikg Ma-
chink.

BAXiAS, BAXiiiVS, or BAIiAIS KVBV. The names applied to the mc-
red and reddish-white varieties of spinel. See Euby,
BAXE. A package of silk, linen, or woollen, is so called.

BAIiXESTBROSITE. A variety of iron pyrites found in Asturia,

BAIiIiXSTIC PENBUXiXTM. An instrument for measuring the force of cannon-

balls. The ballista was an instrument used by the ancients to throw darts, &c. The
ballistic pendulum derives its name from this : it consists of an iron cylinder, closed

at one end, suspended as a pendulum. A ball being fired into the open end, deflect*

the pendulum according to the force of the blow received from the ball, thus measuring
its power.

BAXiIiOOU. In France, a quantity of glass. Of white glass, 25 bundles of six

j)lates each; of colotircd glass, 12^ bundles of three plates each, are called balloons.

Chemists call receivers and flasks of a spherical form balloons.

BAIiXiOONS. See Aerostation.
BAXiIi SOBA, BXACK BAXiIiS, or BIiACB: ASH. Crude carbonate of

Boda, obtained in the manufacture of soda-ash. See Soda.

BAIiM or CIXiEAB. See Balsam, Mecca.
BAXiSAIVX. {BauTtie, Fr. ; Balsam, 6er.) A native compound of ethereal or

essential oils, with resin, and frequently benzoic acid. Most balsams have the con-

sistence of honey ; but a few are solid, or become so by keeping. They flow either

spontaneously, or by incisions made in trees and shrubs in tropical climates. They

have peculiar and sometimes powerful smells, aromatic hot tastes, but lose their

odoriferous properties by long exposure to the air. They are insoluble in water

;

soluble to a considerable degree, in ether ; and completely in alcohol. When distilled

with water, ethereal oil comes over, and resin remains in the retort.

BAIiSAIVI, CAITABA. See Canada Balsam.

BAI.SAIMC COPAZVA, or CAPIVI, or CAPAZBA. {Batctne de Copahu, Fr.

;

Kopaiva Balsam, Ger.) Capaiva balsam, balsam of copahu, or capivi, is obtained

from incisions made in the trunk of the Copaifera officinalis, a tree which grows in

Brazil and Cayenne. It is also very frequently obtained from the C. multijuga,

C. Langsdorfi, and C. Coriacea. It is pale yellow, semi-liquid, clear and transparent^

has a bitter, sharp, hot taste ; a penetrating disagreeable smeU ; a specific gravity of

from 0-950 to 0-996. It dissolves in absolute alcohol, and partially in spirits of wine,

and forms with alkalis crystalline compounds. It consists of 45*59 ethereoiis oil,

52-75 of a yellow brittle resin, and 1-66 of a brown viscid resin. The oil contains no

oxygen, has a composition like that of oil of turpentine ; it dissolves caoutchouc

(according to Durand). but becomes oxidised, in the air, into a peculiar species of resin.

This substance is extensively used in medicine. It was formerly often adulterated

;

some unctuous oil being mixed with it, but as this is easily discovered by its insolu-

bility in alcohol, castor-oil has since been used. The presence of this cheaper oil

may be detected,—1, by agitating the balsam with a solution of caustic soda, and

setting the mixture aside to repose, when the balsam will come to fioat clear on the

top, and leave a soapy thick magma of the oil below ; 2, when the balsam is boiled

with water, in a thin film for some hours, it will become a brittle resin on cooling; but

it will remain viscid if mixed with castor-oil ; 3, if a drop of the oil on white paper

be held over a lamp, at a proper distance, its volatile oil will evaporate, and leave the

brittle resin, witliout causing any stain around, which the presence of oil will pro-

duce ; 4, when three drops of the balsam are poured into a watch-glass, alongside of one

drop 'of sulphuric acid, it becomes yellow at the point of contact, and altogether of a

saffion hue when stirred about with a glass rod ; but if sophisticated with castor-oil,

the mixture soon becomes nearly colourless, like white honey, though after some timo

the acid blackens the whole in either case ; 5, if three parts in bulk of the balsam bo

mixed with one of good water of ammonia (of 0-970 specific gravity) m a glass tube,

it will form a transparent solution if it be pure, but will form a white liniment if it

contain castor-oil ; 6, if the balsam bo tritui-atcd with a little of the common mag-

nesia alba, it will form a clear solution, from which acids dissolve out the magnesia,

and leave the oil transparent if it be pure, but opaque if it be adulterated. hen

turpentine is employed to falsify tho balsam, the fraud is detected by the smell on

heating the compound. . i> j a
This balsam is used in tho manufacture of some varieties of tracing paper ;

and

many lacquers and varnishes have tho balsam of copaiva as one of their (Constituents.
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It is no longor possible to ascertain the quantity of Balsam Copaiva imported
;
by,

n.?t appears to us, a very mistaken regulation of the Custom-house it and a great

tanv ot^er a^^^^^^ are entered under the head of ' Brugs uncnumeratcd:

BlisAMITO and WHITE BA1.SAM. By digesting the frmt of the Balsam

f^trn fvnnin rum a liquid having a bitter taste, a light sherry colour, and the
of Peru tioo

/'^ ^^ ^^J^^^''! '3"'
educed, called Balsamito. It is taken internally, and

nfaSXn to slSi^^^^^^^^ those of the chigoe. By sub-

Sained Bordeaux ti^pentine, and is sometimes confounded with balsam of Toh^

Bi\.l.SAIK[. MECCA. (Baume de la Mecq^iie, Baume du Judee, av.) Mecca

JsS^ot^obalsam,ov Balm of (?.-fearf, is obtained both by incisions m, and by

1,0S the branches and leaves of the Balsamodendron opobalsamum, a shrub which

S'n tab"^^^^^^^ Whenfreshitisturbidand whitish but becomes by

Cee transparent, yellow, thickish, and eventually solid. Its smell is peculmr but

agreeable; it Ustes bitter and spicy; ^ Jl^''^^^'•r^'^vVSre It ^also
Tdno, and contains 10 per cent, of ethereal oil of the specific gravity 0 876. It is also

obtained from B. Gileadense. _ _ . . , -n 1 r< \

BAI.SAM OP PERU. {Batime du Perou, Fr. ; Peruvtamsc/ier Balsam, her.)

Balsam of Peru is extracted from the Myroxylon Peruiferum, a tree which grows m
Peru Mexico, &c. ; sometimes by incision, and sometimes by evaporating the decoc-

tion of the bark and branches of the tree. The former kind is very rare and is im-

ported in the husk of the cocoa-nut, whence it is called balsam en coque. It is brown,

transparent only in thin layers of the consistence of thick turpentine, of an agi-eeable

smeU; an acrid and bitter taste; formed of two matters, the one liquid, the other

granular, and somewhat crystalline. In 100 parts it contains 12 of benzoic acid, 88

of resin, with traces of a volatile oil.

The second sort, the black balsam of Peru, is much more common than the pre-

ceding ;
translucent, of the consistence of well-boiled syrup, very deep red-brown

colour, an almost intolerably acrid and bitter taste, and a stronger smell than the other

balsam. Stoltze regards it as formed of 69 parts of a peculiar oil, 207 of a resm

little soluble in alcohol, of 6-4 of benzoic acid, of 0-6 of extractive matter, and 0-9 of

The celebrated Pomade Bivine, which was a few years since very celebrated, con-

tained a considerable quantity of the balasm of Peru. One of the best recipes for its

prepai:ation was the following :

—

Pine olive oil 18 ozs.

Balsam of Peru 1 oz.

Orris-root • .6 drachms.

Strained Storax 1 drachm.

This, with some bruised nutmegs and cinnamon, was macerated in a water-bath for

three hours, and then filtered.

A French authority states that, dissolved in four times its weight of alcohol, and
spread upon sarsanet already covered with a layer of isinglass, it formed the taffetas

Angleterre.

One thousand parts of good balsam should, by its benzoic acid, saturate 75 parts of

crystallised carbonate of soda. It is employed as a perfume for pomatums, tinctures,

lozenges, sealing-wax, and for chocolate and liqueurs, instead of vanilla, when this

happens to be very dear.

M, Victor le Nouvel, who has been engaged in collecting this balsam since 1836,

gives the following as the process used by the Indians to obtain it. An incision is

made into the tree of about two or three inches broad, and three to four inches long.

They raise the bark from the wood and apply cotton rags to it ; a fire being lighted

round the tree to liquefy the balsam. Fresh incisions are made higher and higher up
the tree, till the cotton rags are quite saturated. It takes from ten to twelve days to

effect this. The rags are next boiled, and when the liquor is cold, the balsam collects

below.

—

Pereira's Materia Mcdica.

Balsam of Peru has been for some years exported from the State of Salvador On
the coast of Chiquimulilla (Guatemala) there are many trees of the description that
yield the balsam, but hitherto it has not attracted the attention of the people to
collect it.

The Balsam of Peru of Salvador is procured within the department of Sonsonate.
The British Consul thus describes its production :

—

In the district of Cuisnagua there are 3,674: trees, which yield altogether only
600 lbs. of tlio gum annually. AVith proper care in the extraction, each tree would
yield 2 lbs. to 3 lbs., making the total quantity capable of being produced in the
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beforo-montionod district about 10,000 lbs. When the season has been more rainy
than usual the product is much lower ; but in order to moot this difficulty, the Indians
heat tho body of the tree by fire, by this moans causing the gum to exudo more freely

;

but this operation invariably causes tho decay of the tree.

Tho Indians employed in collecting the gum say that such trees as are well shaded
yield a greater quantity ; but that those which have been planted by hand yield tho

most. This has been proved by experience, particularly in Calcutta, whore a con-

siderable quantity is yearly coUected from trees which have been so planted. During

the months of December and January the gum oozes away spontaneously. This class

of gum is called ' calcawzate.' It is orange-coloured, weighs less than the other, and

emits a strong odour ; is volatile and pungent.

BAXiSAM STORAX. See Stobax.

BAXSAXWC or TOUT. {Baumc de Tolu, Fr. ; Tolutanischer Balsam, Ger.)

Balsam of Tolu flows from the trunk of the Myroapermum toluiferum, a troo which

grows in South America, on the mountains of Tolu, Timbaceo, &c. It is, when

fresh, of the consistence of turpentine ; is brownish-red, dries into a yellowish or

reddish brittle resinous mass, of a smoU like benzoin ; is soluble in alcohol and ether

;

affords, with water, benzoic acid. It appears probable that both tho balsams of Peru

and of Tolu are obtained from one tree. Balsam of Toluis used to manufacture Tolu

lozenges, and the Syrup of Tolu for irritating coughs. It is sometimes employed by

confectioners to flavour sweetmeats, by perfumers, and in the formation offumigating

pastils.

BAIiTIMORXTE. A variety of fibrous serpentine found at Baltimore.

BAMBOO. {Bamhou, Fr. ; Indiaiiisches Bohr, Ger.) A species of cane, tho

Bambusa arundinacea of botanists. A most important vegetable product in the East,

whore it is used in the construction of houses, boats, bridges, &c. Its grain is used

for bread ; its fibre is manufactured into paper. Walking-sticks are said to bo of

bamboo ;
they are the ratan, a different plant. A siliceous secretion called tabasheer

is frequently found in tho joints of the bamboo. See Eatan and Tabaseeeb,

BAMCXiXTE. A siUcato of alumina found at Bamle, in Norway.

BANANA. An herbaceous endogenous plant, Musa sapimtum, growing in tho

West Indies, East Indies, and generally throughout the tropics. Tho Plantain has a

fruit which is used for food to an immense extent by the inhabitants of hot climates,

forming, indeed, a necessary article of diet.

BANDAnriO-A. A style of calico-printing, in which white or bnghtly-coloured

spots are produced upon a red or dark ground. It seems to have been practised from

time immemorial in India, by binding up firmly with thread those points of the cloth

which were to remain white or yellow, while the rest of the surface was freely sub-

iectod to the dyeing operations.
, . , , , • • i-

Tho European imitations have now far surpassed, m the beauty and precision ot ttio

design, the Oriental patterns, having called into action the refined resources of me-

chanical and chemical science. The white spots are produced by a solution of chlorine

made to percolate down through the Turkey-red cotton cloth, in certain pomte defined

and circumscribed by the pressure of hollow lead types in plates, m an hydraulic press.

Fia 101 is an elevation of one press ;
a, the top of tho entablature; b b, the cheeks

or pillars: c, the upper block for fastening the upper lead perforated pattern to; d,

the lower block, to which the fellow pattern is afiBxed, and which moves up and down

with the piston of the press ;
b, the piston or ram ;

_f, tho sole or base
;

G, the water-

trough for the discharged or spotted calico to fall into; h, tho small cistern for the

aqueous chlorine or liquor-metre, with glass tubes for indicating the height of liquor

inside the cistern; e e, glass stopcocks, for admitting the liquor into that cistern from

So general reservoir; //, stopcocks for admitting water to wash out tho chlorine;

g g the pattern lead-plates, with screws for setting the P/^^te^ mraUel to a h

other - m m, proiecting angular pieces at each corner, perforated with a half-inch

hole to recdve tile fom- guide-pins rising from the lower plate, which servo to secure

icctacro? !^^ the two faces of the load P^tteju-p ates
;

A
^,

two

Xs which'seize and pull through the discharged
ff-^^f^/^^ J^'^J.^^'J^^

tbo wator-troueh To the loft of d there is a stopcock for filling the trougn wica

wateT l is re waste tub for chlorine-liquor and water of washing The contrivance

Tr Woing a stTeam of air across the cloth through the pattern holes is not ropre-

'°Sontg?nT*siHiilar to the above, each possessing the .power of pressing with

,0V Sl huXd tons, are arranged in one line, in
^^^^^^^^ZuV^^^^^^^

between each subdivision semng as passages to '-^1^°^ the workmen to

length
the front to the back of tho presses. Each occupies 25 feet, so that the total icngtn
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mjinner of forming ^^'hicll -mil bo described in tho sequel. One of these plates is fixed

S the upper block of the press. This bloclc is so contnved that it rests upon a kind

of universal ioint, ^rhicli enables this plate to bo applied exactly to the under fellow-

?.lato The latter sits on the movable part of the press, commonly called the sill.

When this is forced up, the two patterns close on each other very mcely by means of

the guide-pins at the corners, which are fitted with the utmost care.

101

The power which impels this great hydrostatic range is placed in a separate apart-

ment, called the machinery-room. This machinery consists of two press-cylinders of

a peculiar construction, having solid rams accurately fitted to them. To each of these

cylinders three little force-pumps, worked by a steam-engine, are connected.

The piston of a large cylinder is eight inches in diameter, and is loaded with a top
weight of five' tons. This piston can bo made to rise about two feet through a leather

stuffing or collar. The other cylinder has a piston of only one inch in diameter, which
is also loaded with a top weight of five tons. It is capable, like the other, of being
raised two feet through its collar.

Supposing the pistons to be at their lowest point, four of the six small force-pumps
are put in action by the steam-engine, two of them to raise the large piston, and two
the little one. In a short time so much water is injected into the cylinders that the
loaded pistons have arrived at their highest points. They are now ready for working
the hydrostatic discharge-presses, the water-pressure being conveyed from the one
apartment to the other, under ground, through strong copper tubes of small calibre.

Two valves are attached to each press, one opening a communication between the
large driving cylinder and the cylinder of the press, the other between the small
driving cylinder and the press. The function of the first is simply to lift the under
block of the press into contact with the upper block ; that of the second is to give
the requisite compression to the cloth. A third valve is attached to the press for the
purpose of discharging the water from its cylinder, when the press is to be relaxed
in order to remove or draw through the cloth.
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From 12 to 14 pieces of cloth, previously dyod Turkey rod, are stretched over each

other as parallel as possible, by a particular machine. These parallel layers are then
rolled round a -vvoodon cylinder, called by the -workmen a drum. This cylinder is now
placed in its proper situation at the back of the press. A portion of the 14 biycrg
of cloth, equal to the area of the plates, is next drawn through between them by hooks
attached to the two corners of the webs. On opening the valve connected with tlie

eight-inch driving cylinder, the water enters the cylinder of the press, and instantly,

lifts its lower block so as to apply the under plate with its cloth close to the upper one.

This valve is then shut and the other is opened. The pressure of five tons in the one-

inch prime cylinder is now brought to bear on the piston of the press, whicli is eight

inches in diameter. The effective force here will therefore bo 5 tons x 8^= 320 tons,

the areas of cylinders being to each other as the squares of their respective diameters,

The cloth is thus condensed between the leaden pattern-plates with a pressure of

320 tons in a couple of seconds.

The next step is to admit the bleaching or discharging liquor (aqueous chlorine,

obtained by adding sulphuric acid to solution of chloride of lime) to the cloth.

This liquor is contained in a large cistern in an adjoining house, from which it is run

at pleasure into small lead cisterns, h, attached to the presses, which cisterns have

graduated index-tubes for regulating the quantity of liquor according to the pattern

pi discharge. The stopcocks on the pipes and cisterns containing this liquor are all

made of glass.

From the measure-cistern, h, the liquor is allowed to flow into the hollows in the

upper lead plate, whence it descends on the cloth, and percolates through it, extracting

in its passage the Tm-key-red dye. The liquor is finally conveyed into the waste

pipe from a groove in the under block. As soon as the chlorine liquor has passed

through, water is admitted in a similar manner to wash away the chlorine, otherwise

upon relaxing the pressure, the outline of the figure discharged would become ragged.

The passage of the discharge liquor, as well as of the water through the cloth, is

occasionally aided by a pneumatic apparatus, or blowing machine, consisting of a

large gasometer from which the air, subjected to a moderate pressure, maybe allowed

to issue and act, in the direction of the liquid, upon the folds of the cloth.
_

By an

occasional twist of the air-stopcock, the workmen also can ensure the equal distribu-

tion of the discharging liquor over the whole excavations in the upper plate. When
the demand for goods is very brisk, the air apparatus is much employed, as it enables

the workman to double his product.
_ ,

The time requisite for completing the discharging process in the first press is suffi-

cient to enable the other three workmen to put the remaining fifteen presses in play.

The discharger proceeds now from press to press, admits the liquor, the air, and the

water ; and 'is followed at a proper interval by the assistants, who relax the press, move

forwards another square of the cloth, and then restore the pressure. "Whenever the

sixteenth press has been liquored, &c., it is time to open the first press. In this routine

about ten minutes are employed, that is, 224 handkerchiefs (16 x 14) are discharged

every ten minutes. The whole cloth is drawn successively forward, to be successively

treated according to the above method.

When the cloth is removed from the press it is passed between the two rollers in

front, from which it falls into a trough of water placed below. It is finally carried

off to the washing and bleaching department, where the lustre of both the white and

the red is considerably brightened.
_ ,

By the above arrangement of presses, 1,600 pieces, consisting of 12 yards eacli =

19,200 yards, are converted into bandannas in the space of ten hours, by the labour

of four workmen.
_ ^ j . • ti,

The patterns, or plates, which are put into the presses to determine the white

figures on the cloth, are made of lead in the following way :—A trellis frame of cast

iron, one inch thick, with turned-up edges, forming a trough rather larger than the

intended load-pattern, is used as the solid groundwork. Into this trough a lead plate,

about one half-inch thick, is fii-mly fixed by screw-nails passmg up from below. To

the edges of this lead plate the borders of the piece of sheet load are soldered which

colors the whole outer surface of the iron frame. Thus a strong trough is formed

one inch deep. The upright border gives at once great strength to the plate .. id

s™ to confine the liquor. A thin sheet of lead is now laid on the thidc lead plate.

nThe manner of a veneer on toilette tables, and is soldered to, it round the edges



BAIUTE

;wt Tlio piocos thus douxdioil aro cob ly M"?^ ?" .
^ i,ottom of tlio clian-

fomri -kick "E- ?Lt *do^^^^^^ the thicker .heetlead,

nof» .uffirient number of small l»f"'f
™'

i' Jess and e«ess. Thus one plate is

"„ that tho discharging l.quor may ha« fieo lugress au P
^,

Srontt°^lX;ralw
pair d- plates co„st,tutes a

So substance known as to.j,Tfh.eh i« largely used in tno

*°ikHTAK.W01lK. Carved and painted work in imitatiou ot Japan ware.

.trrwrSrl^Xiuelrrall •«al Uuds now pass under

given to it, indicates a like on^n. , j England; sometimes called

The l^rterry is a shrubby plant, common n
^^^^^^^^^^^^ The wood and bark' of

Z-i^riSer^he^SV"^^ °^
^"'"^^

termed Bebenne.
f>,af harberrv bushes cause the neighbouring

It is a not.^^^^^^ nothingmore than,

wheat to become blighted. J-^^s ^ . Opr^ted and De Bary have shown
a popular prejudice, but the recen

^^^^^^^l^^^, the two kfndLf fungus, of

BTRlt^An7ZftrmfT; Barilla, Ger.) A crude soda, procvired by

the^Sfn ollA^s2so^ a plant ciUtivat d for ^^J^^VO^^ZIT^

SSf»^aXeWr)ea^^^^

Lda Son bars are laid across thfse cavities, and the f Pl-^^^f
J^^^^^^^^

dry reeds, are placed upon them. The whole is set on fire ^^^^e alkal contgnea n

thJ plant; is fused, and it flows into the «'\y^ty beneatii a re^^^^^^^^

stantly heaping-on plants, the burning is continued until the pits

l7ey a^re then covered up with earth and.allowed to ^^ool^^^imlly The spcn^gy

mass of alkali, when sufficiently cold, is broken out and ^n^^^^^^^

preparation, it is ready for shipment. Good barilla
.^^^^^l^.f"^*;"?^^^^

to Dr Ure's analvsis, 20 per cent, of real alkali associated with mmiates anci sui

nhates chieflv of soda, soSe lime, and alumina, ^vith very little sulphur. Caustic

Cs mkSro'mt were' formerly used in the finishing process of the hard-soap manu-

The manufacture of barilla has greatly declined since the introduction of Lo Blanc's

nrocess for artificially manufacturing soda from common salt.

^ BARliS is COBRE. {Copper BarUla.) A comnaercial name for tho

native copper of Corocoro in Bolivia. The copper is obtained in the state of powder

by cruSc and washing the red Permian sandstone, w^iich contains the metal.

BAKiTB. A form of spoiling adopted by Dana for tho mincval usually called

Vol,. I.
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bari/fcs or heavi/ spar. Professor Dunn luis proposed tliat a distinction should l;e
efaUiblislioa between the mimes of minerals and those of rocks, by terminatin" the

baST '^'^ "^'^^ ^'^'''^"^ '^^'^ Kpelliug from bardic to

^^^^Vmt. (From fiapvs, luavy.) The metallic basis of tlio oiirth baryta was
obtained by Davy, in 1808, by tlie voltaic decomposition of the moistened carbonate
of baryta in contact with mercury. It may likewise be procured by passing ixjtassium
in vapour over barytfi heated to redness in an iron tube, and afterwards withdrawing
the reduced barium whicli the residuum contains, by means of mercury. The Litter
mot'il is separated by distillation in a glass retort, care being taken not to raise the
temperature to redness, for tlie barium then decomposes glass. Mr. Crookes has
prepared metallic barium by adding a saturated solution of chloride of barium to liis

sodium-amalgam, and heating it to about 200° F. The sodium is thus replaced by
barium, and this barium-amalgam, when purified, is lieated under naphtha, and the
mercury thus distilled oif, leaving metallic barium.
Barium is a white metal, like silver, fusible under a red hoat, and denser tlian

oil of vitriol, in which it sinks.— Graham.
BARIUM, OXIDES Or. There are two oxides of barium, a protoxide BaO

(baryta) and a peroxide BaO'-. The protoxide will bo described under Baeyta.
The peroxide may be obtained by passing oxygen over caustic baryta heated to dull
redne.ss

; the oxygen thus absorbed may be expelled at a higher temperature, and the
peroxide thus reduced to the slate of protoxide. Availing himself of these reactions,
Boussingaidt has proposed to prepare oxygen gas on a largo scale by first forming
peroxide of barium by the passage of atmospheric air over baryt;i at a low red heat,
and then decomposing this peroxide by ignition. The oxygon would thus bo really
derived from the air, and the barium-oxido would merely act as a medium for its

alternate absorption and evolution, and might therefore bo used over and over again
indefinitely. Though economy seems to recommend this process, there are practical
difficulties which have hitherto interfered with its working. See Baetta. *

BARIUM, SAX.TS OF :—
Bromide of Barium. Prepared by saturating baryta water with hydrobromic

acid.

Chloride of Barium. Made from the native sulphate (heavy spar), by igniting

it in a crucible -with pounded coal, and then dissolving tliis sulphide in hydrochloric

acid, or by fusing the native sulphate with chloride of calcium. The commercial
chloride frequently contains small quantities of the chlorides of strontium and calcium.

Chloride of barium is especially used for the detection and estimation of sulphuric

acid.

Fluoride of Barium. Prepared by neutralising baryta-water by hydrofluoric

acid.

Iodide of Barium is formed when bydriodic acid is passed over baryta at a red

lieat.

BARXC. The outer rind of j)lants. Many varieties of barks are known to com-

merce, but the term is especially used to express either Peruvian or Jesuits' bark, a

pharmaceutical remedy, or Oak bark, which is very extensively used by tanners and

dyers. The varieties known in commerce are :

—

Cork Bark. {¥t. Liet/e
;
Kork, Ger.). Oak Bark. {Tan brut, 'Ev. ;

EicJienrindc,

Ger.). Peruvian Babk. {Quinqiiina,1^v,; Chinarinde, Gev.). Qukrcitron Bark.

Wattle Bark. See these respectively.

BARK BRSABi A kind of bread prepared in many parts of Norway by the

poorer peasants from the inner bark of the Pimis sylvestris. See Pinus.

BARIiEV. {Orgc, Fr. ;
Gcrstc, Ger.) Hordeum, Lmn. This term is supposed

to bo derived from hordus, heavy, because the bread made from it is very heaAy.

Barley belongs to the class Endogcns, or Monocotyledons ; Gbmel Alliance, of Lindley :

natural order, Gruminacea.

There are four species of barley cultivated in this country :

—

1. Hordeum hexastichon. Six-rowed barley, or Winter barley.

2. Hordeum vulgarc. The Scotch bero or bigg ; the four-rowed barley.

3. Hordeum zcocritoti. Putney, fan, sprat, or battledore barley.

4. Hordeum distichon. Two-rowed long-oared barley, or Summer barley.

Barley and oats are the cereals whose cultivation extends farthest north in Eiu-ope.

The specific gravity of English barley varies from 1-25 to r33 ;
of bigg from 1-227

to 1-265 ; the weight of the husk of barley is i that of bigg g. Specific gra^^ty of

barley is 1-235, by Dr. Uro's trials. 1,000 parts of barley-flour contain, according to

Einhof, 720 of starcli, 56 sugar, 50 mucilage, 36-6 gluten, 12-3 vegetable albumen,

100 water, 2-5 phosphate of lime, and 68 fibrous or ligneous matter.

From tlio examination instituted by the Eoyal Agricultural Society of England, and
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carried out under the directions of Messrs. Way and Ogston, the following results

have been arrived at :—

Kind of Barley employed

Moisture in

100 Parts of

Groin
Gravity of

Grain3
100 Parte of
dried Grain

Unknown
Cliovalior barley

Ditto . . ,
•

Ditto, from Moldavia ....
Ditto . . . ; : •

•

Grains of Chevalier barley ....

12-00

10-00
16-00

11-00
16-00

15-00

1-260

1-234

1-268

2-43

2-50

2-82

2-38

2-75

14-23

The analyses of several varieties gave as the composition of the ashes of the grains

of barley ;

—

Unlmown
Chevalier
Barley

Prom
Moldavia

Chevalier
Barley

Potash

Soda
Lime
Magnesia .

Sesquioxide of iron

.

Sulphuric acid

Silica

Phosphoric acid

Chloride of sodium

21-14

1-65
7-26

2- 13

1-91

30-68

28-53

1-01

20-77
4-56

1-48

7-45

0-51

0-79

32-73

31-69

• • •

37-55
1-06

1-21

10-17

1-02

0-27
24-66

28-64

1-47

7-70

0-36
10-36

1-26
1-46
2-99

70-77
1-99

1-10

In tlie 'Synopsis of the Vegetable Products of Scotland, by Peter Lawson and

Son, will be found the best description of all the different varieties ot barley
;
and,

since the Lawsonian collection is in tlie museum of tlie Eoyal Botanic Gardens at

Kow, the grains can be examined readily by all who take any interest in the subject.

A few only of the varieties will bo noticed.
_ j •

i.

The true six-rowed Barley, known also as Pomeranian and as six-rowed white winter

barley.—This is a coarse barley, but hardy and prolific. It is occasionally sown in

Franco, and also in this country, sometimes as a winter and sometimes as a spring

barley, and is found to answer pretty well as either.

Naked two-rowed.—Eav long, containing twenty-eight or thirty very large
_

grains,

which separate from the palese, or chaff, in the manner of wheat. This variety has

been introduced to the notice of agriculturalists at various times, and under difteront

names, but its cultivation has never been carried to any great extent.
, . . ,

Comnwn Bere, Bigg, or rough Barlei/.—Tlue variety is chiefly cultivated in the High-

lands of Scotland, and in the Lowlands on exposed inferior soils.

Victoria.—L superior variety of the old bigg, compared with which it produces

longer straw, and is long-eared, often containing 70 or 100 grains in each. Instances

liave been known of its yielding 13 quarters per acre, and weighing as much as 96 lbs.

per bushel.
, , rr • i ^ j

Beyond these there are the winter black ; the whiter white ; old Scottish pur-rowed ;

naked, golden, or Italian ; Suffolk or Norfolk, and Short-necked; cultivated in various

districts, and -with varying qualities. See Beeb.

Total Acreage of Barley grown in Great Britain in each yearfrom 1868 to 1872,

Barley 18C8 1869 1870 1871 1872

England .

Wales
Scotland .

1,780,201

151,608

219,515

1,864,088

157,582
229,810

1,963,744

163,853

244,142

1,964,210

169,751

251,822

1,896,403

168,014

261,916

Great Britain . . 2,161,324 2,251,480 2,371,739 2,385,783 2,316,332

V 2
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Statement of Quantities of Barley jiroduced in Foreign Countries in tlie following
years

:

—

Years

1870

1870
1871

1871
1863

1870
1866
1869
1865
1857
1871
1865
1867
1871

Countries

Swodon
Norway
Prussia

Wiirtombcrg
Bavaria
Holland .

Belgium .

France
Portugal .

Spain
Austria

Italy

Greece

United States

Qaantlty-

Bushels

12,377,827

3,749,872

113,920,223

6,028,400

16,910,539

6,088,682

3,665,643

56,495,697

1,925,000

76,427,587

44,933,867

20,534,907

2,128,430

26,718,500

BARIifiV, SCOTCH, HUI.X.EX>, POT, and PXiARI.. When barley is

deprived of its husk by a mill, it forms the Scotch, Hulled, or Pot Barley. When all

the integuments of the grains are removed, and the seeds arc rounded and polished,

they constitute Pearl-Barley. The floxir obtained by grinding pearl-barley to powder
is called Patent Barley.

BAR^E7-SUGAR. Sugar boiled, formerly in barley-water, until it is quite
transparent and crisp. It is flavoured with either orange or lemon peel.

B/LRMC. (Derived from the Saxon beorme ; or from beer-rahm, beer-cream.) The
yeasty top of fermenting beer. It is used as leaven in bread, and to establish fer-

mentation in liquors. See Beeh, Fermentation.
BAR-IKCASTER. In Derbyshire, the authority to whom all disputes in lead-

mining are "referred. He has charge of the standard ' dish ' or measure used for

measuring the ore. It is the same as Bargh-master.

BARMOTE or BARCIMtOTE. A court held for determining such questions as

may arise in lead-mining. It is usually lield in Derbyshire twice a year.

BAR or GROiniTB. A course of rock dissimilar to the ordinary vein-stone

—

which runs across a mineral lode.

BAROMETER. This name signifies a measurer of weight—the column of mer-

cury in the tube of the barometer being exactly balanced against the weight of a

column of air of the same diameter, reaching from the surface of the earth to the

e;xtreme limits of the atmosphere. The length of this column of mercury is never

more than thirty-one inches ; below that point it may vary, according to conditions,

through several inches. There have been many useful applications of the baro-

meter, but the only one with whicli this Dictionary has to deal appears to be the

use of the instrument in coal mines. It is now necessary, under the Coal Mines'

Eegulation Act, that a barometer and a thermometer should be found in every colliery.

This has arisen from a prevailing idea that the explosions of fire-damp have, ju

numerous instances, arisen from the alteration of atmospheric pressure.

The relation between the state of the barometer and the occurrence of colliery ex-

plosions has been investigated by Messrs. K. H. Scott, F. E. S., and W. Galloway, in

a paper ' On the Connection betwoou Explosions in Collieries and Weather.'

—

Pro-

ceedings oftlie Eoyal Society, April 18th, 1872.

Mr. T. Dobson read a paper ' On the relation between Explosions in Collieries and

Eevolving Storms ' at the meeting of the British Association at Glasgow in 1855,

which is printed in the Eeports for that year. Mr. Bunning has given in the

' Transactions of the North of England Institute of Mining Engineers ' diagrams

showing the meteorological records from the observatories of Kew and Glasgow, and

the explosions in collieries reported in those years. It is not possible in this place to

examine a question complicated as this one is by the numerous conditions which

surround the operations of working coals, and ventilating a collier3\ The results of

the examinations made from time to time before Committees of the House of

Commons, and other Committees, and by individuals, many of which are carefully

recorded in the paper already referred to, go to show that meteorological changes are

the proximate causes of a large majority of colliery explosions, and hence, therefore,

the necessity of carefully watcliing tlio dianges of the barometer, and of regulating
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ventilation in obodienco to its indications. So strongly was this folt by the

tlio
^«7XnTrommitteeAvho,in 1868, carefully examined the question, that they

Meteorobgica Com^^^^^^^
of storms-arising as they always do from

I[Sanc?s of l^^^^^^^^
colliery proprietors Messrs. Scott and

disturbances 01 u
their muer-above referred to—in the following words:—

PmSSeft, " or the temperature .rises, it is absolutely

i.^^\T\^^ mo^t careful watch over the amount of air passing through tho

Sn'Jfn orL to prevent the f of dangerous accumulations of explosiyo

SS'of a^and fire-damp in all mines in- which tha margin between danger and

Set^Ts very small. . . . The one cry-wliether we loob to security against explos on,

Tr toSrd to n;iners an atmosphere which is respirable without injury to health-

is more air.' See CoAi-MiNiNG and Ventilation OF Mines. '

BARBEGB, A woollen fabric, in both warp and woof, which takes its name

from the distinct in which it was first manufactured-the especial locality being a

iS ymage named Arosons, in the beautiful vallfey of Barrfeges.; It was first em-

ployed a fn ornament for the head, especially for sacred ceremomes, as baptism and

maSge Paris subsequently became celebrated for its barrege^, but these were

generally woven with a warp of silk. Enormous quantities of cheap barreges are

now m^d^wi^h
YB':;^C'^lTl'^on^^ vessel, or cask, of greater length than breadth,

made of staves, and hooped.
. o i n

The English barrel—wine measure contains 31f gallons.

„ (old) beer „ „ 36 „ .

„ (old) ale „ „ 32 ,,

„ beer vinegar „ ,
34 „ .

„ contains 126 Paris pints. . ...
The ale and beer barrels were equalised to 34 gallons by a statute of William and

Mary. The -\vine gallon, by a statute of Anne^ was declared to be 231 cubic inches ;

the beer gallon being usually reckoned as 282 cubic inches. The imperial gallon ia

277-274 cubic inches. Tho old barrels now in use are as follows :

—

Wine barrel 26i imperial gallons.
32
5 9
38
9

Ale „ (London) . . .33
Boor ,

3621

Ale and beer, for England . . 34fJ

The haril de Florence is equivalent to 20 bottles.

The Connecticut barrel for liquors is 31^ gallons, each gallon to contain 231 cubic

inches. The statute barrel of America must be from 28 to 31 gallons. Tho barrel of

flour, New York, must contain either 195 lbs. or 228 lbs. nett weight. The barrel of

beef or pork in New York and Connecticut is 200 lbs. A barrel of Essex butter is

106 lbs. A barrel of Suffolk butter is 256 lbs. A barrel of herrings should hold

1,000 fish. A barrel of salmon should measure 42 gallons. In machinery, anything

hollow and cylindrical.

BARROWS. In mining, heaps of waste stuff raised from the mine
;
rubbish,

called in Cornwall ' deads.'—The conical baskets into which salt is put.

BARWOOS. An African red dye-wood, the produce of the Baphita nitida,

belonging to the Leguminosce or pea-order—a tree which also yields Camwood. Al-

though distinctions are made between sandal or saunders wood, camwood, and bar-

wood, tliey appear to be very nearly allied to each other—at least, tho colouring-

matter is of tho samo composition. They come, hoAvever, from different places. See

Ca^iwood and Sandal Wood.
MM. Girardin and Preisser thus describe barwood :

—

This wood, in the state of a coarse powder, is of a brip;ht rod colour, without any
odour or smell. It imparts scarcely any colour to the saliVa.

Cold water, in contact with this powder, only acquires a fawn tint after five days'

maceration. 100 parts of water only dissolve 2-21 of substances consisting of 0-85

colouring-matter and of 1'36 saline compounds. Boiling water becomes more strongly

coloured of a reddish yellow ; but, on cooling, it deposits a part of the colouring-

principle in tho form of a red powder. 100 parts of water at 212° dissolve 8-86 of
subbtancos consisting of 7*24 colouring-principle, and 1-62 salts, especially sulphates
and chlorides. On macerating tho powder in strong alcohol, tho liquid almost imme-
diately acquires a very dark vinous red colour. To remove tho whole of tho colour
from fifteen grains of this jrowdor, it was necessary to treat it several times with boil-
ing alcohol, The alcoholic liquid contained 0-23 of colouring-principlo and 0-004 of
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salt. Barwood contains, tlieroforo, 23 per cent, of rod colouring-matter; whilBt
saundcrs wood, according to PoUotior, only contains 16-75.

Tho alcoliolic Bolntion bohavos in the following manner towards reagents :—
Distilled water added in groat quantity . Produces a considerable yellow opales-

cence. The precipitiito is re-dis6olv(!tl

by tho fixed alkalis, and the liquor a-j-

quiros a dark vinous colour.

Fixed alkalis Turn it dark crimson, or dark violet.

Limo-watur ...... Ditto.

Sulphuric acid Darkens tho colour to a cochineal red.

Sulphuretted hydrogen .... Acts like water.

Salt of tin ]?lood-red precipitate.

Chloride of tin Brick-red precipitate.

Acetate of lead Dark violet gelatinous precipitate.

Salts of tho protoxide of iron . . Very abundant violet precipitates.

Copper salts...... Violet-brown gelatinous precipitates.

Chloride of mercury .... An abundant precipitate of a brick-red

colour.

Nitrate of Ijismuth .... Gives a light and brilliant crimson red.

Sulphate of zinc ..... Bright red flocculent precipitate.

Tartar emetic An abundant precipitate of a dark cherry

colour.

Neutral salts of potash.... Act like pure water.

Water of baryta Dark violet-broM-n precipitate.

Gelatine Brownish-yellow ochreous precipitate.

Chlorine Brings back the liquor to a light yellow,

with a slight yellowish-brown precipitate,

resembling hydrated peroxide of iron.

Pyroxylic spirit acts on barwood like alcohol, and the strongly coloured solution

behaves similarly towards reagents. Hydrated ether almost immediately acquires

an orange-red tint, rather paler than that -with alcohol. It dissolves 19"47 per cent, of

the colouring-principle. Ammonia, potash, and soda, in contact with powdered barwood,

assume an extremely dark violet-red colour. These solutions, neutralised with hydro-

chloric acid, deposit the colouring-matter in the form of a dark reddish-brown powder.

Acetic acid becomes of a dark-rod colour, as with saunders wood.

Barwood is but slightly soluble ; but the difficulty arising from its slight solubility

is, according to Mr. Napier, overcome by tho following very ingenious arrangement

:

—Tho colouring-mattor while hot combines easily \rith the proto-compounds of tin,

forming an insoluble rich red colour. Tho goods to bo dyed are impregnated vnlh

proto-chloride of tin combined -with sumach. Tho proper proportion of barwood for

the colour wanted is put into a boiler with water and brought to boil. The goods

thus impregnated are put into this boiling water containing tlie rasped wood, and

the small portion of colouring-matter dissolved in the water is immediately taken up

by tho goods. Tho water, thus exhausted, dissolves a new portion of colouring-

matter, which is again taken up by the goods, and so on till tho tin upon the clotli

has become (if we may so term it) saturated. The colour is then at its brightest and

richest phase.
, . , , . , , , . ,t, rw

BARYTA. {Barytc, Pr.) One of tho simple earths, protoxide of barium (BaO).

It may bo obtained most easily by dissolving the native carbonate of baryta in nitric

acid, evaporating the neutral nitrate till crystals be formed, draining and then cal-

cining these, by successive portions, in a coA-ered platina crucible, at a bright red heat

A less pure baryta may be obtained by igniting strongly a mixture of the carbonate

and charcoal, both in fine powder and moistened. It is a greyish-white earthy

lookino- substance, fusible only at the jet of the oxy-hydrogen blowpipe, has a sharp

caustic taste, corrodes the tongue and all animal matter, is poisonous even m small

quantities, has a very powerful alkaline reaction; a specific gravity of 4-0
;
becomes

hot and slakes violently when sprinkled with water, falling into a fine white powder,

called the hydrate of baryta, which contains 10^ per cent, of water, and dissolves in

10 mrts of boilinn- water. This solution lets fall abundant columnar crystals of

hvdrato of baryta als it cools ; but it still retains one-twentieth its weight of baryta,

and is called baryta water. The above crystals contain 61 percent, of ^-ate^of which,

by drying, they lose 50 parts. This hydrate may bo fused at a red heat without

losing any more water. Of all tho bases, baryt-i has the strongest affinity for sul-

phurrc acid, and is hence employed-cithcr in tho stat^ of the above water, or in that

of one of its neutral salts, as the cliloride-to detect the presence and determine the

quantity of that acid present in any soluble compound.
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«*«rr«iA r<A».80ia-il.T£: or. Tho composition of the native carbonate of

...f.t'^^Ztm^riS ^^^'^^jSl^^C^i^.
Transactions,' 1784).

^
'n rplarc cd as barybi, 77-59, and carbonic acid 22-41. It is foundin Shropshire,

SJiierSrWc tmS The carbonate of baryta is em-

wrl in 01 r coloiir-mnnufactorios as a base for some of the more delicate colours
;

it

Is io iL^n the manufacture of plate-glass, and of AVodgwood-.varo ;
and, m France.

it U much used in the preparation of beet-root sugar.
-, . ^, . " ^ •

1 smll Quantity only of carbonate of baryta is noAV produced in this country
;
in

1870 aSKl3 tons, 19 c^t, we raised in Northumberland ;
a feyy tons we sold

frnm Alston Moor, and from Snailbeach, in Shropshire.

BAXYiZ^KlTItATJl or. This salt is used in pyrotechny for making green

/Frf The bestmixture is nitrate of baryta 77 parts, sulphur 13 parts, chlorate of potos^i

5 partt metallic arsenic 2 parts, charcoal 3 parts. The nitrate is prepared by d.s-

solvinsr carbonate of baryta in nitric acid.
^ „• „ 4.t,„

BARYTA, SUI.PHATB OP. This compound occurs native, forming the

mineral-species kno^n variously as baritc, baryte, or harytes. Its comparatiYelj high

density for a non-metallic mineral (47) led to its recognition by the older minera-

logists as spathum jponderosum, or terra ponderosa, and it is still commonly k?omi as

heavy spar The mineral frequently occui-s in large crystals, usually tabular in form.

Massive varieties, common in many of the lead-mines worked in the motmtam lime-

stone of Derbyshire and Shropshire, are usually termed cawk ; certain columnar

varieties from Saxony are known to German mineralogists as Stangenspath : and a

peculiar form occurring, near Bologna, in nodules which present a radiated struc-

ture, is called Bologna stone. This Bologna spar is notable for the phosphorescence

which it exhibits when heated; the so-called 'Bologna Phosphorus _^^h made hy

powdering this stone, and cementing the powder into tho form of sticks, by means

^^sIiTpiiato of baryta is composed of baryta C5-63, sulphuric acid 34'37, Tvith some-

times a little iron, lime, or silica.
, ^ o -a i.

This salt of baryta is very extensively spread over various parts of the Britisli

inlands. It might be obtained in very large quantities m Devonshire, Cornwall, and

other places, if the demand for it sufficiently increased the price, so as to render the

working of it profitable. It is worked in Derbyshire, Yorkshire, Shropshire, the isle

of Arran, and in Ireland.
. , -nr t j

Cawk, or massive sulphate of baryta, was introduced by Josiah Wedgwood as an

important ingredient in his celebrated 'jasper ware,' and is still employedby tho

potter in producing a similar fine paste. But the mineral is chiefly used as a pigment,

or rather for adulterating other pigments.

The white varieties arc ground after being heated and thrown into water, and_ the

licavy white powder is employed in adulterating white lead. On this account it is

very difficult to obtain correct returns. Tho production of 1871 was :—

Tons Cwts.

Derbyshire , .
' 2,189 5

Shropshire 595 1

Northumberland 1,690 0

Isle of Arran 400 0

Cumberland 57 lo

BAKYTES. HeaA7 spar, or native sulphate of baryta.

BAS AliT. One of the most common A'arietics of trap-rock. It is a dark green

or black stone, composed chiefly of augite and labradorite-felspar, A-ery compact in

texture, and of considerable hardness, often found in regular pillars of three or mora

sides, called basaltic columns. Eemarkable examples of this kind are seen at tlio

Giant's Causeway in Ireland, and at Fingal's Cave, in Staffii, one of the Hebrides.

Messrs. Chance (brothers), of Birmingham, at one time adopted the process of melting

the Eowley rag,' a basaltic rock forming tho plateau of tho Eowley hills, near Dudley,

South Staffordshire, and then casting it into moulds for architectural ornaments, tiles

for pavements, &c. Not only tho Eowley rag, but basalt, greenstone, whinstono, or

any similar mineral, might bo used. The material was molted in a reverberatory

furnace, and when in a sufficiently fluid state poured into moulds of sand encased in

iron boxes, those moulds having been previously raised to a rod heat in ovens suitable

for the purpose. The oljjcct to bo attained by heating the moulds previous to their

reception of tho liquid material is to retard tho rate of cooling; as the result of slow

cooling is a hard, strong, and stony substance, closely rcsemljling tho natural stone,

while the rosult of rapid cooling is a dark brittle glass.

BASXIiXCOXr. The name given by tlie old apothecaries to a mixture of oil, wax,
and resin, which is represented by the Ccrat rcaincB of the present day.
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BASKETS. Woaving of rods into baskets is one of tho most ancient of the arts

amongst men
; and it is practised in almost every pirt of tho globe, whether inhabited

by civilised or savago races. Basket-making requires no description hero.
BASS, or BAST. Tho Russian mats used by gardeners and upholsterers, made

from tho bark of tho Limo or Linden tree, are called Bast mats. Tho name is also
used for tho bark or tough fibres of the flax and hemp plants of -which Bast brooms
are made. Tho thick mat or hassock used by persons to kneel on at church is called
a Bass.

BASSBT. A minor's term for the outcrop of strata. When a seam of coal

comes to tho surface, it is said to ' basset.'

BASSORA GUM. A gum obtained from tho Acacia leitcophlcsa, brought from
Bassora. It has a specific gravity of 1*3691, and is yellowish white in colour.

BASSORZM'S. A constituent part of gum Bassora, as also of gum tragacanth.

It is semi-transparent, difficult to pulverise, swells considerably in cold or boiling

water, and forms a thick mucilage without dissolving.

BATEA. A dish made slightly conical, which is employed for washing soil or

gravel, in search of gold. It is usually about 20 inches in diameter, and 2| inches

deep. Before using the batea, to ascertain if there be any gold, and what amount, it

is necessary to be very careful in the selection of the sample to be experimented upon.
The usual manner of obtaining such a sample is as follows :—The produce of gold is so

very irregular that it is necessary, in the first place, to break from the rock several

hundredweights to secure a good average sample ; all of which should be broken in

pieces about the size of a walnut, the whole well mixed together, and made into a

round flat heap ; this heap is cut through the middle, and an equal quantity of stuff

being taken from each side of the trench formed by the cutting, may, for a rough es-

timation, be at once pulverised and subjected to washing in the batea or horn-spoon
;

but if greater accuracy be desired, it is well to take about half a hundredweight from

each side of the trench, and this be again reduced to pieces of about the size of a pea,

then formed in a heap, and cut as before, and about two pounds should be taken from

each side the trench, and this after pulverisation, and being passed through a very

fine wire sieve,, is ready for a very accurate trial with the batea ; or is quite fit for

assay. This is, indeed, the process by which samples arc taken of the poorer copper

ores in Cornwall.

BATH BRICK. A brick made of calcareous and siliceous earth, used in clean-

ing knives and for polishing purposes. They are made very extensively at and near

Bridgewator from a deposit found in the estuary there ; a similar deposit is also

worked at Cumwick, at the entrance of the Parrot Eiver, and at Highbridge. At

Bridgewater the average make is about 3,000,000 scouring bricks annually, which sell

at about 21. per thousand.

BATH METAL An alloy in nearly equal quantities of copper and zinc. Bath

metal consists of 3 oz. of zinc to 1 lb of copper. See Brass.

BATHS. (Bains, Fr. ; Bade}i, Ger.) The importance attached by the Greeks

and Eomans to bathing is sufficiently attested by the remains of magnificent structures,

which still excite the admiration of the beholder, and by the beautiful specimens of

fresco-painting and sculpture discovered in their l^aths.

It is computed that in the bafhs of Caracalla, as many as three thousand people

could bathe at the same time, in water at various degrees of temperature, to suit their

inclinations. The warm and hot baths wore, however, almost exclusively in use

under the Emperors.

During the Eepublic the baths were cold. Maecenas was the fkstto erect warm_and

hot ones for public use ;
they were CiiUed Thermfe, and were placed under the direc-

tion of sediles, who regulated tho temperature, enforced cleanliness in the establish-

ment, and order and decorum among the visitors. Agrippa, during the time he was

sedile, increased the number of thermaj to 170, and in tho course of two centuries,

there were no less than eight hundred in imperial Eomo. The inhabitants resorted

to the baths at particular hours, indicated by striking a bell or gong. Adrian forbade

their being open before eight in the morning, except in cases of sickness; whereas

Alexander Severus not only permitted them to bo open during tho whole day, but

also to bo used through the night in the great heats of summer.
_

It was a common practice with the Eomans to bathe towards evening and parti-

cularly before supper : some of the more luxurious made use of tho bath oven after

this meal. We are told of many citizens of distinction who were Jn the habit of

bathing four, or five, and even eight times a day. Bathing constituted a part of pub c

rejoicings, equally ;ith the other spectacles, and like them was Prohibited whenji

country suffered xfnder any calamity. All classes resorted to ^1^°

J'f'^V.lnnlTsee^
tlomsclvos. such as Titils, Adrian, and Alexander Screrus, were occasionally seen
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athon<r the bathers. The price of admission was very small, amounting to no more

Kn a farthing.-i^. Lcc, on Mineral Waters and Baths

Warm batlis have come into very general use m England, and they are now cons:-

dared aTindispensably necessary in all modern houses of any magnitude, as also m

chib houses hotels, and hospitals ; and the mode of constructing baths, and of ob-

Sing the necessary supplies of hot and cold water, has undergone much improvement

with the extension of their employment.

The several points in regard to warm baths are,

1. The materials of which they are constructed.

2. Their situation.

3. The supply of cold water.

4. The supply of hot water.

6. Minor comforts and conveniences.

1 As to the materials of which they are constructed.-Of these the best are slabs

of wUshed marble, properly bedded with good water-tight cement, m a seasoned

Wooden case,tnd neatly andWully united at their respective Sf •

IriSly wdl constructed, form a durable, pleasant, and agreeable-lookmg bath, but

Eiense is often objectionable, and," in upper chambers, the weight ^ay proje in-

conve^ent. If of white or veined marble, they are also apt to g^t jeHo^ or

cXured by frequent use, and cannot easily be cleansed; so that large Dutch tiles as

they are caUed, or square pieces of white earthenware, are sometimes substituted

Welsh slate has now superseded marble to a great extent ; and very superior baths

are now manufactured of Stourbridge clay, at Stourbridge.
_
Copper tinned or galva-

nised iron, are also employed; the first is most expensive m the outfit, bnt far more

diu-able than the latter. . -ti^
2. As to the situation of the bath, or the part of the house in which it is to be

placed.—In hotels and club-houses, this is a question easily determined ;
several baths

are usually here required, and each should have annexed to it a properly warmed

cbessing-room. Whether they are upstairs or downstairs is a question of convenience,

but the basement story, in which they are sometimes placed, should always be

avoided : there is a coldness and dampness belonging to it, m almost all weathers,

which is neither agreeable nor salubrious.
,

In hospitals, there are usually several baths on each side of the house (the men s and

women's), and the supply of hot water is ready at a moment's notice.

In private houses, the fittest places for warm baths are dressing-rooms annexed

to the principal bed-rooms ;
or, where such convenience cannot be obtained, a sepa-

rate bath-room connected with the dressing-room, and always upon the bed-room

floor.
J i 1 V

3. The supply of water is a very important point, as connected with the present

subject. The water should be soft, clean, and pure ; and as free as possible from all

substances mechanically suspended in it.

4 and 5.—In public bathing establishments, where numerous and constant baths

are required, the most efifective means of obtaining hot water for their supply are now

employed. It is drawn directly into the baths from a large boiler, placed somewhere

above their level. The hot water enters the bath by a pipe at least an inch and a

half in diameter, and the cold water by one of the same dimension. The relative pro-

portions of the hot and cold water, are of course to be adjusted by a thermometer ;
and

every bath has a two-inch waste-pipe, opening about two inches from the top of the

bath,' and suflforing the excess of water freely to run olF; so that when a person is

immersed in the bath, or when the supplies of water are accidentally left open, there

may be no danger of an overflow.

A contrivance of some ingenuity consists in suffering the water for the supply of

the bath to flow from a cistern above it, through a leaden pipe of about one inch

diameter, which is conducted into the kitchen or other convenient place, where a large

boiler for the supply of hot water is already fixed. The bath-pipe is immersed in this

boiler, in which it makes many convolutions, and again, emerging, ascends to tlip

bath. The operation is simply this :—the cold water passing through tlie_ convolu-

tions of that part of the pipe which is immersed in the boiling water, receives there

sufficient heat for the purpose required, and ascending, in obedience to the law of fluid

pressure, it is delivered in that state by the ascending pipe into the bath, which is also

supplied -with cold water and waste-pipes as usual. The pipe may bo of lead, as far

as the descending and ascending parts are concerned, but the portion forming the

worm or convolutions immersed in the boiler, should bo copper, in order that the

water within it may receive heat without impediment.

The facilities which are now afforded for the construction of baths in private hotisoB,
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and for tho use of thorn at a very cheap rate in public establishments, render it nuitc
unnecessary to retiin tho remarks made by Ur. Ure.

ii'ubhc batlis and -wash-houses liavc now become common amongst us, and withtnom an increased cleanliness is apparent, and improved health throughout tho popu-

Tho steady ineroaso of tho rcvoiuio derived from tho baths and -wash-houses in
iiondon, from tho commoncoment of tho undertaking in 181G, sho-ws tho practicd
utility of those institutions, and thoir oflfbct on tho physical and social condition of tlio
industrious classes ; viz. :

—

Tho aggregate receipts of nine establishments, during
1853, .amount to

1852. Eight cstiblishments .

1851. Six establishments
1850. Four osbiblishinents .

1819. Three establishments

.

1848. Two establishments .

lltl'.} ^'^^
' •

•

£
18,213

15,629

12,906

9,823

6,379

2,896

s.

5

5

12

10

17

5

d.

8

8

5

6

2

1

3,222 1 5

A similar increase has continued to the present time, the receipts being now, 1865,
above 25,000^. Those conveniences—now, indeed, become absolute necessities—are
extending in every part of the country.

Baths, as curative agents, are of various kinds. Turkish Baths, for Rheumatism
and other complaints—in which are adopted all the processes which have been so
much extolled in the Oriental bath system—have been introduced -with success during
tho last few years. Although much lauded by some, they have not been so satis-

factory to others ; and do not therefore appear to be extending. Vapour Baths are
stimulant and sudorific; they may be either to bo breathed, or not to be breathed. Dr.
Pcreira lias given the following Table as a comparative -view of the heating powers of
vapour and of water :

—

Kind of Bath Water
Vapour

Not breathed Breathed

Tepid bath .

"Warm bath .

Hot bath

85° to 92°

92 „ 98

98 „ 106

96° to 106°

106 „ 120
120 „ 160

90° to 100°

100 „ 110

110 „ 130

Local vapour baths are applied in affections of the joints, and the like.

Vapour douche is a jet of aqueous vapour directed on some part of the bodj'.

Medicated vapour baths are prepared by impregnating vapour -with tho odours of

medicinal plants.

Sulphur, chlorine, sulphurous acid, iodine and camphor, are occasionally employed

in conjunction with aqueous vapour.

Warm, tepid, and hot baths are sufficiently described above,

SATH STOnrS. A building stone raised in the -sncinity of the city of Bath. See

OoriTE.
BATBVZIiIiXTS. Dr. C. Gro-vdlle Williams, who has been largely emploj'ed in

the distillation of bituminous minerals, and amongst others of the Torbanitc from

Torbane Hill, near Bathgate, in Scotland, has discovered a brown friable substance

occasionally filling tho hollows of the above mineral. This is inflammable, and has

been named Bathvillite by its discoverer.

BATT. A name given to a highly bituminous shale, which is often found inter-

stratificd -with tlie coal. It occurs in "the South Stiiffordshiro coal-field, and has boon

well described by Jukes in Iiis ' Geology of tlio South Staffordshire Coal-Field.' In

Lancashire this shaleis called ^^ae^- Bass, and in Flintshire, where they are distilling

it in considerable quantities, it is known as Black Slatf.
- , •

Batt or bat is also a term applied by the potter to a plato of gelatine, used in

printing on to pottery, or porcelain over the glaze. In bat-jmitfinr/, the impression is

transferred from an engraved copper plato to a bat of gelatine or glue, Avhc^ucc it is

printed on the glaze, in oil or fcir. Enamel powder being tlien dusted over the print,

adheres to the oiled surface, and the porcelain is then fired at a low temperature. See

PoTTEHY.
. .

, ,

BATTBB. In metallurgy, a process of flattening a piece of iron by a blow
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with a luimmer, so as to compress it inwardly, and spread it outwardly on all sides

around the place of impact. See Stamps.
.„ ^ , . .. ^ e

^ATTBRT. In mininq, a stamping mill. In electricity, a combination of

rrla^s Plates or iars, with both siirftices coated Avith tinfoil. A combination of zmc

£ Conner or of other dissimilar metal plates, which are placed in an acid solution,

or onTother exciting fluid. The galvanic battery. See Electhicity.
_

BAiri.lC. A piece of timber-the whole trunk of a tree. The term is applied by

London timber-merchants to wood in lengths of from 20 to 2o feet .md 10 inches

"^BAUXITE. A mineral which was at one time regarded as an ore of iron. It is so

called from Baux, near Aries, the name of one of the localities in France where it is

found. Its composition varies, but the following analysis of a specimen from Revest,

near Toulon, may be taken as typical .

—

Silica
2-8

Oxide of titanium 3*1

Sesquioxide of iron 25*5

Alumina
Carbonate of lime 0*4

Water 10 '8

It is used as the source from which to obtain aluminium with the most facility and

in the greatest purity. See Alttmikitjm.

BAY SAXiT. The larger crystalline salt of commerce. See Sai,t.
_

BAIT, THE SWEET. {Lauriis nobtlis.) Bay-leaves have a bitter aromatic

taste, and an aromatic odour, which leads to their use in cookery.

BATXiSOirZTE. A hydrated arsenate of lead and copper from Cornwall. It

occurs in- little concretions of a grass-green colour; .and was described by Prof.

Church in the 'Jommal of the Chemical Society' for 1865.

BAYS, OIli OP. This oil is imported in barrels from Trieste. It is obtained

from the fresh and ripe berries of the bay-tree by bruising them in a mortar, boiling

them for three hours in water, and then pressing them. When cold, the expressed oil

is found floating on the top of the decoction. Its principal use is in the preparation

of veterinary embrocations.

BBEIiIiXirni. Two gum-resins pass in commerce by this name. One is the false

myrrh (the Bdellium of Scripture), the produce of the Amyris commiphora. The other

is the African Bdellium, obtained from Heudolatia Africana. Pelletier gives the

composition of the African bdelliumas—resin, 59'0 ; soluble gum, 9-2
;
bassorine; 30-6

;

volatile oil and loss, 1'2.

BEADS. {Grain, Fr.) Perforated balls of glass, porcelain, or gems, strung and

worn for ornaments. Amongst some of the uncivilised races, beads are employed

instead of money.
The use of beads is of the highest antiquity. They are found in the tombs of

Tliebes and in the ruined temples of Assyria. They are discovered buried with the

mighty dead of Greece. The Roman lady had them placed with her in her grave

;

and even in the burial-places of the ancient Britons we find beads, and these, too, of

a similar pattern to such as we have every reason to believe are as old as Mose,s.

Indeed, the peculiar ornamented zigzag pattern of the most ancient beads has been

always, and still is manufactured at Venice, and found over the entire continent of

Africa.

Glass beads have long been made in very large quantities in the glass-houses of

Murano, at Venice.

Glass-tubes, previously ornamented by colour and reticulation, are drawn owt in

proper sizes, from 100 to 200 feet in length, and of all possible colours. Not less than

200 shades are manufactured at Venice. These tubes are cut into lengths of about 2

feet, and then, with a knife,, are cut into fragments, having about the same length

as their diameter. The edges of these beads are, of course, sliarp ; and they are sub-

jected to a process for removing this. Sand and wood-ashes are stirred with the beads,

80 that the perforations may be filled by the sand ; this prevents the pieces of glass

from adhering in the subsequent process, which consists in putting them into a

revolving cylinder and heating them. The finished beads arc sifted, sorted in various
sizes, and strung by women for the market.

In tlie Jurors' Report of the Great Exhibition of 1851, are the following remarks on
this nuuiufacturo :

—

'The old Venetian manufactures of glass and glass-wares fully sustain their im-
portance; and those of paper, jewellery, wax-lights, velvets, and laces, rather
exceeded their ordinary production. The one article of beads employs upwards of
6,000 people at the principal fabric on the island of Murano ; and the annual value is
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at least 200,000/. Tlioy nro exported to London, Marseilles, Hamburg, and thcnco
to Alrica and Asia, and the great ]!:astern Arcliipclago.' The perles a la lunc are a
finer, and, consoquontlj', nioi-o expensive bead, -which are prepared by twisting a small
rod of glass, softened by a blow-pipe, about au iron wire. The preparation and
cutting of gems into beads belong especially to the lapidary. The production of beads
of Paste, and of artificial PhahI/S, will be noticed under those heads respectively. In
India beads of rock-crystal are often A'ory beautifully cut. In 1871 we imported
2'20-t,241 lbs. of glass beads. See Paste; Pearls.
BEAM TREE. {Pi/rics Aria.) The wood is used for axle-trees, naves of

wheels, and the cogs of machinery.
BEAN'. (Faba and Phaseolus.) See LEGUMiNosiE.
BEAKT ORE. {Bohnerz, Gor.) Brown iron ore occurring in ellipsoidal con-

cretions.

BEARXSrcS. The parts of a machine upon which the movable portions are
supported. Upon the correct adaptation of ' the rubbing surfaces to each other
depends the value of a machine. If, for example, there should be much friction

between the axles of a railway-cartiage and its hearings, there would be a large
amount of power lost in overcoming that friction.

It has, therefore, been the study' of engineers to produce bearings which should
offer great resistance to pressure, and from their smobthne'ss produce as little friction

as possible. Kingston's metal has been lately used in the large engines for our iron-

clad fleet. Some of the railway companies are using an alloy of equal parts of tin

and copper. Gun-metal is, however, commonly employed for the bearings of machines.
See Bronze ; Copper ; Kingston's Metal ; Unguents.
BEAT-A'VTAT. In mining, the process of working away hard ground by a

rough method—with wedges and sledge-hammers—in the process of excavation.

BEAVXITE. See Bauxite.
BEA'VER. {Castor Fiber.) This animal is captured for its skin, and for the

castor (castoremn), which is employed medicinally. See Purs.
BEBXRIM-E, or BEBEERXlffE. C'ff'NO'' (CH^'WO'). An alkaloid dis-

covered by Dr. Eodie, of Demerara, in the bark of the bebeern tree. It was examined
more minutely by Madagan and Tilley, and still more recently by Von Planta, who
has determined its true formula. It is very bitter, and highly febrifuge.

BEDE. In mining, a name given to a peculiar kind of pickaxe.

BEECH. (Hctre comvmn, Pr. ; Gemcinc Buclic, Ger.) The beech-tree (the

Fagus sylvatica of LinnEEUs) is one of the most magnificent of our English trees,

attaining, in about sixty or seventy years, in favourable situations, a height of from

70 to 100 feet, and its trunk a diameter of 5 feet. The wood, when green, is the

hardest of British timbers, and its durability is increased by steeping in water ; it

is chiefly used by cabinet-makers, coopers, coach-builders, and turners.

BEEF WOOD. An Australian wood, of red colour, the produce of certain species

of Casuarina. It is used for inlaying and marqueterie work.

BEER. The fermented infusion of malted barley, flavoured by hops, constitutes

the best species of beer ; kno-vra also as ale, bitter ale, porter, or brown stout, accord-

ing to its varied flavoui', colour, and strength. But there are many beverages of

inferior quality to which the name of beer is given ; such as spruce-beer, ginger-beer,

&c., all of which consist of a saccharine liquor, partially advanced into the vinous

fermentation, and flavoured -with peculiar substances.

The ancients were acquainted with beer, and the Eomans gave it the appropriate

name of Cere-vdsia (quasi Ceresia), as being the product of corn, the gift of Ceres.

The most celebrated liquor of this kind in the old time was the Pelusian potation,

so called from the town where it was prepared, at the mouth of the Nile. Aristotle

speaks of the intoxication caused by beer, and Theophrastus justly denominated it

the wino of barley. We may, indeed, infer, from tlie notices found in historians, that

drinks analogous to beer were in use among the ancient Gaids, Germans, and, in fact,

almost every people of our temperate zone ; and they are still the universal beverage

in every land where the vino is not an object of rustic husbandry.

In the production of beer, the raw Barley, and Hops, which are the only materials

necessary, have to undergo various processes which will be more fully described under

tiie separate articles on Malting and Brewing, but the changes which take place lu

those operations will now be considered.

1. The Materials.

Barley.—Barley, wheat, maize, and several other kinds of grain, are capable of

undergoing those changes which develop the saccharine principle from which beef

(^n bo made ; but the first-named is by far the most fit, and in this country la almost
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exclusively used. There are two species of barley ;
the ' Hordcum vulgare,' or common

barley having its corns arranged in two rows on its spikes ;
and the ' Hordeum

hexastichon' in which three seeds spring from one point, so that its double row has

apparently six corns. The former is the proper barley, and is much the larger sized

OTaiii The latter is little known in England, but is much cultivated in Scotland

under the name of here, or higg, being a hardy plant, adapted to a colder climate. Bigg

is a less compact grain than barley, the Aveight of an imperial bushel (2218-192 ms.)

of the former being only 48 lbs., while that of the latter will bo from 52 to 56 lbs.

Their constituents are, however, similar.

By chemical analysis, 100 parts of barley-meal appear to consist of—

Gluten . . . . •

Starch

Sugar
Gum , . .

Another analysis gives :

—

Gluten . .

Hordeum, or starch and gluten

intimately combined

Sugar
Gum
Albumen . .

Gluten

Starch

Sugar
Gum
Albumen

3-76 Albumen. . .
2-23

72-00 Phosphate of lime .
0-25

6-60 Water .... 10-00

5-00 Loss . . .

'. 1-16

3-52 Phosphates . 0-24

Oil . 0-30

67-18 Vegetable fibre . 7-29

5-21 Water . . . . . 9-37

4-62 Loss . . . . ,
1-12

1-15

ral analyses of barley to be :—
4-92 Oils . . . 0-35

60-50 Phosphates . . . . 0-36

4-66 Husk . . . . . 11-56

4-51 Water . . . , . 10-48

0-35 Loss . . . . . 2-31

Proust thought he had discovered in barley a peculiar principle, to which he gave

the name of Hordeine, and which he separated from the starch by the action of both cold

and boiling water. He found that, by treating barley-meal successively with water,

he obtained from 89 to 90 parts of a farinaceous substance, composed of from 32

to 33 of starch, and from 67 to 68 of hordeine. His analysis also gives, gluten, 3-0
;

sugar, 5-0; gum, 4-0
; and resinous extract, I'O.

Dr. S. Thomson gives no hordeine, but the starch as 88 per cent., sugar 4.

Einhof gives the constituents of barley as 70-05 flour; 18-75 husk; and 11-20

water.

The hordeine of Proust is a yellowish powder, contains no nitrogen, and is, therefore,

dissimilar to gluten. In the process of malting the proportion of hordeine is greatly

diminished by its conversion into starch and sugar, so that many chemists view
hordeine as only an allotropic condition of sugar ; but the subject will evidently bear
yet more extended and careful research.

In giving the foregoing analyses, it may be remarked that they nre not intended as

a basis for any estimate of the value for brewing purposes of even the various samples
from which they have been drawn, as the quality of the extract is affected by every
variation of the soil on which the barley was grown, the quality of the seed, the

climate, the season, and the care bestowed on its proper cultivation.

The quality of barley is much influenced by the soil on which it is grown ; the

best being from a light calcareous soil, or that known by farmers as good turnip-

land ; and crops of excellent quality are also grown on a rich land.

Much also depends on the seed, the climate, and the care of the husbandmen in the
harvesting, stacking, and the threshing at the proper season.

The barley should have a thin, bright, clean, wrinkled husk, closely adhering to
a plump, well-fed kernel, which, when broken, appears white and chalky, with
a full uninjured germ of a pale yellow colour. If it breaks hard and flinty, it

should be avoided; and, although not in a proper condition for malting until it

has sweated or seasoned in the stack or mow, care must be taken that it has not
heated so as to destroy the vitality of the germ. Mixed or uneven samples should
also be avoided, as it is important that all should gi-ow simultaneously or evenly on
the floors.

• The Saalo district of Germany is generally considered to produce the fioest quality
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of bni'loy, although its weight per imperial bushel is less than tlio avomgo of English
burloy, and much less than the Scotch.

The Saale weighs from 60 to 64 per buBhel

The English „ „ 82 „ 68

The Scotch ,. ., 54 „ 69

And as barleys, when equally well malted, yield the valuable saccliarino priueiplp

nearly in proportion to their Avoight, the heavier Englisli or Scotcli barley, in a

favourable season, is of tlio most value to the brewer of strong mild ales, where

peculiar delicacy of flavoiu: is not so much roq\iirod.

Hops.—The female flowers, or catkins, of a dioecious plant {Humulm lupvlus)

belonging to the natural order Uriicacece, which grows wild in many English hedge-

rows, but requires the most careful cultivation to produce the highly" odoriferous

and cordial properties so valued by the brewer. Tlio plant springs up annually

from the old roots in April, flowers the latter end of June, and ripens towards tho

end of August and September, wlien they are gathered, dried, and packed very

tightly in pockets or bags, for preservation and use. Hops are gro-mi to the greatest

extent in Kent and Sussex ; but a strong hop is also grown in tho north clay-district

of tho county of Nottingham, and a very grateful mild hop in the Worcestershire

district.

Tho flavour of tho Goldings, or Farnham hop, a district in Surrey, is rich, and in

high estimation ; but the plant is one of the most tender cultivated, the flower small,

but heavy with the farina, and the crop very uncertain. The Canterbury grape-hop

is much cultivated in tho districts of Kent and Sussex, and deservedly esteemed as a

good useful hop. j • j. •

Tlie Flemish plant produces a large flower, but of light weight and of mfenor

flavour ; it is considered a hardy kind, and very productive. Hops require a rich

soil, well manured and cleaned, a sunny aspect, and to be sheltered from the east

winds, which not only check the growth of the plants, but cause them to be infested

with vermin, which are sometimes so numerous as to destroy nearly the entire crop.

The flower, during tho ripening season, is also sometimes attacked by the red or blue

mould, which often consumes a considerable portion of the farina, and may be dis-

covered by tho strig of the flower being bare of leaf. Tlie catkins or strobils of tho

hop consist of the scales, or large and persistent bracts, which, in the early period of

their growth, are of a light green colour (afterwards changing to a pale yellow), at

the bottom of which are small round seeds, that, when ripe, have a hard shell of a

brown or reddish colour. They are imbedded in the farina, or yellow powder, which

is the most valuable part of the hop. No hop should bo gathered till tlie seed

is matured • not for the sake of the seed itself, but the nectarium, or larina, techm-

callv known as 'the condition,' will be in larger particles, and its essential

aromatic and bitter qualities more perfectly developed when ripe. Good hops, when

rubbed in the hand, leave an oily, or resinous, and rather clammy feehng, with a

mneont and gratifying odour ; the scales should also be even in co our, and

without any green specks, or any appearance of mould on the spng, or small stem of

''^ThoXyino' of the hop is an important part of its management, and requires great

care • it is performed in kilns, in Sussex, termed oast-houses.

The heat should be moderate and regular, in no case exceeding 120=^ F., as to over-

dry them would injure the flavour, and if not sufficiently dry they are liable to become

mouldy.
"^The^ceneral practice is to try the strig or stalk of the flower which, if it snaps

from brittleness, is sufficiently dried, but if it bends without breaking, more drjmg is

""^Tn Erocess of drying every means should be used to avoid separating the farina

from between the scales of the hop, and the practice of passing the hops, alter drying,

through what is termed a mill, for the pui-pose of giving more evenness to the ap-

T,orrance of the sample, must be highly injiu-ious, as it breaks up the hop and exposes

to loss the most valuable part of tho plant. The packing has also mueli influence in

tL preservation of the valuable but volatile aroma. The finer flavoured and pale

hops are well rammed into sacks of canvas, called pockets, whicli weigh abou 1* cwt.

each Se stronger and dark-coloured hops into sacks of a coarser texture, called hop-

'l?'ii3forexK W-ro rm;times subjected to the action of the

hydraXprlTand^ not requii-ed for immediate use, the simple screw-press may

'"DrS^rdtctnr^^^^ pulverulent substance that has beau
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^x, 10-00: resin, 30-00; bgmn 38 33 ,
and

^^^^^^ ^ ^^^.^

farina is soluble in alcohol, and
J"^^^^^^^^ sol^b'le in alcohol or

T""X^'d1stfl£ S^ot':S tl 0 ?:si"u°; Sn^eparatod contains.the

Siter priLipt liehtTheen called lu^rame (by Payon and Chevalher), nnxed

ynth a little tannin and malic acid
saturated with lime, the

1 B»pSn of about 1 part to 20, or 5 .por »nt., and acquires a yoUow colour. It

salts it contains only a small quantity of nitrogen, and an essential oil.

The LXSs bv Payen and Chevallicr gives the following :-Volatile oil, 2-00;

lupu ne SsO; resfnt^S^ lignin, 32-00; loss, 0-70. There are also traces of

f tt7astrin-ent and gummy matters, malic and carbonic acids, and various salts

Se Wat^^^^^^^ by Dr. Wagner by distilling fresh hops >"th water.

It constituted about 8 per cent, of the air-dried flowers, it possessed a clear browmsh-

yellow ciC. had an a^crid taste and a strong odour of the hop. "^^^ ^V'f],^^^']^
fs about 0-910 ; it is partially soluble in water, but more so lu alcohol and ether, and

becomes Selified byleepinJ. The tannin of the hop is also important - ^rewuig

as it servos to precipitate the nitrogenisod or albuminous matter of the bailey, and

assist the clearing of the liquor. Ives thought the scales of the ^OP- ^^enW
from the yellow powder, contained no principles analogous to it

;
but it is almost

impossible to free them entirely from the lupulimc grains ;
and Payen and ^he^al-

liei- found the same principles in the different parts of the hop, but in diffeiont

proportions.

2. The Preparation of the Barley by the Pbooess of Malting.

In this process (for the conduct of which we refer to the article Malting)

the raw grain is steeped in cisterns of water until it has imbibed sufficient to cause

it to germinate ; it is then spread on the floor of the malt-house, and frequently

turned, until the germination has advanced to the stage when the plumula is about to

make its appearance, and its further germination is stopped by being rapidly dried

on the malt-kiln. ... . i i e ^.^

During germination a. remarkable change has taken place in the substance ot the

grain. The glutinous constituent has almost entirely disappeared, and is supposed to

have passed into the matter of the radicles, or roots, which during the process will

have grown rapidly to n.oariy one and a ha.lf the length of the grain, wliile a portion

of the starch is converted into sugar and mucilage.

The change is similar to that which starch undergoes when dissolved in water and

digested in a heat of about 160° F. along with a little gluten. The thick paste be-

comes gradually liquid, transparent and sweet-tasted, and the solution contains now

sugar and gum, with some unaltered starch. The gluten suffers a change at the

same time, and becomes acescent, so that only a small quantity of starch can thus

be converted by a quantity of gluten.

By the artificial growth upon the malt-floor all tlio gluten and albumen in-csent in

barley are not decomposed, and only about one-half of the starch is converted into

sugar, as a continuance of the germination would exhaust the grain, and the valuable

products would be taken up by the growth of the roots and stems of the plant. It is,

therefore, the chief art of the maltster to regulate the germination and stop it at the

point when the utmost conversion is attained -with the least loss. This is generally

considered to be done when the plumula, technically known as the acrospire, has

advanced two-thirds the entire length of the grain, starting from the germ and pro-

ceeding under the skin toward the other end of the gi-ain, beyond whicli it must never

bo suffered to protrude ; the conversion of the hordcinc into starch and sugar keeping

pace with the growtii of the acrospire, and being tlius prepared for its nearly com-
plete conversion in the subsoquont operations of the broAVor.
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Mult 18 gonomlly distingiiishod Ly its colour—as pale, ambor, brown, or black malt
•—arising from tho difForont degrees of heat and management in the procoss of
drying. Tho first is produced when tho liigliost heat to which it lias been subjected
is from 90° to 100° F., the amber-coloured when tlio heat has been raised to 120°
or 12,')° and tho brown at a heat of from 150° to 170°. Tho black malt, commonly
called patent malt, is prepared by roasting in cylinders, liko coifee, at a hqat of from
360° to 400°, and is tho only legal colouring-mattor that may bo used in the brewing
of porter.

The action of tho kiln in drying is not confined to tho mere expulsion of tho

moisture from tho germinated seeds, but it sers'es to convert into sugar a portion of

the starch which remained unchanged, not only by the action of tho gluten upon tho

fccula at an elevated temperature, but also by tho species of roasting which tho

starch undergoes, which renders it of a gummy nature. "Wo havo a proof of this

if we dry one portion of tho malt in a naturally dry atmosphere, and another

portion in a moderately warm kiln ; wo shall find the former yield a less saccharine,

extract than tho latter. Moreover, kiln-driod malt has a peculiar, a^eeablo, and

faintly-burned taste, probably from a small portion of ompyroumatic oil formed in

tho Inisk, which not only imparts its flavour to tlio beer, but also contributes to its

preservation.

As the quality of the malt depends much on that of the barley, so its skilful pre-

paration has the greatest influence both on tho quantity and quality of the worts made,

from it. If the germination has been imperfect or irregular, a portion of the malt

will be raw, and too much of its substance remain unchanged and flinty ; if it has

been pushed too far, a part of the extractible matter is wasted.

If not thoroughly dried, tho malt will not keep, but becomes soft and liable to

mildew ; and if too highly kiln-dried, a portion of its sugar will be caramelised and

become bitter.

Good malt possesses the following characteristics :—The grain is round and full,

breaks freely between the teeth, and has a sweetish taste, an agreeable sinell, and

is full of a soft flour from end to end. It affords no unpleasant flavour on being

chewed ; is not hard, so that when drawn along an oaken board across tho fibres it

leaves a white streak like chalk. It swims upon water, while unmalted barley sinks

in it. J 1. J.

Tho bulk of good malt exceeds that of the barley from which it is made by from

5 to 8 per cent., but at the same time it becomes lighter in weight, 100 lbs. of good

barley, judiciously malted, weighing, after being dried and screened, no more than

about 80 lbs., the loss being about 12 per cent, of water, 5 per cent, waste, and about

3 per cent, by the growth of tho roots, which, in drying, have been rendered brittle,

and are removed by passing the malt over a wire screen.

The change which tho barley has undergone by malting will be readily seen in the

following comparative analysis by Proust :

—

Gluten
Hordeine
Starch

Sugar .

Mucilage
Eesin .

"Wo thus see the amount of the convertible starch and sugar has been nearly doubled

at the expense of the hordeine, a portion of which has also passed into tho condition of

mucilage, or a soluble gum, while the gluten is much dimimshed.
_

Tho researches of Payen and Persoz show there is also a new proximate principle

formedTrS the nialthig, which may be considered as a residuum of the gluten or

ve(?etable albumen, in the germinating grain. -1.4.4.1
If we moisten the malt-flour for a few minutes with cold wat^r, press it out strongjy,

filterThe solution, and heat the clear liquid in a ^'-^ter-bath to the tempera^^^^^^

the greater part of the albuminous azotised substance be coagulated and should

be sSaratod by a fresh filtration, after which the clear liqiud is to be treated with

alcoS when a flocky precipitate appears, to which has been given the name of

£1;. To purify it'stSl further, especially from
^J-

nitrogonous^^^^^^^

dissolve it in water, and precipitate again with
; .J^';^".^,"!^ ?^

peraturo it appears as a solid white substance, ""^ and tasteless
2ohol, but dissolves in water and proof spirit Its ^o'^tion is ne^^^^^^^ ^ blo-mes
it changes with greater or loss rapidity accordipg to tho temperature, and becomes

Barley Malt

3 . 1

55 . . 12

32 . . 56

5 . . 15

4 . . 15

1 . . 1

100 100
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sour at a temperatui-e from 149° to 167°. It has tho property of convorting_ starch

iZ^m, or doxtrino (so called by the French chemists ft;om ,ts polarising light to

Se rSht hand, ^rhereas common gum does it to the loft) and sugar; and indeed^

Sien sufficiently pure, tho diastase operates with such energy that one part of it dis-

^oses 2,000 parts of dry starch to that change, but it operates tho quicker the greater

^^CeSr tho solution of diastasq with starch is heated to tho boiUng point, it loses

*^0re''hu?SpS'''5 the starch solution from good malt appear to_ contain about

one part of this substance, which is of the greatest importance m effecting the further

changes which t&ko place in the process of brewing.

*
3. The Pormation of a Sacchaeine Liquid, or Wort,

from the malt and hops, and production of the finished heer }^ the province of the

brewer : and tho procefs will be found at length under the article Brewing. •

The pecuUar properties contained in wort do not exist ready formed in malt, but

are the result of the joint action of water and heat which is employedm the imtiatory

-process of the brewer on that substance, and is termed the mashing.-

The Masking —This operation requires the greatest care, as on it, almost as mucli

as on the malt employed, depends the character of the liquor.

Payen and Persoz, already alluded to, show that the mucilage formed by the reaction

of malt upon starch may be either converted into sugar or be made into a permanent

eum, according to the temperature of the water in which the materials are digested.

We take of pale barley-malt, ground fine, from 6 to 10 parts, and 100 parts of starch ;

we heat, by means of a water-bath, 400 parts of water in a copper to about 80° P.
;
we

then stir in the malt, and increase the heat to 140° P., when we add the starch, and

stir well together. We next raise the temperature to 158°, and endeavour to maintain

it constantly at that point, or, at least, to keep it witliin the limits of 167° on the one

side and 158° on the other. At the end of twenty or thirty minutes the original milky

•and pasty solution becomes thinner, and soon after as fluid nearly as water. This is

the moment when the starch is converted into gum or dextrine. If this merely

mucilaginous solution, which seems to be a solution of gum with a little liquid starch

and sugar, be suitably evaporated, it may serve for various purposes in the arts_ to

which gum is applied ; but, with this view, it must be quickly raised to the boiling

point, to prevent further change. If we wish, on the contrary, to produce a sac-

charine fluid, such as the wort for beer, we must maintain the temperature at be

tween 158° and 167° for three or four hours, when the greatest part of the starch

will have passed into sugar, and by evaporation of the liquid at the same temperature,

a starch syrup may be obtained like that procured by the action of sulphuric acid

upon starch.

In tho operation of mashing, the finished and mellowed malt, having been well

cleansed from all extraneous matters by screening, is coarsely ground, or better if

only crushed between iron rollers, as is now generally practised. It is then gradually

mixed with water in the mash-tuu, at the proper heat, and intimately blended by

stirring with the mashing-rakes, so that it may be uniformly moistened and no lumps

remain. After being allowed some time to stand and settle, the liquor is drawn off,

and more water at a higher temperature is added, again intimately blended with the

malt—now termed the ' goods '—again allowed to rest, and drawn off ; the operation

being repeated until the complete exhaustion of the saccharine and amylaceous sub-

stances of the malt is effected.

We can now see, from Payen and Persoz's experiment just given, the temperature

at which the liquor ought to be maintained in this operation
;
namely, the range

between 158° and 167° ; and it has been ascertained, as a principle in mashing, that

tho best and soundest extract of the malt is to be obtained, first, by beginning to work
\vith water at the lowest of these heats, and to conclude with water at the highest;

secondly, not to operate the extraction at onco with the whole of the water that is to

be employed, but with separate portions and by degrees.

The first portion has the task of penetrating equally the crushed malt, extracting

the more soluble ingredients and subjecting tlio dissolved starch to the action of tho

diastase and free sugar ; the second and further portions are for the purpose of con-

verting the remaining starch and completing the extraction of all the available pro-
ducts. By this means also the starch is not allowed to run into a cohesive paste, or,

as it is termed, ' lock up tho goods,' and tho extract is more easily drained from tho
mass, and comes off a nearly limpid wort. The thicker, moreover, or the less diluted
the mash is, so much tho easier is the wort fined in the boiler or copper by tho coagu-
Voi. I. X
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lation of tlio albuminous mattor. Tlieso principles indicate the true mode of conducting

the mashing process, but different kinds of malt require a different treatment; pale and
slightly kilned malt requires a somewhat lower heat than malt highly kilned, becauso

the former is more ready to becomo pasty, and, for the same reason, needs a more
leisurely infusion than the latter; and this is still more applicable to the case of a
mixture of raw grain witli malt, for it requires still gentler heats and more cautious

treatment.

It is quite practicable to obtain from 1 part of malt and 8 parts of barley, a wort

precisely similar to that procured from 9 parts of pure malt alone. But, of course,

this could not bo done without modifying considerably the process of mashing ; and

it happens, unfortunately, that the practice of the present day, amongst brewers, is to

maintain, as closely as possible, one uniform system of mashing, whatever may be the

nature or quality of the malt employed. Thus a difference in the malt is made to

produce a difference in the wort, and all the energy and skill of the practical brewer

are sometimes insufficient to compensate for the alterations which this difference

induces in the subsequent working of the beer. With a regular and certain com-

position, as to the constituents of his wort, the operations of the brewer would assume

a fixed and definite character, which, at present, they are very far indeed from pos-

sessing ; and by which he not unfrequently suffers the most severe pecuniary loss and

mental anxiety. With the exception of a trifling quantity of vegetable albumen, the

only solid ingredients of beer-wort are dextrine and sugar ; the latter of which fer-

ments with great ease and rapidity, whilst the dextrine, though capable of fermenta-

tion, enters into the process only with difficulty, and requires, for its successful

termination, not only much more yeast, but also a much higher temperature in the

fermenting vat. At the same time, it is this very sluggishness in the fermentative

quality of dextrine which is essential to the production of good beer ; for, with sugar

alone, the fermentation cannot be checked at ordinary temperatures, until the full

measure of its decomposition has taken place, and it has become either a vapid admixture

of alcohol and water, or, by the absorption of oxygen, is resolved into vinegar. It is

indeed a notorious fact, that beer made "with sugar will not keep so well as that made

from malt ;
though, for rapid consumption, the use of sugar is, under some circumstances,

to be commended, more especially on the small scale and in cold weather. The pecu-

liarity of dextrine is, however, as we have stated, to undergo fermentation only with

difficulty and by slow degrees ; hence its decomposition spreads over a long space of

time, and, in very cold weather, amounts to nothing; so that for months, or even years,

after all the sugar of the wort has been destroyed, the evolution of carbomc acid gas

from the still fermenting dextrine, keeps up a briskness and vitality in the beer
;
and,

by excluding oxygen, all chance of acidification is shut off. A perfect beer-wort should

therefore have reference to the period of its consumption: if this be speedy and pressmg,

the proportion of sugar ought to be large ; if remote, the dextrme should greatly

predominate. Under the first condition, the attenuation would proceed qmckly, and,

provided the temperature of the fermenting vatwas not allowed to exceed78°, the beer

would soon cleanse and become ripe and bright ; under the second, the attenuation^m
the vat would be slow and trifling, and require, perhaps, several years fonts completion

in the cask Nevertheless, if the attenuation in the vat had gone on to the complete

destruction of all the sugar, this kind of beer woiUd prove in the end both the better and

more healthy beverage of the two; for by the mode of its formation the presence of

cenanthic ether or fusel oil is avoided. The importance therefore of placing in the

hands of the brewer a means of determining the relative amounts of sugar and dextrine

in his wort is sufficiently obvious. Now, this may be done m two ways: either by

ascertaining, in wort of a determinate strength, the proportion of the one or the other

of these subLtances. The dextrine is easier of calculation than the sugar, m a rough

or approximate way; but the sugar can be determined ..dth much more nonute

accJaey than the dextrine. Yet, in practice, the former p an is preferable, from its

SicTty, as we shall proceed to show. If, to a certain volume of strong wort sayS lbs per barrel), we add an equal amount of alcohol or spirits of wine, the whole

ofSe d xtrineS precipi coagulum ; and by examining the bulk of

thirCs TnZ tube, its weight may be inferred pretty nearly if the tube has been

;tSfgraduated -s t. in^^^^^^^^^^^ ^^^^I'^ZTrnl?^^^^
rutnx:?tifat^«^

tSHne praTcal bUr'Jf Fosent^f/j, ^,3^CrTe^d^^i^

pS ff thfLlTorng solution, and collecting and weighing the red-coloured pro-
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cipitato which ensues,—every three grains of which indicate one grain of grape-suga?;

in the wort.

Grape-Sugar Test-Solution,

Sulphate of copper in crystals

Bitiirtrate of potash

Carbonate of soda in crystals

Uoiliug water, one pint, or .

100 grains,

200 „

800 „ .

8,750 „

First dissolve the sulphate of copper, then the bitartrate of potash, after which add

the carbonate of soda, and filter if necessary. This solution is not affected when

boiled -n-ith cane-sugar, dextrine, gum, or starch.

We have retained from Dr. Ure's original article the result of two brewings, taken

from one mash at two different periods, and analysed to determine their relative

contents of dextrine and sugar, according to the tube or alcohol process :—March 28th,

1851, proceeded to mash for experimental brewings ; weather clear and open ; ther-

mometer outside at 51°,—in fermenting room 68°
; difference between wet and dry

bulb, 5750°; barometer, 39"4 inches. Composition of the malt :—Moisture, 6-1 ; in-

soluble matter, 27 ; extract, 66-9. Quantity of malt employed,^ 70 bushels ; of water at

180° ]?., 700 gallons ; made the mixture with a common mashing-oar, and finished in

15 minutes. One hour afterwards, drew off 200 gallons of wort; and three hours

from commencing to mash, drew off 200 gallons more,—continuing the mash for

table-beer wort. The first-drawn wort contained 7*5 parts of dextrine to 1 of sugar
;

the second, 6-3 parts of dextrine, 2-2 of sugar;—their densities were, respectively,

30 and 36'5 lbs. per bai-rel. They were each boiled separately, with relative amount

of hop,—the first having 30 and the second 36 J lbs. added ; and the boiling in each

case was kept up for three hours. At the end of this time both were cooled and

diluted with water to a gravity of 27^ lbs. per barrel, and 250 gallons of each let

dovra into separate fermenting-vats placed side by side ; after which, they both

received three quarts of good yeast,—the temperature being at 68° F. Two hours

afterwards, the following observations commenced :—No. 1 being the wort containing

7"5 parts of dextrine to 1 of sugar, and No. 2 the wort having 6 '3 of dextrine to 2'2

of sugar.

1851.

March 28, 5 p.m.

„ „ 10 P.M.

29, 9 A.M.

„ 6 P.M.

9 A.M.

6 P.M.

2 P.M.

30,

)»

31,

April 2, 2 P.M.

„ 11, 2 P.M.

„ 13, 2 P.M.

March 28, 5 p.m.

„ „ 10 P.M.

„ 29, 9 A.M.

„ „ 6 P.M.

„ 30, 9 A.M.

„ 6 P.M.

„ 31, 2 P.M.

April 2, 2 P.M.

„ 11, 2 p.m.

„ 13, 2 P.M.

No. 1.

No action

Light thin cream .

White head
Fine white head .

Thick tough head

.

Tough brown head
Ferment well roused up

Attenuation of No. 1. .

(Skimmed off yeast)

No. 2.

No action

Fine white head .

Thick yellow head
Fine tough brown head
High roused-up rocky head
In rapid fermentation .

Throws up much yeast (skimmed off yeast)

Attenuation of No. 2

Temp.
67-5°

67-5

70-0

71-0

74-0

75-0

75-0

8-5

10-0

15-0

15-5

68-0

70-0

74-0

77-0

77-0

76-5

76-0

12-7

15-5

17-5

18-2

The temperature of both had now fallen to 69° F., though each had been roused
repeatedly ; the yeast was therefore again skimmed off, and the beer run into barrels,
and filled up with reserved wort throe times a day as it worked over. On April the
18tli the barrels were closed, having then lost, by attenuation—No. 1, 16'2 lbs., and
No. 2, 19 -6 lbs. Sis weeks afterwards those aloa were examined:—No. 1 was found

X 2
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nnuldy nncl unpleasant ; wliilst No. 2 had a flno fragrant aroma, a brisk, lively ap-
pearance, and WIS perfectly briglit. On January 2nd, 18.12, tlio c/isks were again
examined ;—No. 1 liad now lost 17'9 lbs., and -was bright, rich, and fine-flavoured

;

Avhilst No. 2, tliough bright and pleasant, had contracted a little acidity, and was
bocomiug flat: it had lost, in all, 21 i lbs.

Two similar experiments, made about the samo time in another quarter, gave
almost exactly the sumo results; and, consequently, there can bo little doubt that,

whore a quick sale and rapid consumption of beer can bo ensured, the gi-eat object of

the brewer should bo to convert as jnucli of the dextrine of his wort into sugar as is

proportional to the rapidity of that consumption
; whereas, for boor intended to keep,

the opposite practice should be followed.

The conversion of any giA'^en amount of tho dextrine-wort into sugar may be effected

either by keeping up the temperature of the mash-tun, and prolonging the operation of

mashing
; or, which is better and simpler, by merely preserving the wort for a few

hours at a heat of 165° F., either in the underback or any other convenient vessel.

We have found from experiment that a wort which when run out from the mash-tun
had only 3 parts of sugar to 16 of dextrine, became by 10 hours' exposure to a heat

of 165° converted almost altogether into sugar,—the proportions then being 17*8 of

sugar to 1'2 of dextrine.

A very important part of the duty of a brewer should therefore be, first, the deter-

mination of the relative amounts of dextrine and sugar required to suit tho taste of his

customers, or the circumstances of the market, and next, the continued careful ex-

amination of his wort, so as to ensure that these proportions are regularly mainteined;

for by no other plan is it possible to ensure that certainty of result and uniformity

of quality which are essential to the proper conducting of an expensive business

like browing. Far too little attention has hitherto been given to the fluctuating

qualities of beer-wort ; in warm weather, this wort should probably contain at least

twice as much dextrine as in winter
;
yet this is the very period when, from the in-

creased temperature of the air and materials, the largest quantity of sugar must be

formed by those who mash upon a fixed and unvarying principle. Hence the prone-

ness of the wort to ferment violently in summer is still further increased by the pre-

sence of an extra proportion of sugar ;—whereas prudence would suggest, under such

circumstances, a predominance of dextrine, and seek to effect this purpose by a low

temperature in the mash-tun, and by shortening the period of mashing. As a general

t\de, in the management of wort, more sugar is requisite where small quantities are

brewed at a time, than where large operations are conducted,, for the loss of heat is

relatively larger in small masses than in large ones ;
and, from what has beua stated,

it must be apparent, that, as the fermentation of dextrine is more easily checked by

cold than that of sugar, the beer brewed in trifling quantities could not preserve a

fermentative temperature, but would become chilled and dead from the excessive

radiation of heat, unless a principle existed in it capable of fermentation at
_
the

most ordinary temperatm-es of this country. If, therefore, beer-wort consisting chiefly

of dextrine be fermented in very cold weather, or witli an insufliciency of yeast, or if

the temperature happen to rise too high, so as to destroy or impair the fermentative

power of the yeast, then a dull languid action will ensue, accompanied by what has

been called the viscous fermentation, and beer becomes permanently ropy, and is

spoiled,
1 r -v

Although, clearly, it would be impossible to lay down any specific rule tor tne

proper proportion of dextrine and sugar in beer-wort, yet there could be no difficulty

an each brewer determining for himself, and for the conditions of quantity, time of sale,

time of year, and other contingencies, the requisite ratio to be established m his own

case ;
and, as we have shown, nothing can be simpler than tho means proposed for

ascertaining the composition of wort, remembering that, though a dextrine-wort may

bo thought to have a superior keeping prQperty, it should be rather said that it is

slower in amving at maturitv, whereas a fuU saccharine wort can be fermented more

readily, is mpre under control, and the beer sooner becomes a brilliant and matured

^The^liautity of extract per barrel weight, which a quarter of malt yields to wort,

amounts to about 84 lbs. The wort of the first extract is the strongest
;
the second

contains, commonly, one-half tho extract of the first ; and tho third, one-half of the

second, according to circumstances.
.r *.i *. o

To measure the degrees of concentration of the worts drawn off from the tun, a

particular form of hydrometer, called a saccharometer, is omployed, which indicates

the number of pounds' weight of liquid contained in a barre of 36 gallons imperial

measure. Nowfas the barrel of water weighs 360 lbs the indication of the instrume^it,

when placed in any wort, shows by how many pounds ,X ^l^^^^^^
than a barrel of water ; thus, if tho instrument sinks with its poiso tiU the mark 10 is
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1 liuo with the sm«faeo of tho liqiud, it indicates that a barrel of that wort weighs

irpouuds more than a barrel of water.
_
See SACCHAuoJiiiTER.

Or supposing tho barrel of wort weighs 396 lbs., to convert that number into

gpccific gravity, wo have tho following simple rnle :—

360 : 396::100 : l-lOO ;

at which density the wort contains about 25 per cent, of solid exti-act.

Now the ordinary German chemical thermometer, as supplied Irom all laboratories

is bv far the more reliable and useful instrument ; some men have for years used them

in the mashing, and are quite proud of the exactness and facility with which they are

enabled thereby to manage the process. The hair stem is enclosed along ^vith apaper

scale (properly adjusted and accurately divided) within a glass tube annealed at the

top and the lower end on to the upper portion of the bulb ; thus, with certainty, ex-

posincr the bulb alone to tho influence of apparent heat. By fine copper wire twisted

round the top and lower portions, this tube is attached to a long wood stick 1 inch

X U, cheeked on either side with a lath of 3 or 4 feet long, and rising to the

front nearly f of an inch, to protect the thermometer from actual contact in the

event of an accidental knock ;
upon tho lower end of the stick I attach a small tm

box or cover about 4 inches long, just the width of the stick, and about an mch in

depth. This covers the bulb, and is fitted at the lower end ^vith a simple tm trap-

door valve arrangement, which opens upward on the inside, whenever the slightest

pressui-e is applied underneath it by contact with tho mash, and the instrument is

complete.

When this apparatus is thrust into the goods, their iipward pressure pushes open

the valve, and allows them to pass over the bulb, and immediately on attempting to

withdraw the instrument the valve again closes. This of course can be repeated at

pleasure, and changes the goods in immediate contact with the bulb, with every fresh

motion of the hand, be it ever so slight, and these are distinctly marked by the click

of the valve as it closes being felt. By this simple and inexpensive arrangement, the

brewer has a trusty, useful thermometer, with which he can easily obtain a sample of

his mash from any part of his tub whatever. The thermometer can be read with tho

greatest deliberation ; its indications are almost instantaneous and quite reliable, and a

slight jerk is all that is required to free it entirely from every grain the box contains,

when reading tlie stem.

We will here give a few moments' consideration to the amount of extract to bo
^
ob-

tained from a certain quantity of malt, and for practical purposes let us say eight

bushels, or one imperial quarter.

It is ascertained from experiment that, on an average, 60 lbs. of ordinary glucose

(grape-sugar) are equal to 2 bushels of malt in producing a barrel of beer. A bushel

of malt usually weighs about 40 lbs. ; if it weighs less, on account of being more
thoroughly malted, it is all the better. This proves that 80 lbs. of dry malt, at least

60 lbs., or 75 per cent., are taken up by the brewing liquor. It has been further ascer-

tained by experiment that the amount of these substances just given, namely 60 lbs.

of glucose, or 80 lbs. of malt, will produce a barrel of beer of 20 lbs. per barrel

gra^aty.

From this the practical brewer may deduce that, to ascertain tho amount of dry extract

taken from the malt he has been brewing, he must multiply the lbs. per barrel gra-vnty

by 3, and even this will but show the proportion of dry extract taken up by tho
browing liquor alone. This multiplier is somewhat more than that allowed by the
Excise, theirs being 2'6 instead of 3 ; but it must bo borne in mind that their Tables
were framed upon the basis of cane-sugar instead of malt, and that 90 parts cane-
sugar are equal in atomic equivalent to 96 parts pure glucose. On this account, there-

fore, also, their multiplier ought to bo 2'7368 instead of 2'6. Tho knowledge of this

is of course extremely galling to the export brewer. It will at once be seen that, in
order to determine by a rough and ready estimate what a certain amount of malt
should produce, simply divide the total number of lbs. of malt by 4. This will give
the total gravity of extract obtainable from -good malt for common beers, and if it is

desired to know tho lbs. per barrel that should bo obtained for a particular browing,
simply divide this total extract gravity hy the number of barrels brewed; thus
20 quarters of malt at 40 lbs. per bushel = 6,400 lbs. malt :

—

4) 6400

1600 lbs. gravity of extract.

When cooled down and got into tho fermcnting-tun, if thero were 60 barrels of it,
1600 -r- 66 = 24-2 lbs. per barrel, would bo tho weight of the boor. This is found
practically correct, though it must not bo coutendod that you havo horo an account



310 BEER

tLt n . ? I iT-''^^^'"^'^
"^l*^; "0 of all tho losses

1 Jl/rj. r •
-^^ «f 'Ji-owing, and these of course vary accordinR

to yieia, there ih much diversity of opinion, and of a necessity this must continueto ue so according to the circumstances and class of trade of a brewer, and theivina 01 ale most suitable to him ; but to ale adapted to tlio prevailing tasto of thopresent clay, tho oxporionced brewer will find that the more ho can afford to bobelow 80 lbs. per quarter when cooled down and got into the fermenting-tun, tho
quicker and more certain will bo his profits, and the less annoyances will he have •

indeed, for ale that is not vattod it is most advisable, and for those that are, it is
prudent, especially in warm weather.
The object of boiling tho wort is not merely evaporation and concentration, but

extraction, coaguktion, and, finally, combination witli tlie hops
; purposes which may

bo accomplished in a deep confined copper, by a moderate heat, or in an open shallow-
pan with a quick fire.

The copper, being encased above in brickwork, retains its digesting temperature
much longer than the pan could do. The waste steam of the close kettle, more-
over, can be economically employed in communicating heat to water or weak worts,
whereas the exhalations from an open pan would prove a nuisance, and would need
to be carried off by a hood.
The boiling has a. fourfold effect: first, dm-ing the earlier stages of heating, it

converts the starch into sugar, dextrine, and gum, by means of the diastase
; secondly,

It concentrates the wort
; thirdly, it extracts the substance of the hops diffused through

the wort
; fourthly, it coagulates the albuminous matter present in the grain, or pre-

cipitates it by means of the tannin of the hops.
The degree of evaporation is regulated by the nature of the wort and the quality

of the beer. Strong ale and stout, for keeping, require more boiling than ordinary
porter or table-beer, brewed for immediate use. The proportion of the water carried
off by evaporation is usually from a seventh to a fourth of the volume.

_
The hops are introduced at the commencement of the process. They serve to

give the beer not only a bitter aromatic taste, but also a keeping quality, as they
counteract its natural tendency to become som-—an effect partly due to the pre-
cipitation of the albumen and starch, by their resinous and tanning constituents,
and partly to the antifermentable properties of the lupuline, bitter principle, ethereous
oil, and resin. In these respects, there is none of the bitter plants which can be
substituted for hops with advantage.
For strong beer, powerful fresh hops should be selected ; for weaker beer an older

and weaker article Avill suffice.

_
The stronger the hops are, the longer time they require for the extraction of their

virtues ; for strong hops an hour and a half, or two hours' boiling may be proper

;

for a weaker sort, an hour may be sufficient ; but it is never advisable to push this

process too far, lest a disagreeable bitterness, without aroma, be imparted to the
beer. In some breweries it is the practice to boil the hops ^vith a part of the
wort, and to filter the decoction through a drainer, called the hop-back. The pro-
portion of hops to malt is very various ; but, in general, from 1^ lbs. to 1^ lbs. of

the former are taken for 100 lbs. of the latter in making good table-beer.

For porter and strong ale, 2 lbs. of hops are used, or even more : for instance, from
2 lbs. to 2k lbs. of hops to a bushel of malt, if the beer be destined for consump-
tion in India.

During the boiling of the two ingredients, much coagulated albuminous matter, in

various stages of combination, makes its appearance in the liquid, constituting what
is called the breaking or curdling of tho wort, when numerous minute flocks are seen

floating in it. The resinous, bitter, and oily ethereous principles of the hops combine

with tho sugar and gum or dextrine of the wort ; but for this effect they require time

and heat; showing that the boil is not a process of mere evaporation, but one of

chemical reaction. A yellowish green pellicle of hop-oil and resin appears upon the

surface of the boiling wort, in a somewhat frothy form ; when this disappears the

boiling is presumed to bo completed, and the beer is strained off into the cooler. The

residuary laops may bo pressed and used for an inferior quality of beer ; or they may
be boiled with fresh wort, and bo added to the next brewing charge.

Many prefer adding the hops when the wort has just come to the boiling point.

Their effect is to repress tho passage into tho acetous stage, which would otherwise

inevitably ensue in a few days. In this respect no other vegetable production hitherto

discovered can bo a substitute for the hop.

The odorant principle is not so readily volatilised as would at first be imagined ;

for Avhen hop is mixed with strong beer-wort, and boiled for many hours, it can still

impart a very considerable degree of its flavour to weaker beer.
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' moro Infnsion in hot boer or -water, without boiling, the hop loses very little of

its soluble principles. The tannin of the hop combines, as we have said, with tho

vegetable albiunen of the barley, and helps to clarify the liquor.

If the hops be boiled in tho wort for a longer period than fivo or six hours, they

lose a portion of their fine flavour ; but if their natural flavour be rank, a little extra

boiling improves it. Many brewers throw the hops in upon the surface of the boiling

wort, and allow them to swim there for some time, that the steam may penetrate

them', and open their pores for a complete solution of their principles when they are

pushed down into the liqiior.

The quantity of hop to be added to the wort varies according to tho strength of the

beer, the length of time it is to be kept, or the heat of the climate where it is intended

to be sent.

Tor weak beer 4^ lbs. of hops are required to a quarter of malt ; but when it is

intended to be highly aromatic and remarkably clear, and for the stronger kinds of

ale and porter, the rule, in England, is to take 1 lb. of hops for every bushel of malt,

or 8 lbs. to a quarter. Common beer has seldom more than ^ lb. of hops to a bushel

of malt.

The form, size, and setting, the extent of fire-bed and dimensions of the flues, as

also the poWer of draught procurable of a wort copper, are each and all of such

importance that none but men of experience should be entrusted with the work of

placing it.

With respect to the first of these qualifications, the rapid evaporation required

will suggest an open shallow basin, turned in at the top, so as to roll violent

ebullition into the pan ; the flue should not expose the lower part of the pan higher

than can be covered by the first charge run off from the mash-tun, or the thin edge

of its contents are liable to burn and thereby colour and perhaps flavour the

brewing.

It should be set so that the whole bottom is freely exposed to the fire, and the

bridge BO placed as to direct the flame straight up against it, midway between tho

centre and edge in front. In size it should be capable of boiling away one-fourth of

the brewing ; a pan, say of 60 barrels contents, would turn out, after boiling, 45
barrels.

In estimating for a copper of any size, it is usual to reckon thus : suppose you
desire a copper to boil for a 60-barrel brewing, the contents of the copper should be
80 barrels, and this will only just allow for expansion of bulk and the -violent

ebullition.

The_ extent of fire-bed and power of draught should be such as would enable
the boiling to be finished -within two hours from tho time the jpan was fully charged.
All beers should be boiled at least two hours, or much more of the value of the hops
-will be thrown away than is necessary: it will not endanger either the colour
or the flavour of the palest ales, and it is time sufficient to ensure much of the
benefit arising from the depuration of the flocks by the coagulation consequent on
boiling.

The colour desired should also partially regulate the time required for boiling
;

for pale ales about two hours is sufficient, but not too much : for deep amber, two and
a half to three hours ; for rich brown ales from three to four hours will not be found
too long

; but in deciding this, the colour of the malt-extract, of the hops, and the
gra-vdty of the wort must each be considered.
The following considerations are submitted for the guidance of the brewer in this

operation.

In the first place, except in steam-tight boilers, you cannot raise the heat abovo
212°, however hard you boil; by increasing the fire, therefore, you gain rapidity of
concentration, and colour is obtained not by hard, but by long boiling,

_
Secondly, if wort, boiled either -with or -without hops, be examined by any of the

simple tests for the albumenoids at different times in the process of boiling, it -will be
found that the longest boiled will be the most free from the albuminous constituents,
and that it is almost impossible to boil wort long enough to free it entirely from them •

in this, again, a good boiling proves of value, for it enhances the keeping power of
the boer by ejecting from it those constituents which are so troublesome to the
brewer.

Again, the more concentration that can be permitted in the pan, the more of tho
valuable properties that most deep-spring waters contain are utilised, and these assist
greatly tho clarifying and soundness of the ultimate product.

Thirdly, with regard to the boiling with hops, the same, almost precisely mav ba
said, for tho lupulmo and tannin of the hop are very difficult to draw from theircovert but as tiiis is being accompUshed, it does its work of depuration. semratinKwith Its load of albuminous flocks, as tannato of albumen.

separating
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lu apportioning the hops that aro to be boiled witli the wort, quantity niust be con-
sidered quite as mucli as quality, for it is on the amount of tannin utilised that the
clarifying, and tlioroforo the keeping power of the Ijcor, depends.
The hops used for this purpose may bo mixed witli yearlings and a small propor-

tion of old hops, but these luttev must be carefully selected, for in very old hops the
tiuinin is apt to degenerate into the gallic form, and then it is useless as an agent to
precipitate the albuminous flocks from tho wort.

Eofrigerators liavo now become so generally used, that the slow process of cooling
is quite tho exception in breweries, but tho groat benefit resulting from the quiet
separation of the flocks as it rested on the cooler should not bo lost sight of ; but it is

very much feared that the groat advantages derivable from using powerful refrige-

rators have led many away from tlie slow but prudent course, for Ijy allowing the

sediment to pass into the fermenting tun, the soundness and qualities of the beers

concerned are very much impaired. But by the exercise of a little ingenuity and-

careful management, all tho best benefits expected from using tho most powerful

refrigerators may be obtained without any additional risk.

In tho first place, iet the hop-back be provided with some arrangement which shall .

include a guard to keep tiie hops, with "ports' to prevent a disturbance of the sedi-

ment settled under the plates, and a floating syphon provided with a flattened tin

mouth-piece.

After the wort is discharged from the copper, allow it to rest in the hop-back until

such time as the whole of the flocks and hops shall have settled to the bottom, open

the ports, and push the mouth of the syphon below the surface ; it will then draw off

all the wort clean, bright, and freed from every particle of flocks at any speed

desired.

Now this is a simple and not expensive arrangement.

About an hour will be found long enough for a 90 or 100 barrel brewing to stand.

It should then be passed through the refrigerator within two hours after, the machine

of course being of such actual power as to be capable of cooling a whole brewing, no-

matter what the size, in that time.

It will then be found that the brewing has passed on to the refrigerator before

the wort in the hop-back has fallen even to 150 degrees, and this precludes all pro-

bability of the.wort attaining acetancy from exj>osure on account of cooling.

Another very excellent mode of fermentation, very general in the Northern Counties

and Scotland, is that known as the stone-square system, and it has certoinly a claim

to the most serious consideration of tho practical brewer on account of its many

merits. • It is very cleanly and simple in process, thorough in its work, most easily

and perfectly under control, will prepare the beer for consumption in less time than'

any other process, and is worked at heats far removed from all dangerous tendencies,

and these are all qualities which must greatly commend the system in a commercial

point.

It is thus conducted :—
, • j- i

' The stone square is a cistern made of hard blue stone or slate nearly six feet deep.

This is for the reception of the wort to be fermented : it should hold from 20 to 25

barrels Upon it is placed another stone cistern of sufficient dimensions to contain the

whole of the yeast head that may be made. This is called the yeast-back. It is usually

capable of holding about half the contents of the wort square ;
it has a man-hole in.

the centre, surrounded on the top by a circular stone ring of a section of about six.

inches square. Some twelve inches in front of this man-hole is another hole, about five

or six inches diameter, fitted with a valve arrangement, to the underside of which is,

screwed a large , tin pipe called the organ-pipe, conducting the wort to within about

two inches from the bottom. There is also in the corner another hole, fitted with a

plug at the top, and having a pipe attached to conduct the yeast (after the fermenta-

tion is finished to the yealt waggon in the cellar below; the yeast-back ^^V^T
.jects some eighteen inches around the wort cistern, and is from tliirty to thirtj-six

''"rhe tort cistern is contained within another stone cistern as deep as itself within

>? ri 4inPhes from the top This is called tho shell ; it allows of a free space aU around

the oiS o?re wJ s^^^^^^ of about 5 or 6 inches. This is to allow of the appli.a-

t onTa suitable bath'of warm or cold water, as may be req^ured^ to co^^^^^^^^ h

temperature of the fermenting wort ; to assist m tb/f OFr^^^^
^ ""^^^^^^^

back of the shell, at the top of the side slab : from this the water is allo^ ed to overflow

'''Airthf"slabs composing theoe cisterns should be sa.vn plain and parallel on both

skts! Tlie botlmlb, of course, serves for both the wort -te- aud sho
:

^^^^^^

two taps let into it to drain each respectively, and in front, 1*
?^

^ inch s up

f^om the bottom, a racking pipe with tap attached is let in horizontally through tue
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«hfill and wort-back slabs. To this a lioso pipe is screwed, and the wort is thus drawn-

from the cistern into the casks to be sent out to the consumer, bright, clean, and quite

free from the sediment settled at the bottom of the square.
_

There are two ways of working the stone-square system : in the one, or what wo

mav call the quiet process, as the wort is run into the square the yeast is added, and

the whole reniains undisturbed till the fermentation is finished (this is known by the

falUn'^of the yeast), when it is allowed to run off through the yeast-pipe m the

corner, the wort remaining in the square till perfectly quiet, when it is also bright

and ready for racking into the casks to be sent out to the consumer. ....
In the other process, after the wort and yeast are mixed in the square, it is allowed

to rest and work of itself till there is an evidence of the head just beginmng to fall.

This ^yill usually occur about thirty-six hoiu'S after the square has been filled, sooner

with light, later with heaty ones. Hand-pumps are then placed in the man-hole, and;

the wort is pumped on to the back above, well mixed with the new head, and let

down into the bottom of the square again by the means of the valve and organ-pipe.

This is repeated every 1| or 2 hours, and the attenuation watched by the aid of the

brewer's saccharometer. When it is desired to stop the progress of the fermentation,

it is merely allowed to Tost 6 hours ; when the yeast is let off the back and the wprt

in the square allowed to rest till it is bright and ready for racking. The time occupied

Tby the pumping varies with the character and gravity of the beer in the square from

12 to 30 hours ; and the time for rest afterwards from 30 to 48 or 90 hours, according

as it is required to be ready for the consumer, sooner or otherwise.

As to the amount of yeast to be apportioned to the setting on, the brewer must be

principally guided by liis experience, for in addition to the, gravity of the wort and

the amount of attenuation required, many other points have to be considered, as the

particular kind of ale, the state of briskness in which it is most acceptable to the

consumer, the character of the malt, and the extent to which exhaustion has been

carried, the amount of hops and the length of time it has boiled, the age and constitu-

tion of the yeast, the season and state of the atmosphere—all these considerations

make it nearly impossible to construct a table of quantities, or even give a general

rule as a guide that may be relied on by the brewer.

From circumstances peculiar to every brewer's trade, it will be seen at once how
much difficulty there is in framing a table for the quantities of the yeast to be added to

the wort at the setting on. In order to render this article as complete and practical

as possible, it may be stated for wort mashed in the latter of the processes described,

and fermented by the second of the processes of the stone-square systems, the extent

of extract being about 83 lbs. per quarter when cooled down and got into the squares

(this, of course, being less than the real amount taken from the malt), that for a

gravity of about 2i lbs. per barrel, 2i lbs. of yeast per barrel has been found to bo the

quantity answering the requirements best, the ale generally becoming bright in the

square within six days, racking bright and in first-class condition for sending out within

a week afterwards. .
.

As the gravity per barrel decreases, the proportion of yeast to be added must de-"

crease in greater ratio, owing to the constitution of the wort being of a more albu-

minous nature, and for porters more so still, and vice versd, as the gravity is increased

so must the quantity of yeast added be increased, but in a greater ratio, on account of

the more saccharific quality of the wort.

The malt used in experimental trials was made from good Yorkshire barley, and
weighed about 39i^- lbs. per bushel. It was dried a nice high amber, was three

months old, and the time of the year was March, April, May.
Por reasons very similar to those applied to yeast, it is equally difficult to make a

rule as to the stopping-point in the process of fermentation, and the amount of at-

tenuation necessary, other than this, the longer a beer has to remain on tap the further

should attenuation be carried.

In porter it should be to nearly f of the original gravity.

In common and mild ales at least f of the original gravity.

In strong ales nearly J of the original gravity.

In bitter ales quite £ or nearly | of the original gravity.

It will be well here to consider some of the influences which act so adversely upon
the reputation of the brewer from the quality of the materials he may have to use.

Every brewer should make malt and malting his anxious study, quite as much as ho
should any other portion of his operations, for on it mainly depends the quality of his
productions, and ho should not forget that it costs much less in time, care, and
money, to make bad malt than good, and that it is easy to make bad malt yield over-
mciisuro or overweight, just as it is desired by the local customs of the market: there-
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fore it IS necessary for tlio brower to bo very careful in his soloction and examination
of all malt that comes to liis hand, for lio is very soon made to feel tliat any evil
result from using it is not the fault of the maltster, but of his mismanagement in
browing

; therefore ho must neglect nothing that will enable him to secure to his use a
suitable and trustworthy article.

In an early paragraph of this article, under the head of Materials, is tlio
description of good malt, and wo will here state the characteristic appearances of
barley that has been improperly malted.

First, there is a deficiency in the growth of the acrospire ; the cause of this ig
generally an insufficient steep in the cistern ; tlie inducements to it are two—it will
require loss turning on the malting floor, and pay somewhat less duty. The results
are a plumpness and weight in the malt, but wth it a perceptible deficiency in the
sweetness and saccharine constituent in the product, though an apparently greater
gravity of extract is obtainable from the excossiA'o proportion of the albuminous
constituent present. It may be observed in bre-wdng it, there is a largo amount of
sediment and flocks, and in the fcrmenting-tun abundance of yeast ; the beer from it

"will bo fretful and soon turn off.

In the ci-ushing of such malt in the rolls, it will be perceived there is an abundance
of hard rice-like ends, and the more of these the more harm and loss to the brewer,
for he is either deprived of the use of them if not crushed well up, or disappointed by
the fretfulness of his ale if he crushes them so as to gain a greater apparent gravity
from his mash-tun. Another common fault is the tendency of the maltster to crowd
his floors. This increases the evil begun with the inadequate steep, for the heat gene-
rated forces up the acrospire beyond what the real state of the grain woidd warrant,
causing it to appear in an advanced state when really not so.

The maltster, taking advantage of this forward appearance, puts in on the
kiln at seven or eight days old, which is utterly at variance with the interests of
the brewer, to whom the development of the saccharine principle is the true value
of malting.

The treatment described above involving heavy sprinkling on the floor encourages
acidity and mould, and it is not possible to eradicate this tendency when once fairly

set in.

Perhaps it may be practically impossible to produce malt without a trace of acetic

acid, but the trace should be all that should be there, and where mould has occurred,

the consequences are much worse, for much of the sugar of the malt has become lactic,

and of irreparable lactic tendency ; a sound wort can never be made from such malt.

Malt of this description will have a close-fltting skin that good malt should not

have, and many of the moxildy grains will have a dark spot where the mould has
been attached before it was rubbed off by the screening. Acidity is not always to be

perceived by the taste, but mould is much easier of detection and should be most
rigidly rejected.

We will next consider the results arising from injudicious dr}'ing. As in the former

instance, the desire to tax to its utmost the working ability of the kiln is the incentive,

and the kiln is therefore overloaded, sometimes to the depth of 15, 16, or 18 inches;

but it is not always the depth that is at fault—it is often the irregularity of density of

different parts of the floor, an improper pack generally, unevenness in the distribution

of the heat, want of draught power to penetrate the raw floor, or too much heat at-

tained at first and insufficient at last. All these things have very baneful effects on

the malt, varying according to the circumstances, and doing injury to the extent and

degree of the irregularity—but the most common and serious among them arc,

overloading and insufficient fire at the finish. By the first of these, grain that has

been in all other respects properly treated, and would have been turned off the

Idln a first-rate article, will be disappointing in the mash-tun, and almost useless

;

the moisture that should pass quickly away is retained in the upper portion of the

malt when it is perinanently injured according to the extent of over-loading.

It is at aU times difficult to detect this kind of malt, but it may be observed that

there is a sort of biscuity crispness in breaking it with the teeth, quite unlike the soft

friableness of good malt. Moreover, many of the grains will appear hard and glossy,

as, from being subjected to an excess of heat at first, the outside has become hard

before the moisture has been efficiently expelled from the interior.

In conclusion, let it be remembered that no art of the brewer can make a first-class

quality of extract from inferior or unsound malt. Groat weights of extract may be

obtained from the worst quite as easily as from the best of malts, but it is certain

the less got the better, for with increase of extract out of indifferent samples of

malt, there will be increase of trouble, anxiety, and loss, whilst by due care in the

selection and use of good sound malt and healthy well-cured hops, no brewer need,

fail of procuring a sound and satisfactory ale.
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Beer in its perfect condition is an excellent and healthful beverage, combining, in

some measure; tho virtues of water, of Tvine, and of food, as it quenches thirst, stimu-

lates cheers and strengthens. The vinous portion of it is the alcohol, proceeding

from' the fermentation of the malt-sugar. Its amount, in common strong ale or

beer is about 4 per cent., or four measures of spirits, specific gi-avity 0-825, in 100

measures of tho liquor. The best brown stout porter contains 6 per_ cent., the

stron"-est ale even 8 per cent., but common beer only one. The nutritive part of

the beer is tho undecomposed gum-sugar, and the starch-gum not changed into

su^ar. Its quantity is very variable, according to the original starch of the wort,

the length of the fermentation, and the age of the beer.

The main feature of good beer is fine colour and transparency ; the production of

which is an object of great interest to the brewer. Attempts to clarify it in the cask

seldom fail to do it harm. The only thing that can be used with advantage for fining

foul or muddy beer, is isinglass. For porter, as commonly brewed, it is frequently

had recourse to. A pound of good isinglass will make about 12 gallons oifinings. It

is cut into slender shreds, and put into a tub with as much vinegar or hard beer as

will cover it, in order that it may swell and dissolve. In proportion as the solution

proceeds, more beer must be poured upon it, but it need not be so acidulous as the

£rst, because, when once well softened by the vinegar, it readily dissolves.
_
The

mixture shouldbe frequently agitated with a bundle of rods, till it acquires the uniform

consistence of thin treacle, when it must be equalised still more by passing through a

tammy-cloth, or a sieve. It may now be made up with beer to the proper measure

of dilution. The quantity generally used is from a pint to a quart per barrel, more or

less, according to the foulness of the beer. But before putting \t into the butt, it

should be diffiised through a considerable volume of the beer with a whisk, till a

frothy head be raised upon it. It is in this state to be poured into the cask, and briskly

stirred about ; after which the cask must be bunged down for at least 24 hours, when
the liquor should be limpid. Sometimes the beer will not be improved by this treat-

ment ; but tliis should be ascertained beforehand, by drawing oiF some of the beer

into a cylindric jar or phial, and adding to it a little of the finings. • After shaking

and setting down the glass, we shall observe whether the feculencies begin to collect

in flocky parcels, which slowly subside ; or whether the isinglass falls to the bottom
without making any impression upon the beer. This is always the case when the

fermentation is incomplete, or a secondary decomposition has begun. Mr. Jackson
has accounted for this clarifying effect of isinglass in the following way.

The isinglass, he thinks, is first of all rather difRised mechanically, than chemically
dissolved, in the sour beer or vinegar, so that when the finings are put into the foul

beer, the gelatinous fibres, being set free in the liquor, attract and unite with the
floating feculencies, which before this union were of the same specific gravity with
the beer, and therefore could not subside alone ; but having now acquired additional
weight by the coating of fish-glue, precipitate as a flocculent magma. This is Mr.
Jackson's explanation ; to which we might add, that if there be the slightest disengage-
ment of carbonic acid gas, it will keep up an obscure locomotion in the particles,
which will prevent the said light impurities, either alone or when coated with isinglass,
from subsiding. The beer is then properly enough called stubborn by the coopers.
The true theory probably of the action of isinglass is, that the tannin of the hops com-
bines with the fluid gelatine, and forms a flocculent mass, which envelops the muddy
particles of the beer, and carries them to the bottom as it falls, and forms a sediment.
When, after the finings are poured in, no proper precipitate ensues, it may be made to
appear by the addition of a little decoction of hop.

Mr. Kichardson, the author of the well-known brewer's saccharometer, gives thtj

following as the densities of different kinds of beer :

—

Beer

Burton ale, 1st sort

„ 2nd „
3rd „

Common ale .

Ditto ditto

Borter, common sort

„ double

„ brown stout

„ best brown stout

Common small beer
Good tal;lo beer

Pounds per Banel Specific Gravity

40 to 43 1-111 to 1-120

35 to 40 1-097 to 1-111

28 to 33 1-077 to 1-092
25 to 27 1-070 to 1-073

21 1-058

18 1-050
20 1-055
23 1-064
26 1-072
6 1-014

12 to 14 1-033 to 1-039
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It may bo romarkod that Mr. Ricliiu-dsoii somewhat undorrates the (n-avitv ofporter wlucli is now seldom uudor 20 lbs. per barrel. The criterion for transfciTing

Irom the gyle-tun to the cleansing butts is the attenuation caused by the production
ot alcohol in the beer: when that has fallen to 10 lbs. or 11 lbs., which it usually does

]P'.Q^. "P^^S' cleansing process is commenced. The heat is at this time generally
70 ,

if it was pitched at 65° ; for the heat and the attenuation go hand in Imud.
.

-A-bont forty years ago, it was customary for the London l^rewers of jjorter to keep
inunense stocks of their beer for eighteen months or two years, with the view of improvin"
its quality. The beer was pumped from the cleansing butts into store-vats holding from
twenty to twenty-five ' gyles ' or brewings of several hundred barrels each. The store-
vats had commonly a capacity of 5,000 or 6,000 barrels ; and a few were double, and
one was treble, this size. The porter, during its long roposo in these vats, became
fine, and by obscui-o fermentation its saccharine mucilage was nearly all converted into
vinous liquor, and partly dissipated in carbonic acid. Its hop-bitter was also in a great
degree decomposed. Good hard beer was the boast of the day. This was sometimes
softened by the publican, by the addition of some mild new-brewed beer. Of lato
years, the taste of the metropolis has undergone such a complete revolution in this
respect, that nothing but the mildest porter will now go down. Hence, six weeks is

a long period for beer to be kept in London ; and much of it is drunk when only a
fortnight old. Ale is for tlio same reason come greatly into vogue ; and the two
greatest porter houses, Messrs. Barclay, Perkins, and Co., and Truman, Hanbury,
and Co., have become extensive and successful brewers of mild ale, to please the
changed palate of their customers.

We shall add a few observations upon the brewing of Scotch ale. This beverage is

characterized Ijy its pale amber colour and its mild balsamic flavour. The bitterness

of the hop is so mellowed with the malt as not to predominate. The ale of Preston
Pans is, in fact, the best substitute for wine which barley has hitherto produced.
The low temperatiire at wliich the Scotch brewer pitches liis fermenting tun restricts

his labours to the colder months of the year. He does nothing during four of the

summer months. He is extremely nice in selecting his malt and hops ; the former
being made from the best English barley, and the latter being the growth of Farnham
or East Kent. The yeast is carefully looked after, and measured into the fermenting

tun in the proportion of one gallon to 240 gallons of woit.

Only one mash is made by the Scotch ale brewer, and that pretty strong ; but the

malt is exhausted by eight or ten successive sprinklings of liquor (hot water) over

the goods (malt), which are termed, in the vernacular tongue, sparges. These

waterings percolate through the malt on the mash-tun bottom, and extract as much
of the saccharine matter as may bo sufficient for the brewing. By this simple method

much higher specific gravities may be obtained than would be practicable by a second

mash. AVith malt, the infusion or saccharine fermentation of the diastase is finished

with the first mash ; and notliing remains but to wash away from the goods the matter

which that process has rendered soluble. It will be found on trial that 20 barrels of

wort drawn from a certain quantity of malt, by two successive mashings, will not be

so rich in fermentable matter as 20 barrels extracted hy ten successive sparges of two

barrels each. The grains always remain soaked -nith wort like that just drawn off,

and the total residual quantity is three-fourths of a barrel for every quarter of malt.

The gravity of this residual wort will on the first plan be equal to that of the second

mash ; but, on the second plan, it will be equal only to that of the tenth sparge, and

will be more attenuated in a very high geometrical ratio. The only serious objection

to the sparging system is the loss of time by the successive drainages. A mash-tun

with a steam-jacket promises to suit the sparging system well, as it would keep tip

an uniform tocnperature in the goods, without requiring them to be sparged with very

hot liquor.

The first part of the Scotch process seems of doubtful economy; for the mash

liquor is heated so high as 180°. After mashing for about habf an hour, or till every

particle of the malt is thoroughly drenched, the tun is covered, and the mixture loft

to infuse about tlu-eo hours ; it is then drained off into the underback, or preferably

into the wort-copper. „ , . • • 1 1 j

After this wort is run off, a quantity of liquor (water), at 180° of heat, is sprinkled

uniformly over the surface of the malt ;
being first dashed on a perforated circular

board, suspended horizontally over the mash-tun; wherefrom it descends like a shower

upon the whole of the goods. Tlie percolating wort is allowed to flow off by three or

more small stopcocks round the circumference of the mash-tun,' to insure the equal

diffusion of the liquor. . ^ ...
The first sparge being run off in the course of twenty minutes, another similar ono

is aSused; and thus in succession till the whole of the draiilage, when mixed with the

first mash-wort, constitutes the density adapted to the quality of the ale. ihus, tuo
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Rtron^ worts arc prepared, and the malt is exhausted either for table beer, or for

aVetum, as poiutod out above. The last sparges are made 5° or 6° cooler than tho

^Tho quantity of hops seldom exceeds four pounds to the quarter of malt. The

manner of boiling the -worts is the same as that above desmbed ;
but the conduct of

Z fermentation is peculiar. The heat is pitched at 50°, and the fermentation con-

tinues from a fortnight to three weeks. Were three brewings made m the week,

seven or eio-ht working tuns would thus be in consta^nt action ; and, as they are usually

in one room, and some of them at an elevation of temperature of 15°, the apartment

must be propitious to fermentation, however low its heat may be at the commence-

ment No more yeast is used than is indispensable : if a little more be needed, it is

made effective by rousing up the tuns twice a day from the bottom.

"WTion the progress of the attenuation becomes so slack as not to exceed hall a

pound in the day, it is prudent to cleanse, otherwise the top barm might re-enter the

body of the beer, and it would become yeast-bitten. When the ale is cleansed, tho

head which has not been disturbed for some days, is allowed to float on the surface

tin tiie whole of the then pure ale is drawn off into the casks. This top is regarded

as a sufficient preservative against tho contact of tho atmosphere. The Scotch do not

skim their tuns, as the London ale brewers commonly do. The Scotch ale, when so

cleansed, does not require to be set upon close stillions. It throws off little or no

yeast, because the fermenta,tion was nearly finished in the tun. The strength of the

best Scotch ale ranges between 32 and 44 pounds to the barrel ; or it has a specific

gravity of from 1-088 to 1-122, according to the price at which it is sold. In a good

fermentation, seldom more than a foiu-th of the original gravity of the wort remains

at the period of the cleansing. Between one-third and one-fourth is the usual degree

of attenuation. Scotch ale soon becomes fine, and is seldom racked for the home

market. The following Table will show the progress of fermentation in a brewing

of good Scotch ale :

—

20 barrels of mash-worts of 42J pounds gravity = 860-6

20 „ returns 6^ „ „ =122

12)982-6

pounds weight of extract per quarter of malt = 81

Fermentation ;

—

March 24, pitched the tun at 51° : yeast 4 gallons.

April

Temp. Gra-rity.

25. 52 degrees. 41 pounds.

28. 66 j> 39 „
30. 60

))
34 „

1. 62 )> 32 „
4, 65 )> 29 added 1 lb. of yeast.

6. 66 j» 25 pounds.

6. 67 ji 23 „

7. 67 >> 20 „
8. 66 »> 18 „
9. 66 J) 15 „

10. 64 jj
14-5 cleansed.'

Dr. Uro was employed to make experiments on the density of worts, and the

fermentative changes which they undergo, for the information of a Committee of the

House of Commons, which sat in July and August, 1830 : the following is a short

abstract of that part of his evidence which bears upon the present subject :

—

' My first object was to clear up the difliculties which, to common apprehension, hung
over the matter, from the difference in the scales of tho saccharometers in use among
tho brewers and distillers of England and Scotland. I found that one quarter of good
malt would yield to the porter brewer a barrel imperial measure of wort, at the
concentrated specific gravity of 1'234. Now, if the decimal part of this number be
multiplied by 360, being the number of pounds weight of water in the barrel, the
product -will denote the excess, in pounds, of the weight of a barrel of such concentrated
wort over that of a barrel of water, and that product is, in the present case, 84-24
pounds.

*Mr. Martineau, jun., of tho house of Messrs. WMtbread and Company, and a

» 'Brewing,' Society for Diffusing Useful Knowloclge, p. 166.
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gontloraan connoctod with another groat London browory, had tho kiudnoss to
iuforin nio that thoir averugo product from a quarter of malt was a barrel of 84 lbs,
gravity. It is obvious, therefore, that by taking the moan operation of two such great
estiiblishments, I must have arrived very nearly at the truth,

' It ought to bo remarked that such a high density of wort as l"23'i is not the result
of any direct experiment in the brewery, for infusion of malt is never drawn off so
strong; that density is deduced by computation from the quantity and quality of
several successive infusions ; thus, supposing a first infusion of the qmrter of malt to
yield a ban-el of specific gravity 1-112, a second to yield a barrel at 1-091, and a third
a barrel at 1-031, we shall have three barrels at tho moan of these three numbers, or
ono barrel at their sum, equal to 1-234.

' I may hero observe that tho arithmetical mean or sum is not tlie true mean or sum
of the two specific gravities ; but this difference is either not known or disregarded by
the brewers. At low densities this difference is inconsiderable, but at liigh densities
it would lead to serious errors. At specific gravity 1-231, wort or syrup contains
one-half of its weight of solid pure saccharum, and at 1-1045 it contains one-fourth
of its weight ; but tho brewer's rule, when hero applied, gives for the mean specific

gravity 1*1155 = ^ ^
^

The contents in solid saccliarine matter at that

density are, however, 27| per cent., showing the rule to bo 2| lbs, wrong in excess on
100 lbs., or 9 lbs. per barrel,

' The specific gravity of the solid dry extract of malt-wort is 1-264 ; it was taken in

oil of turpentine, and the result reduced to distilled water as unity. Its specific

volume is 0-7911, that is, 10 lbs. of it will occupy the volume of 7-911 lbs. of water.

The mean specific gravity, by computation of a solution of that extract in its own
weight of water, is 1-1166

; but, by experiment, the specific gravity of that solution is

1-216, sho-wing considerable condensation of volume in the act of combination with
water,

' The following Table shows the relation between the specific gravities of solutions

of malt-extract and the percentage of solid extract they contain :

—

Extract of Malt "Water Malt-Extract in 100 Sugar in 100 Specific Gravity

600 + 600 50-00 47-00 1-2160

600 + 900 40-0 37 00 1-1670

600 + 1,200 33-3 31-50 1-1350

600 + 1,500 28-57 26-75 1-1130

600 + 1,800 25-00 24-00 1-1000

' The extract of malt was evaporated to dryness, at a temperature of about 250° F.,

without the slightest injury to its quality or any empyreumatic smell. Bate's tables

have been constructed on solutions of sugar, and not with solutions of extract of malt,

as they agree sufficiently well with the former, but differ materially from the latter.

Allen's tables give the account of a certain form of solid saccharine matter extracted

from malt, and dried at 175° F., in correspondence to the specific gravity of the

solution ; but I have found it impossible to make a solid extract from infusions of malt,

except at much higher temperatures than 175° F. Indeed, the numbers on Allen's

saccharoraeter-scale clearly show that his extract was by no means dry : thus, at MOO
of gravity he assigns 29-669 per cent, of solid saccharine matter ; whereas there is at

that density of solid extract only 25 per cent. Again, at 1-135, Allen gives 40 parts

per cent, of solid extract, whereas there are only 33^ present.'

The Table (p. 319) shows the origin and effect of fermentation in the reduction of

gravity, in a number of practical experiments.

The second column here does not represent the solid extract, but the pasty extract

obtained as the basis of Mr, Allen's saccharometer, and therefore each of its numbers

is somewhat too high. The last column, also, must be in some measure erroneous, on

account of the quantity of alcohol dissipated during the process of fermentation.

It must be likewise incorrect, because the density due to the saccharine matter will be

partly counteracted by the effect of the alcohol present in tho fermented liquor. In

fact, the attenuation does not correspond to the strength of the wort; being greatest

in the third brewing and smallest in the first. The quantity of yeast for the ale

brewings given in the Table was, upon an average, one gallon for 108 gallons ; but it

varied with its quality, and with the state of the weather, which, when warm, permits

much loss to be used with propriety.
, ^ >

Tho good quality of the malt, and tho right management of the mashing, may bo

tested by tho quantity of saccharine matter contained in the Buccessively drawn worts.
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Original Gravity

of the Worts

1-0950

1-0918

1-0829

1-0862

1-0780

1-0700

1-1002

1-1025

1-0978

1-0956

1-1130

1-1092

1-1171

1-1030

1-0660

lbs, per Barrel

of Saccharine
Matter

88-75
85-62

78-125

80-625

73-75

65 00
93-75
95-93
91-56

89-37
105-82

102-187
110-00

96-40
61-25

Spocifio Gravity
of the Ale

1-0500

1-0420

1-0205

1-0236

•0280

•0285

-0400

•0420

-0307

•0358

-0352

1^0302

1-0400

1-0271

1-0214

lbs. per Barrel
of Saccharine

Matter

40-25

38-42

16-87
20-00

24- 25
25-00
36-25

38-42

27-00

32-19

31-87

26-75
36-25

23-42

17-80

Attenuation, or
Saccharum decom-

posed

0-478
0-552-

0-787"

0-757
0-698

0-615

0^613

0-600

0-705

0-640

0-661

0-605

0-669

0-757

0-709

"With this view, an aliquot portion of each of them should be evaporated by a safety-

bath heat to a nearly concrete consistence, and then mixed vnth. twice its volume of

strong spirit of wine. The truly saccharine substance will be dissolved, while the

starch and other matters will be separated ; after which the proportions of each may

be determined by filtration and evaporation. Or an equally correct, and much more

expeditious, method of arriving at the same result would be, after agitating the viscid

extract with the alcohol in a tall glass cylinder, to allow the insoluble fecula to subside,

and then to determine the specific gravity of the supernatant liquid by a hydrometer.

The additional density which the alcohol has acquired will indicate the quantity of

malt-sugar which it has received. The following Table, constructed by Dr. Ure, at

the request of Henry "Warburton, Esq. M.P., chairman of the Molasses Committee

of the House of Commons in 1830, will show the brewer the principle of this im-

portant inquiry. It exhibits the quantity in grains' weight of sugar requisite to raise

the specific gravity of a gallon of spirit of different densities to the gravity of water

= 1-000.

Specific Gravity of

Spirit.

0-995

0-990

0-985

0-980

0-975

0-970

0-965

0-960

0-955

0-950

Grains' Weight of Sugar in the
Gallon Imperial

•980

1-890
2-800
3-710
4-690
5-600
6-650
7-070
8-400
9-310

The immediate purpose of this Table was to show the effect of saccharine matter in

disguising the presence or amount of alcohol in the weak feints of the distiller. But
a similar Table might easily be constructed, in which, taking a uniform qxiantity of'

alcohol of 0-825, for example, the quantity of sugar in any wort-extract would be
shown by the increase of specific gravity which the alcohol received from agitation

with a certain weight of the wort, inspissated to a nearly solid consistence by a safety-

pan made on the principle oi Dr. lire's patent sugar-pan. (See Sttgak). Thus, the
normal quantities being 1,000 grains' measure of alcohol, and 100 grains by weight of
inspissated mash-extract, the hydrometer would at once indicate, by help of the Table,
first, the quantity per cent, of truly saccharine matter, and next, by subtraction, that
of farinaceous matter present in it.

The advance of the arts is gradually assuming a character which will no longer
permit any manufacturer to neglect the assistance of science ; and those who first take
advantage of the power of knowledge will assuredly leave their fellow-labourers
behind. From being an uncertain and hazardous operation, brewing must ere long
become a fixed and definite principle based upon facts well understood, and capable
of perpetual repetition and reproduction at will. To sum up briefly the general details
of ale-browing, we may state, that, for most kinds of ale, the attoimation in the first
instance should bo finished in from eix to twenty-one days, according to the strength
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of the wort

;
that this attonuation should approach to two-tliirds of tlio wliole weieht-and that attor tuiming and cleansing, tho alo itself sliould weigh about one-fourth ofthe original gra\nty uf tlio wort. Thus, if tho fermenting tun bo set \vith wort of 27 lbs

then tho attenuation sliould bring it down to 9 or 10 lbs., and tho subsequent operations
proiluco an alo woigliing from 6 to 7 lbs. When these conditions are fulfilled, withoutmuch extra trouble or attention, the alo is pretty certain to turn out well, tliough, insome localities, alo is never attenuated to more than one-half its original gravity :

this kind of alo is, however, very apt to become sour in hot weatiier and ropv
in cold. '^

Some additional remarks on tho brewing of portor, M-hich differs from that of ale both
in tho natui-e of tlio materials used and in the modo of finishing tho fermentation are
required. Porter owes its peculiar colour and flavour to burnt saccharine or starchy
matter ; and tliis was formerly obtained by burning sugar until it exhaled tho odour
called by French wi-iters caramel. At present, however, nothing but highly-torrefiod
malt is used; and of this there are several kinds, as brown malt, imperial malt, and
black malt ; all of wliicli are used by some brewers, whilst others employ only the
brown and black, and a few the black alone, for giving colour and flavour. Tlie
fermentative quality or saccharine is, however, the samo as that of ale, and is derived
from pale or amber malt. As a general rule, tho ratio of tho colouring and flavouring
malts are to tho saccharine as about 1 to 5 or 1 to 4 ; but where black malt only is

used, tho proportion does not exceed 1 to 10.

The employment of these burnt malts permits a singular act of injustice on the part
of the Excise, as regards the drawback on exportation. By tho Excise regulations, it

is assumed that a quarter of malt will produce four barrels of ale browed from wort of
the sp. gr. 1-054, or 19-4 lbs. per barrel

;
but, although this is hopeless even with pale

malt, yet with an admixture of brown and black malt the assumption becomes absurd
in the extreme. Admitting that, by good management, on the average, four barrels

of wort, weighing 20 lbs., can bo obtained from one quarter of fine pale malt, yet, in

the operations of cooling, fermenting, tunning, skimming, and cleansing, a loss of fully
10 per cent, occurs under the most vigilant superintendence

;
and, taking tho groat

bulk of our metropolitan breweries, it would be nearer the truth to estimate this loss

at 12 per cent. In plain words, 100 gallons of wort will not, by any management,
produce more than about 88 gallons of saleable beer, though no allowance is made for

this by the Excise ; and the brewer who has paid duty upon 100 gallons gets a di-aw-

back upon but 88. This, however, is the most favourable view of the case ; and we
solicit attention to the force with which the argument returns in the instance of

portor.

If a quarter of pale malt be assumed at 84 lbs. of saccharine strength, then such an

admixture of brown and black malt as is usiially employed by brewers of porter will

not give more than about 24 lbs. ; and as this constitutes at least one-fifth of the whole

bulk used in porter-brewing, we see that a quarter of such mixed malt can never give

more than 70 lbs. ; that is to say, 80 parts of pale malt, mixed with 20 of brown and

black, instead of giving at the rate of 84 lbs., as pale malt alone does, would give but

70 lbs., or produce a difference between tho actual return and that taken for granted

by the Excise authorities, of no less than 16 '6 per cent. ; to wliich, if we add the loss

previously mentioned as arising from fermentation, yeast, &c., and which we have

called 12 per cent., a total difference ensues of 28'6 per cent, between the duty paid

by the brewer and the drawback allowed by Act of Parliament. But the grievance

does not stop here ; for tho only return allowed by Act of Parliament is based upon the

malt duty, and nothing whatever is said of the duty on hops. This, however, is at

the rate of 19s. 7d. per cwt. ; and since hops yield only about 35 per cent, of their

weight of soluble matter, it would require 168 lbs. of hops to produce a barrel of fliiid

or wort weighing 19'4 lbs., or having the requisite parliamentary specific gra-\-ity

of 1-054. Upon this barrel, when exported, the drawback is 5s. ; but, as may

easily bo seen on calculation, the duty paid by the brewfr has been 29s. 3d. In fact,

upon every 168 lbs. of hops consumed by the export brewer, ho suffers a dead loss of

24s. 3d. independently of the waste incidental to his various processes. These things

may seem startling ; but tho whole Board and Staff of the Excise are unable to prove

that they are in the least over-estimated. At the same time, tho intelligent reader will

gather that tho profits of brewing are not by any means so large as a ciu-sory glance at

the subject might appear to warrant. No doubt tho bre\tdng business is at times very

remunerative ; but a continued high price of tho raw materials sometimes proves ruinous

to tho large brewer, as it must not be forgotten that the capital required is large, and

invested in very perishable materials, such as casks and other woo<len utensils, tho

wear and tear upon which is a very largo item ;
nor, again, as we have shown, must a

speculator begin by assuming, with tho Excise authorities, that a quarter of malt mil

produce four barrels of beer, for ho will be much nearer tho truth if he estimates his
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saleable produce at three barrels. As, however, it forms no part of om present task;

to enter into the financial statistics of brewing, wo return to the object more iinmo-

diately in view, merely throwing out, en passant, the above hints for the benefit of

those whom they may concern.
, , . v -u * e

'

If the analyses of malt and malt-wort are reqiusite to enable the brewer to perform

his operations with safety and success, the analysis of beer is not less indispensable

to qualify him for the harassing laboiu? of competition with his neighbours, and for the

protection of his interest against Excise confiscation. Although beer may have been

brewed of the requisite gravity for justifying a drawback on exportation, yet this is

very far indeed from ensuring a return of the malt-duty, even to the limited extent

awarded by law. The question is, How are the Excise oflacials to know the real

weight of the wort from which the beer was brewed? This may be ascertained by

the following method, which should take the place of the present indefinite system :—

j

Having agitated a portion of the ale or beer so as to dissipate its carbomc acid gas,

,

measure out exactly 3,600 grains' measure of it, and pour these into a retort
;
then

distil with great care into a receiver surrounded by ice-cold water about one-third ot

the whole fluid, or rather more tlian this if the ale or beer is known to be highly

alcoholic. Next weigh the distilled fluid, and then ascertain its specific gravity,

from whence, by any of the proper tables of alcohol, the total quantity of absolute

alcohol in the distiUed fluid may be known. This alcohol is to be converted by cal-

culation into its equivalent of sugar, at the rate of 171 parts of sugar for every 92 of'

alcohol found; after wliich the sugar must be brought into pounds per barrel by the

rule before given, which is 52^ lbs. of sugar for every 20 lbs. of gravity.
_

The amount

of vinegar is next to be determined by any of the known forms of acidimetry. (See

AcmiMETET.) This vinegar, or acetic acid, must, like the alcohol, be also converted

into its representative of sugar, by assigning 171 of sugar to every 102 of anhydrous

acetic acid present in the beer, this sugar being, as before, converted into pounds per

barrel. To the beer remaining in the retort, sufficient distilled water is then to be

added, that the entire bulk of fluid may once more be equal to 3,600 grains' measure

;

and the temperature of the mixture having fallen to 60° E., its specific gravity must

be determined in the usual way, and this reduced to pounds per barrel, by multiplying

the excess above 1,000 by 360, and dividing the product by 1,000. The whole of these

weights, added together, gives the original weight of the wort. Thus, for example,

we will suppose that 3,600 grains of a particular beer have given 1,300 grains of a

dilute alcohol, of specific gravity 0-9731, and consequently containing about 17i per

cent, by weight of alcohol
;
again, that the same quantity of beer, when tested by

ammonia, has indicated 30 grains of acetic acid ; and lastly, that the spent wash, when
filled up with distilled water to its primary bulk, has, at 60°, a specific gravity of

1-016 ; then the total alcohol would be in 360 grains, or the representative of a barrel,

22f grains, and the acetic acid in the same quantity, 3 grains : hence we have the

following results :

—

Gi-s. of sugar. Brewers' lbs.

Alcohol, 22| grains, equal to . . . 42'2 or 16.

Acetic acid, 3 grains ..... 5' „ 1-9

Spent wash, of specific gravity r016 . ... i,
5-76

Total weight . . 23-66

It might be thought that the propel? kind of sugar to select in this instance as the

representative of alcohol and acetic acid should be grape-sugar, whose atomic weight

is 180 ; but it has been shown by Dr. Ure that the kind of sugar actually employed

in the construction of our saccharometer tables must have been cane-sugar, the

atom of which is 171 ; and hence the reason why it must be employed in this cal-

culation.

Ale, Pale or Bitter ; brewed chiefly/ for the Indian market and for other tropical

countries.—It is a light beverage, with much aroma, and, in consequence of the regula-

tions regarding the malt-duty, is commonly brewed from a wort of specific gravity

I'Ooo or upwards; for no drawback is allowed by the Excise on the exportation of

beer brewed from worts of a lower gravity than 1-054. This impolitic interference

with the operations of trade compels the manufacturer of bitter beer to employ wort
of a much greater density than ho otherwise would do ; for beer made from wort of

the specific gravity 1-042 is not only bettor calculated to resist secondary fermentation

and the other effects of a hot climate, but is also more pleasant and salubrious to tho

consumer. Under present circumstances the law expects tho brewer of bitter beer t^o

obtain four barrels of marketable beer from every quarter of malt he uses, which is

just barely possible whoa tho best malt of a good barley year ia employed. With
Vol. I. Y .
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ZLTSmaffr^n™'^*^ ^^^^^ hops arc used; «o that, if wo assumo

So primo c^s? n 2'; ^"'^^ ^"'^ ^^"P** per lb., m-c shall have, forS Xcrn^^ 'l-'™^
bittor boor-in malt, lUs. in hop«. 8*. ; t<,gether, 23«.

;

bv t in iSo'
''^P'?^'tftion, wo must docluct tho drawback of 5*. por barrel allowed

oxnonl nf'^"' ] ^""Ss tlio primo cost dowu to 18s. per barrel, exclusive of tho

colllvLTR^''^^^'^''' '""^ '^"''^ apparatus, capital invested in barrels,coopoiago, &c which constitute altogether a very formidable outlay. As, however

bi f.. n/T ? f ^'""^ ^^'•^°1> thoro can be no doubt that the

t nn f"i ,

long boon, and still continues, an exceedingly profitable specula-tion though somowliat hazardous, from tho liability of the article to undergo decom-
position ore it finds a market.
Tho East Indian pale ale, or bitter beer, is now browed in largo quantities for thenomo market at Eurton-on-Trent, London, Glasgow, and Leeds, but differs slightlyirom that exported, as being loss bitter and more spirituous. It is browed solely from

tho best and palest malts and the finest and most delicate hop, and much of its success
aopends on tho care taken in selecting the best materials for its composition. It also
requires tho utmost care and attention at every stage of its progress to preserve the
colour, taste, and other properties of this alo in their fulness and purity.
Por further description of the browhouso and its appliances, with the various modes

oi operations, see tho article Brewing.
The English ale-drinkers were a few years since startledby a public report, apparently

well authenticated, that tho French chemists were largely engaged in preparing immense
quantities of that most deadly poison strychnine for tho purpose of drugging the pale
bittor alo, in such great vogue at present in Great Britain and its colonies. The follow-
ing are a few amongst many reasons which might be quoted, to show the absurdity of
this report:—!. Strychnine is an exceedingly costly article. 2. It has a most un-
pleasant metallic bittor taste. 3. It is a notorious poison, and its use in any brewery
being known would ruin the reputation of tho brewer. 4. It cannot bo introduced
into ordinary beer browed with hops, because it is entirely precipitated by infusions
of that wholesome and fragrant herb. In fact, the quercitannic acid of hops is in-
compatible with strychnia and all its kindred alkaloids. Hence hopped beer becomes
in this respect a sanitary beverage, refusing to take up a particle of strychnia and
other noxious drugs of like character. Were the nux vomica powder, from which
strychnia is extracted, even stealthily thrown into the mash-tun, its dangerous prin-
ciple would be all infallibly thrown down with the grounds in the subsequent boiling
with the hops.

The varieties of beer depend either upon the difference of their materials, or upon
a different management of the brewing processes. With regard to the materials, beers
differ in the proportion of their malt, hops, and water, and in the different kinds of
malt or other grain. To the class of ' table ' or ' small beers,' all those sorts may be
referred whose specific gravity does not exceed 1-025, which contain about 5 per
cent, of malt extract, or nearly 18 lbs. per barrel. Beers of middling strength may
be reckoned those between the density of 1-025 and 1-040, which contain, at the
average, 7 per cent., or 25 lbs. per barrel. The latter may be made with 400 quarters
of malt to 1,600 barrels of beer: stronger beers have a specific gravity of from
1-050 to 1 -080, and take from 450 to 750 quarters of malt to the same quantity of beer.

The strongest boor found in tho market is some of the English and Scotch ales, for

which from 18 to 27 quarters of malt are taken for 1,500 gallons of beer : good
porter requires from 16 to 18 quarters for that quantity. Boers are sometimes made
with the addition of other farinaceous matter to tho malt ; but when the latter con-

stitutes the main portion of the grain, the malting of the other kinds of corn becomes
unnecessary, for the diastase of the barley-malt changes tho starch into sugar during

tho mashing operation. Even with entirely raw grain, beer is made in some parts of

the Continent, the brewers trusting tho conversion of the starch into sugar to the

action of the gluten alone, at a low mashing temperature, on the principle of

Saussuro's and Kirchoff's researches.

The colour of the beer depends upon tho colour of tho malt and the duration of the

boil in the copper. Tho pale ale is made, as wo have stated, from steam- or sun-dried

malt and the young shoots of tho hop ; tho deep yellow ale from a mixture of pale-

yoUow and brown malt ; and the dark-brown beer from well-kilned and partly car-

bonised malt, mixed witli a good deal of tho pale to give body. The longer and

more strongly heated the malt has been in tho kiln, the less weight of extract, cateris

paribus, does it afford. In making tho fine mild ales, high temperatures ought to be

avoided, and the yeast ought to be skimmed off, or allowed to flow very readily from

its top, by means of tho cloansing-butt system, so that little ferment being loft in it to

decompose tho rest of tho sugar, tho sweetness may remain unimpaired. With regard

to portor, in certain breweries each of tho threo kinds of malt employed for it ia
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Beuaratelv maslied, after ^vliicli tho first and the half of the second wort boiled along

Sth the whole of the hops, and thonce cooled, and set to ferment m the .gylo-tun.

The third-dra^vn wort, ^vith tho remaining half of the second, is then boiled ynth.

the same hops, saved by the cbainer, and, after cooling, added to tho former m tho

evle-tun, Tvhen the two must be well roused together.
.

, ^ ^, . ,

It is obvious from the preceding development of principles, that all amylaceous and

saccharine materials, such as potatoes, beans, turnips, as weU as cane- and starch-

svrup, molasses, &c. may be used in brewing beer. When, however, a superior

auality of brown beer is desired, malted barley is indispensable, and even with these

substitutes a mixture of it is most advantageous. The washed roots of the common

carrot of the red and yellow beet, or of the potato, must be first boiled m water, and

then mashed into a pulp. This piUp must be mixed with water m the copper_ along

with wheaten- or oat-meal and the proper quantity of hops, then boiled during eight or

nine hours. This wort is to be cooled in the usual way, and fermented with the addi-

tion of yeast. A much better process is that now practised on a considerable scale

at Strasbourg, in making the ale for which that city is celebrated. The mashed

potatoes are mixed with from a twentieth to a tenth of their weight of finely-ground

barley-malt and some water. The mixture is exposed in a water-bath to a heat of

160° F. for four hours, whereby it passes into a saccharine state, and may then be

boiled -n-ith hops, cooled, and properly fermented into good beer.
_

i
. .

Maize, or Indian corn, has also been employed to make beer; but its malting is

somewhat difficult, on account of the rapidity and vigour with which its radicles and

plumula sprout forth. The p)roper mode of causing it to germinate is to cover it a

few inches deep with common soil, in a garden or field, and to leave it there till tho

bed is covered with green shoots of the plant. The corn must be then lifted, washed,

and exposed to the kiln.

The Board of Excise, or Inland Eevenue, having, a few years ago, been permitted

by the Legislature to grant leave to use sugar in the place of barley-malt in breweries,

an extensive sugar-merchant in London, hoping, under this boon, to acquire a new

and wealthy class of customers, employed Dr. Ure to ascertain by experiment the

relative values of malt and sugar for the manufacture of beer. Ten samples of

Muscovado sugar, of several qualities, were examined, and were found to vary

very slightly in the proportions of alcohol they could furnish by fermentation in a

brewer's tun, the average being 12 gallons of proof spirit for 112 lbs. of the

sugar ; whereas an equal quantity of proof spirit could be obtained from 4^ bushels

of malt. One pound of malt yields J lb. of extract capable of maldng as much
beer as that weight of sugar. On comparing the actual price of sugar and malt,

we shall see how ruinous a business it would be to use sugar instead of malt in

a brewery, and hence the delusiveness of the Excise generosity towards the beer

trade.

Although the object of the brewer is not the formation of a mere saccharine wort,

as we have already shown (and malt contains other substances necessary to the

formation of a sound beer), the amount of proof spirit producible from various sub-

stances will be some index to their relative value and it has been found that, with
proper management, a quarter of good malt, weighing 42 lbs. per bushel, or 336 lbs.

per quarter, mil yield 18 gallons of proof spirit ; a quarter of barley, weighing 65 lbs.

per bushel, or 440 lbs. per quarter, will yield from 18 to 20 gallons. An equal quan-
tity of spirit, say 18 gallons at proof, can be obtained from 175 lbs. of best West
India sugar ; from 234 lbs. of inferior Jamaica raw sugar ; from 276 lbs. of West
India molasses ; or from 296 lbs. of refined or sugar-house molasses. Bauerstock
gave the average of sugar 200 lbs., and of honey 226 lbs., as equivalent to a quarter
of malt*

Ropiness is a morbid state of beer, which is best remedied, according to Mr. Black,
by putting the beer into a vat with a false bottom, and adding, per baiTol, 4 or 5
pounds of hops, taken away after the first boilings of the worts ; and to them may bo
added about half a pound j)er barrel of mustard-seed. Eouse the beer as the hops are
gradually introduced, and, in some months, the ropiness will be perfectly cured. The
beer should be drawn off from below the false bottom.

For theoretical views, see Fermentation; and for wort-cooling apparatus, fleo

Refeigeratoh.
BEER, BAVARIAN. {Baicrisches Bier, Gor.) The Germans from time imme*

morial have been habitually beer-drinkers, and have exercised much of their technical
and scientific skill in tho production of beer of many different kinds, some of which
are little known to our nation, while one at least, called Bavarian, possesses excel"
lent qualities, entitling ittotho attention of all brewers and consumers of tliisbeverage.
The peculiarities in the manufactiu'o of Bavarian boor soino time ago attracted tiio
attention of tho most eminent chemists in Germany, especially of tho lato Professor
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Liobig, and much now light -was thereby thrown upon this curious portion of vegetable
chemistry.

The following is a list of tho principal boors brewed in Germany :

—

1. Brown beer of Mersoburg ; of puro barley malt.

2. „ „ „ and beet-root sugar.

3. „ barley malt, potatoes, and boot-root syrup.

4. „ refined bcct-root syrup alone.

6. Covont or thin beer.

6. Berlin white beer, or the champagne of the north.

7. Broyhan, a famous Hanoverian beer.

8. Double boor of Griinthal.

9. Bavarian beer : 1. Summer beer; 2. Winter beer.

10. „ Bock beer.

11. wheat Lager-heov (slowly fermented).

12. Wliite bitter beer of Erlangen.

Considerable interest among men of science, in favour of tho Bavarian boer process,

has been excited ever since the appearance of ' Liebig's Organic Chemistry.' In the

introduction to this admirable work, he says, ' The beers of England and France, and

for the most part those of Germany, become gradually sour by contact of air. This

defect does not belong to the beers of Bavaria, which may be preserved at pleasure in

half-full casks, as well as full ones, without alteration in the air. This precious

quality must be ascribed to a peculiar process employed for fermenting tho wort,

called in German TJntcrgdhrung, or fermentation from below ; which has solved one of

the finest theoretical problems.
' Wort is proportionally richer in soluble gluten than in sugar. When it is set to

ferment by the ordinary process, it evolves a large quantity of yeast, in the state of

a thick froth, with bubbles of carbonic acid gas attached to it, whereby it is floated to

the surface of the liquid. The phenomenon is easily explained. In the body of the

wort, alongside of-particles of sugar decomposing, there are particles of gluten being

oxidised at the same time, and enveloping, as it were, the former particles, whence

the carbonic acid of the sugar and the insoluble ferment from the gluten being simul-

taneously produced, should mutually adhere. When the metamorphosis of the sugar

is completed, there remains still a large quantity of gluten dissolved in the fermented

liquor, which gluten, in virtue of its tendency to appropriate oxygen, and to get

decomposed, induces also the transformation of the alcohol into acetic acid (vinegar).

But were all the matters susceptible of oxidisement as well as this vinegar fement

removed, the beer would thereby lose its faculty of becoming sour. These conditions

are duly fulfilled in the process followed in Bavaria.

'In that country the malt-wort is set to ferment in open backs, with an extensive

surface, and placed in cool cellars, having an atmospheric temperature not exceeding

8° or 10° C. (46|^° or 50° F.) The operation lasts from three to four weeks ; the car-

bonic acid is disengaged ; not in large bubbles that burst on the surface of the liquid,

biit in very small vesicles, like those of a mineral water, or of a liquor saturated

with carbonic acid, when the pressure is removed. The surface of the fermenting

wort is always in contact with the oxygen of the atmosphere, as it is hardly covered

with froth, and as all the yeast is deposited at the bottom of the back, under the form

of a very viscid sediment, called in German Untcrhefe.

' In order to form an exact idea of the difierence between tho processes of fer-

mentation, it must be borne in mind that the metamorphosis of gluten, and of azotised

bodies in general, is accomplished successively in two principal periods, and that it is

in the firfit that tho gluten is transformed in the interior of the liquid into an insoluble

ferment, and that it separates alongside of the carbonic acid proceeding from the

sugar. Tliis separation is the consequence of an absorption of oxygen. It is, how-

ever hardly possible to decide if this oxygen comes from the sugar, from the water,

or oven from an intestine change of the gluten itself; or, in other words, whether the

oxygon combines directly with the gluten, to give it a higher degree of oxidation, or

whether it lays hold of its hydrogen to form water.

' This oxidation of the gluten, from whichever cause, and the transformation ot tno

sugar into carbonic acid and alcohol, are two actions so correlated, that by an exdu-

Bion of tho one, the other is immediately stopped,'
„ j. ,

The sjcperficial ferment {Oberhefe in German) which covers the siirface of the fer-

menting works, is gluten oxidised in a state of putrefaction; and tho ferment of de-

posit ifi tho gluten oxidised in a state of crcmacausis, or slow combustion.

Tho surface yeast, or barm, oxcitos in liquids cont^iimng sugar and gluten the

same alteration which itself is undergoing, whereby tho sugar and tlie gluten suftor

a rapid and tumultuous metamorphosis. Wo may form an exact idea of the diflfcrent
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,^te. of these t.o ^nd« of ^^l^^^T^'^ "SJ'S^
ptrefying attho b^^^^^^^^ K p condition of the elements of the sedment

In a state of
"^^"^"^''"f,*- ^ the elements of the sugar in an extremely slow

'Z^ r:L&l^ralg^^^^^^^^^ -^oni. acid,^thout affecting the

Blow fermentation is produced, ^^^^ on^B accom]^^^
Ihe backs. If this deposit be

^hile yeast collects ^^^h at the surfac^^^^^^^
bac^^^^^^^

^^^^^

removed to^nake use of at
^^^^^^^J'^^t^S^of ^ the phenomena of the first

racters of the Unterhefe, and becomes incapaWe^o^^^^^^^
sedimentary

theUSws the feTcondition essential to the metamorphosis of the .ac.to
hut it fnot competent to bring about the oxidation of the gluten dissolved m the

wt'^ndts Sfomation ifto an insoluble state. This change must.be accom-

plished at the cost of the atmospherical oxygen.
^ £ the tendency of soluble gluten to absorb oxygen and in the

• ^^^^^^^^^^^^

air all the conditions necessary for its eremacamis are to be found It is known that

?he' presence of oxygen and soluble gluten are also the
_

conditions of acetification

MnSar-mlngffi they are not the only ones; for this process requires a em-

PaSeS a certain elevltion for the alcohol to experience this

^^-^J^^^^^^'
Hence by excluding that temperature, the combustion (oxidation) of alcohol is ob-

Scted,Vhile thelluten alone combines with the oxygen of the air. Th^s proper^^

does not belong to alcohol at a low temperature, so that during the oxidation m this

case of the gluten, the alcohol exists alongside of it, in the same condition f
the gluten

alongside of sulphurous acid in the muted wines. In wines not impregnated with the

fumes of burning sulphur, the oxygen which would have combined at the same time

with the gluten and the alcohol does not seize either of them in wines which have

been subfected to mutism, but it unites itself to the sulphurous acid to convert it into

the sulphuric. The action called sedimentary/ fermentation is therefore merely a

simultaneous metamorphosis of putrefaction and slow combustion ;
the sugar and the

Unterhefe putrefy, and the soluble gluten gets oxidised, not at the expense of the

oxygen of the water and the sugar, but of the oxygen of the air, and the gluten then

falls in the insoluble state. The process ofAppert for the preservation of provisions is

founded upon the same principle as the Bavarian process of fermentation,m which all

the putrescible matters are separated by the intervention of the air at a temperature

too low for the alcohol to become oxidised. By removing them m this way, the

tendency of the beer to grow sour, or to suffer a fui-ther change, is prevented.

Appert's method consists in placing, in presence of vegetables or meat which we wish

to preserve, the oxygen at a high temperature, so as to produce slow combustion, but

without putrefaction or even fermentation. By removing the residuary oxygen after

the combustion is finished, all the causes of an ulterior change are removed. In the

sedimentary fermentation of beer, we remove the matter which experiences the com-

bustion ; whereas, on the contrary, in the method of Appert, we remove that which

produces it.
i i • a

The temperature at which fermentation is carried on has a very marked intiuence

upon the quantity of alcohol produced. It is known that the juice of beets set to

ferment between 86° and 95° F., does not yield alcohol, and its sugar is replaced by a

less oxygenated substance, mannite, and lactic acid, resulting from the_ mucilage. In

proportion as the temperature is lowered the mannite fermentation diminishes. Aa

to azotised juices, however, it is hardly possible to define the conditions under which

the transformation of the sugar will tako place, without being accompanied with

another decomposition which modifies its products. The fermentation of beer by

(Zeposjj; demonstrates that by the simultaneous action of the oxygen of the air and

a low temperature, the metamorphosis of sugar is effected in a complete manner

;

for the vessels in which the operation is carried on are so disposed that the oxygen

of the air may act upon a surface groat enough to transform all the gluten into

insoluble yoast, and thus to present to the sugar a matter constantly un(^ergoing do-
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CompoBition,_ Tho oxidisomont of tlio dissolved gluten goes on, hxit that of the alcohol

vinogrr
* tomporaturo, whonco it cannot suffer acotiflcation, or conversion into

In several States of Germany tlio favourable influence of a rational process offermentation upon tho quality of the beers has been fully recognised. In thotrrand Ducliy of Hesse considerable premiums "were proposed for tlio brcMing ofbeer according to tho process pursued in Bavaria, which were decreed to those Ijrowors
Avho were able to prove that their product (neither strong nor highly hopped) had
kept six months in the casks without becoming at all sour. "When tho first trials
were being made, several thousand barrels were being spoiled, till eventually cxperi-
onco led to tho discovery of the true practical conditions which theory had foreseen
and prescribed.

Neither tho richness in alcohol, nor in hops, nor both combined, can hinder ordi-
nary beer from getting tart. In England, says Liebig, an immense capital is sacri-
ficed to preserve the bettor sorts of ale and porter from souring, by leaving them for
several years in enormous tuns quite full, and very well closed, while their tops are
covered with sand. This treatment is identical with that applied to wines to make
them deposit the wine-stone. A slight transpiration of air goes on in this case
through the pores of the wood ; but the quantity of azotised matter contained in the
beer is so great, relatively to the proportion of oxygen admitted, that this element
cannot act upon the alcohol. And yet the beer thus managed will not keep sweet
more than two months in smaller casks, to which air has access. The grand secret of
the Munich brewers is to conduct the fermentation of the wort at too low a tempera-
ture to permit of the acetification of the alcohol, and to cause all the azotised matters
to be completely separated by the intervention of the oxygen of the air, and not by
the sacrifice of the sugar. It is only in March and October that the good store beer
is begun to be made in Bavaria.

The following Table exhibits the results of the chemical examination of the under-
mentioned kinds of Beer :

—

Name of the Beer
Quantity in 100 parts by weight

Analyst

Water Malt extr. Alcohol Carb. acid

Augustine double beer—Mu-
nich 88-36 8-0 3-6 0-14 Kaiser.

Salvator beer—do. 87-62 8-0 4-2 0-18 Do.
Bock beer from the Eoyal
Brewery—do. 88-64 7-2 4-0 0-16 Do.

Schenk (pot) beer, from a Ba-
varian country brewery; a
kind of small beer 92-94 4-0 2-9 0-16 Do.

Bock beer, of Brunswick, of

the Bavarian kind 88-50 6-50 5-0 Balhorn.

Lager (store) beer, of Bruns-

wick, of the Bavarian kind. 91-0 5-4 3-50 Otto.

Brunswick sweet small beer . 84-70 14-0 1-30 Do.

Brunswick mum . 59-2 39-0 1-80 0-1 Kaiser,

Malting in Munich.—The barley is steeped till the acrospire, embryo, or seed-germ

seems to be quickened, a circumstance denoted by a swelling at that end of the grain

which was attached to the foot-stalk, as also when, on pressing a pile between two

fingers against the thumb-nail, a slight projection of the embryo is perceptible. As

long, however, as the seed-germ sticks too firm to the husk, it has not been steeped

enough for exposure on the under-ground malt-floor. Nor can deficient steeping be

safely made up for afterwards by sprinkling the malt-couch with a watering-can,

which is apt to render the malting irregular. The steep-water should be changed re-

peatedly, according to the degree of foulness and hardness of the barley : first, six

hours after immersion, having previously stirred the whole mass several times : after-

wards, in winter every 24 hours, but in summer every 12 hours. It loses none of its

substance in this way, whatever vulgar prejudice may think to the contrarj-. After

letting off the last water from the stone cistern, the Bavarians leave the barley to

drain in it during 4 or 6 hours. It is now taken out, and laid on tho couch floor

in a square heap, 8 or 10 inches high, and it is turned over, morning and evening,

•with dexterity, so as to throw the middle portion upon tho top and bottom of the now-

made couch. When the acrospire has become as long as tho grain itself, the malt is
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.t. •jj.*^.^/. ( w^Jl'hn^MA or drvinff floor, in the opon air, wliere it is exposed
carried to the mihmng

(^fj^f,7 ^^^^^ daily turned over three times with
(in dry

^^^'^'^l^^^l M^^^^^^
flue-heated malt-

a_T^nno^^^gshovol Itj ne^d^^^^^
slightest degree, while it

kiln, at a gentle clear heat, ^tlioiit ^ei^
.

^ ^.^jected by the best
turns into ^ fine friable white mcaL S^^^^ 4e horizontal shelves,
Bavarian brewers. Their malt

^^,f"f^;^^,Scgs orperforations, streams of air,

placed over each other, ^? 1™;;!^^^^°^^^^^ sheet-iron pipe-flues,

heated to only 122° P., rise from surtaces « ^^^^ ^ ^^^^^^
arranged a little way below the shelve

J
I^^^^^ %S whole is enclosed in a vaulted

"^Trm^lttrstTet:^^^^^^^^^ three -nths ^t least before using ^.^d

be freed by rubbing and sifting from the acrospires
^Tl iTh^err^i.SoTor

where it should be crushed pretty flne. The barley employed is the best dzsttc/mi or

common kind, styled Hordeum vidgare.
. ^ . „ ^^alter or

The hops are of the best and freshest growth of Bavana, called the fine spMer, Qr

salts rZ^L townhops, and are twice as dear as the best ordinary hops of the rest

of Germany. They are in such esteem as to be exported even into Prance.

In Munid^themalt is moistened slightly 12 or 16 hours ^^eforefusMng
^^^^^

from two to tloree Maas^ of water for every bushel, the malt being well dxied and

sev?ra7months old. The mash-tun into which the malt is immediately conveyed is, an

rddle-sTze^^^^^^^^^ a round oaken tub, about H feet
^^-P' ft - d^^

bottom and 9 at top, outside measure, containing about 6,000 ff ^l^^^S; Into tins

tun cold water is admitted late in the evemng, to the amount of 25 l^^^^^/^?^

schejfel, or 600 quarts for the 26 scheffels of the ground malt,

and stirred about, and worked well about with the oars and ^^l^^^' ^^^^^

is formed without lumps. It is left thus for three or four hoitts ;
3,000 quarts of water

being put into the copper and made to boil; and 1,800 quarts are gradually nin down

into the mash-tun and worked about in it, producing a mean ure ofm
After an hour's interval, during which the copper has been kept full, 1,800 additional

quarts of water are run into the tun, with suitable mashing. The copper being now

emptied of water, the mash-mixture from the tun is transferred to it, and brought

quickly to the boiUng point, with careful stirring to prevent its settling on bottom

and getting burned, tnd it is kept at that temperature for half an hour. When

mash rises by the ebullition, it needs no more stirring. This process is caUed m Ba-

varia, boiling the thick mash, dichneisch Kochen. The mash is next returned to the

tun, and well worked about in it. A few barrels of a thin mash-wort are kept ready

to be put into the copper the moment it is emptied of the thick mash. After a quarter

of an hour's repose the portion of liquid filtered through the sieve part of the bottom

of the tun into the wort-cistern is put into the copper, thrown back boiling hot into

the mash in the tun, which is once more worked thoroughly.
_

•, ^ , -i ^ xi.

The copper is next cleared out, filled up with water, which is made to boil tor tne

after, or small-beer, brewing. After two hours' settling in the open tun, the worts are

drawn off clear.
, , • 3 a a

Into the copper, filled up one foot high with the wort, the hops are introduced, and

the mixture is made to boil during a quarter of an hour. This is called Roasting the

hops. The rest of the wort is now put into the copper, and boiled along with the hops

during at least an hour or an hour and a half. The mixture is then laded out through

the hop-filter into the cooling cistern, where it stands three or four inches deep, and

is exposed upon an extensive surface to natural or artificial currents of cold air, so as

to be quickly cooled. For every 20 barrels of Lagerhier there are allowed 10 of small

beer ; so that 30 barrels of wort are made in all.
o-n •

4.1,

Eor the winter or pot-beer the worts are brought down to about 59°!'. m the cooler,

and the beer is to be transferred to the fermenting tuns at from 54'5° to 59 P.
;
for

the summer or Lagerbier, the worts must bo brought down in the cooler to from 43 to

45i°, and put into the fermenting tuns at from 41° to 43° F.
0 , o -n

A few hours beforehand, while the wort is still at the temperature^ of 63^° a

quantity of lobb must be made, called Vorstdlen (^fore-setting) in German, by mixing

the proportion of TJnterhefe (yeast) intended for the whole brewing with a barrel or a

barrel and a half of the worts, in a small tub called the G'dhr-ticne, stirring them well

together, so that they may immediately run into fermentation. This lohb is in this

stage to' bo added to the worts. The lobb is known to be ready when it is covered

A Bavarian rmas=ll quarts English measure.
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ovou in tho 1 Tl,n 1 ^f,
fomonting tun must m liko manner bo kept covered

quantity, at
^"•^^'^ ^^^^^^^ ^"^'l- l-'or tho ab^vo

''rSot^o%1o^
.. 48° to 60° . ! ' 10

"

., 41° to 43° . . ."12

bo?«rifHf
that wt for this kind of fermentation (tho Untergdhrung) shouldbo sot wtli tho yeast at from 48° to 57°

; but tho general practice at Munich isthe summer or Lcycrbier at from 41° to 43° P.
P^acuce at munich is to set

Ey folloAving the preceding directions, the wort in the tun should, in tho course offrom 12 to 24 houi^, exhibit a white froth round the rim, and even a slight Snoss
n 'r'^'^ ^2 *° 24 hours, the froth should appear in cuTls and
^ a third like period, these curls should be changed into a still hi|L frothy browihmass. In from 24 to 48 hours more, the barm should Imve fallL domi in pSnsthrough the beer, so as to allow it to be seen in certain points. In thisTase itCvSturned over into the smaller ripening tuns in the course of otherTve or xTysBut when the worts have been set to ferment at from 41° to 43° F., they require fromeight to mno days. The beer as transferred, after being freed from the top yeastS askimmer,_by means of the stopcock near the bottom of the large tun. K either

ZVT ^^^^ *^°P ^°ttom portions maybewell m xed or mto each of the Lager casks, in a numbered series, like quantities of the

?n? h«l ^Ti ff ^^^roduced. In tho ripening cellars the temperature can-not be too low. The best keeping beer can never be brewed unless the temperature ofthe worts at setting, and of course the fermenting vault, be as low as 50° F In
Bavaria, where this manufacture is carried onunder Government inspectors, a brewing

^''''°ron!i?^^®"'f V o'
^^""^ under-fermenting Lagerhier, fromMcha^mas (29th September) to St. George (23rd April). From the latter to the former period

the ordinary top-barm beer alone is to be made. The ripening casks must not be
quite full, and they are to be closed merely with a loose bung, in order to allow of the
working over ot the ferment. But should the fermentation appear too languid, after
SIX or eigJit days, a little briskly fermenting Lagcrbier may be introduced. The store
Lagerbier tnns a,re not to be quite filled, so as to prevent all the yeasty particles from
being dischargedm the ripening fermentation ; but the pot Lagcrbier tuns must be made
quite full, as this beverage is intended for speedy sale within a few weeks of its being
made. °

^
As soon as the summer-beer vaults are charged with their ripening casks and with

ice-cold air, they are closed air-tight with triple doors, having smaU intervals between,
so that one may bo entered and shut again before the next is opened. These vaults
are sometimes made in ranges radiating from a centre, and at others in rooms set off
at right angles to a main gallery, so that in either case, when the external opening is
well secured with triple air-tight doors, it may be entered at any time, in order to in-
spect the interior without the admission of warm air to the beer-barrels. The wooden
bungs for loosely stopping them must be coated with the proper iDitch, to prevent tho
possibility of their imparting any acetous ferment.
The Government has taken great pains to improve this national beverage, by en-

couraging the growth of the best qualities of hops and barley. The vaults in which
the beer is fermented, ripened, and kept, are all under ground, and mostly in stony
excavations called Felsenkeller, or rock-ceUars. The beer is divided into two sorts,

called summer and winter. The latter is light, and, being intended for immediate retail

in tankards, is termed SchenJcbier. The other, or the Lagcrbier, very sensibly increases
in vinous strength in proportion as it decreases in sweetness, by the judicious manage-
ment of the Naclig'dhrung, or fermentation in the casks. In several parts of Germany
a keeping quality is communicated to boors by burning sulphur in the casks before
filling them, or by tho introduction of sulphite of lime ; but the flavour thus imparted
is disliked in Munich, Bayreuth, Eegensburg, Niirnberg, Hof, and the other chief

towns of Bavaria, instead of which a preservative virtue is sought for in an aromatic
mineral, or Tyrol pitch, with which tlic inside of the casks are carefully coated, and
in which tho ripe beer is kept and exported. In December and January, after the

casks are charged with the summer or store beer, the double doors of the collars aro

closed, and lumps of ice aro piled tip against them, to prevent all access of warm air.

The cellar is not opened till next August, in order to take out tho beer for consiunp-
tion. In these circumstances the beer becomes transparent like champagne wine ; and,
since but little carbonic acid gas has been disengaged, little or none of tho additionally

generated alcohol is lost by evaporation.
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T. 1 ^^nfN hflflr is brewed in the months of October, Novombor,

The winter or schenk ) ^'^^^V^^^ in December, January, and Feb-

March. and Ap^l ;
the «er^ o^^^^^^^

^^^^^^ 1^,,,^ the hopped woi:ts

ruary, or tlie penod of the
'^^l^.^f, 7"^"'°'^nt for the latter to from 41° to 421° p.

arc Soled down only to
^'Zu^^dU]S:n tiSsummev \^eev, being intended to be

The winter beer IS
^^^^^Xt' (Mn^^ of fine, dry, sifted malt, of

sooner consumed; since four bu&ie s {tievim /
^^^^^ ^^^^^

lar..e heavy ^orcZ^m^^a^^^^ ,,,ond infusion of

Se than^from five
^-\%^^^J''ll'l^^ the above quantity of

the worts small beer is o^^a ?ed to the am^^^^^^ ot g. ^ ^^^^^^^^^^

malt. For the above ^^^^^ity of winter Jeer, b ids
g^^^ l̂iops. The winter

sufficient ;
but for

'^^^^^^^Snf^n^^^^^^ five days after the Lmentation has

beer may be sent out to the pubi cans in oar
/ear, it will become so in the

been completed in the tuns, and, though not quite cie
, ^^^^^

coui-se of six days; 7^\'^'y S^^fX^SI^^t^
weeks ; but the summer beer must be pertectiy Dii^^nt a

into casks for sale,
m,-„ „ fwrmrite double-strong beverage of the best

Bock Beer of Bavaria.-This ib a
^'^^^'^Jl itrconsumers to prance and tumble

lager description which is so ^«^ X™s bo?h these meanings,

about like a buck or a goat;-for the German wot^^
^^^^^^^^.^ ^^^^

It is merely a beer having a specific g^^^ty^^^S,^
tiie^^,^^ proportion of hops, and

with a third greater P^9P°^tion of malt bnt mtn
1^^^^^ ^^^^^ ^^^^

flavoured with a few coriander
.

,|\^^^'s les^^^^^ on account of the pre-

general Lagerbier, occasionally ^rownish tastes lessJitt^^^^^^

iminating malt and is somewhat ar^^^^^^^
l^^^ ^

It is brewed in December and January
^^J^^^^f^^Vod saccharine matter and dextrine

but still it contains to^^^^^^^^ drunk only from

LTcS:? ring fw|fineV^^^^^^^^^^
SottrbreSf(In rom?™ other such articles

belong sand, bone-DiacK ."""^ ,
' , .

^ g^^cl^ matters as exist

r^-ruri^tS^?^e^=--^
or soS beer i almost the sole clarifier, called finings, employed. It is costly

whenThe best article is used; but an inferior Idnd of isinglass is imported for the

^The'solvent or medium through or with which it is administered is eminently inju-

dicious aJit new fails to infect the beer with an acetous ferment In Germany the r

£r^;rhas blen used hitherto for dissolving the isinglass; and this has also the

Sme™ property Zimmermann professes to have discovered an unexception-

Srsolvent in tartaric acid, one pound of which dissolved m 24 quarts of water is

liable of^^^^^^^^
pounds of ordinary isinglass ;

forming fimngs which may

KSr^irl dUuted with pm:e water at pleasure. Such isinglass imported from

Petersb" g
^^^^^^^ costs^here only 3s. per lb. These finings are l^^s added, as

abeadv mentioned, to the worts prior to fermentation, as soon as they are let into tlie

sS-b^r or tun, immediatel/after adding the yeast to it. They are bestadmini -

te edWxing them in a small tub with thrico their volume of wort, raising the

mixture iXTfroth with a whisk {twig-besom in German), and then stirring it into

?he worts T^^^^^^^^^
^'^'^om^^ ^^"^^''^ ''''''''

^ ^7 ""^'l
ihe Trmentation is completed, the beer will be as brilliant as can be wished

;
the test

of whichS the German topers is when they can read a newspaper while a tall glass

beler ofTeer is placed between the paper and the candle. One quart of finings of

the above strerAh will be generally found adequate to the clearing of 100 gallons of

tlllewc^ITa^^^^^ thmigh it 4iM be surer to use double that proportion of finings.

The Sageen moss, as finings, is to bo cut in fine shreds, thi-own into the boihug

• An VnirliBh auarter of grain is equal to 5 bushels {scheffel) and ne^ly one-third Prussian measure.

' fEtaefPrr?^=llfEngli«h Lpcrial gallons ?

IX-rOstnfSlds^
'

1 Lib. Mvuiicb=l-230 EngUsh pounde avoird. ; 1 Lib. Berlin=l 031 pounds avoird.
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tt\S&^^^^^^^^^^^^ adding the hop«
; after which

ing with tliis kind of fininirs tiS i i T "'^'^ '^larify-

dra^vn off into the fonnonUng back
''"^ ^ """P^^ '"'^y ^«

tool-
;
and that it op ral nofon^? n n TfT "f-^*^

^5 gallons of

the proper yoast may notbSLd wiK T 'J ''.f"
^hat

first -with water at Q-^o V ^„
"oi-woon rouers. iHis mixture js worked up

^vhieh pasty m xulo 70 Qui^^^^^^^^^^ 5 ''^'^"^ «f tl^° to

mashed in After? has beonl^^^^^^^^

are forthwith added, and the whole is

liquor is drawn off by the taif H-w ^ J '.I"" '° * P^^-^io^ the thin

rnd'tr-Xr^tdy^ °f yoast or ordinary barm,

by^r^XfSktiJ^Pv^?'?;''
b^g^^U.^^Bhed are to be rubbed down to a pulpt^y such a giating cybnder machine as is represented in fig. 102, where a is thS

102

hopper for receiving the roots (whether potato or beet, as in the French sugax
lactones)

;
b is the crushing and grinding drum

; c, the handle for turning the spur-
wlioel d, which drives the pinion e, and the fly-wheel /,• g, h, is the frame. The
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1, ^„ ^ nrn tJiB colander through which tho pulp passes. For every

Sjf^/rpotoS 80 qu?rL arc t be put with them into the copper, and

made to boil.
i. „jf i o ^^i/>-fFfi7o \a to bo -well -worked about in the mash-

svisxns-'—^^^^
The potatoes having

^^^^^^^^^f ^^^^^ •Jo ?he copper and th; mixture in it is

156° F. all the time, in order
^l^j^ transformation is made

j™, the fi"
«£,'^;-»<'^'SZt *the^^^^^^^^ tho cop^r are ,» be trans-

Tan mairwort, from its containing a smaller proportion of gluten relatively to that

°^rTS"f good mealy potatoes affords from 26 to 27h lbs of thick well-boiled

svmp oAte density S 36° Baum6 (see Abeometeb) ;
and 26 lbs. of such ^Fup^^^e

.Went to a sche}el of malt in saccharine strength.
_

Zimmermann hinks beer so

S^ed from potatoes quite equal, at least, if not superior, to pure malt beer, both m
appearance and quality.

. „ , r,

Fiff. 103 is the stopcock used in Bavaria for bottling beer,

103

The following analyses of German beers are by Leo

;

lichtenhain
Upper
Weimar

Ilmenau Jeua Double Jena

Alcohol .

Albumen .

Extract .

Water

3- 168
0-048

4-485
92-299

2-567

0-020

7-316

90-097

3-096

0-079

7-072

89-753

3-018

0-045

6-144

90-793

2-080

0-028

7-153

90-739

100-000 100-000 100-000 100-000 100-000

Under tho terra ' extract,' in these analyses, is meant a mixture of starch, sugar, dex-

trine, lactic acid, various salts, certain extractive and aromatic parts of the hop, gluten,

and fatty matter.
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deScffnS\fr.f''^°'f^-° «P^"°^« l^itters in beor is applicable to the

SnSriiS .
'^^^'"tlnn, monyauthin. quaBsiu, and colocyntWn. Tho bitt^puuciploB Ijkoly to occur in beor may Lo divided into two classes :—

I. Phkcipitable by Acetate op Lead.

noUn
""'^ Prccipitablo by tannin. It is soluble iu alcohol and ether, but

II«

—

Not PBECIPITATED BY ACETATE OF LeAD.

With tannin, after removal of lead by moans of sulphuretted hydrogen.
a. Not precipitated by tannin

:

PiCT-otoOTW.—Soluble in water, alcohol, arid ether.
Soluble in alcohol and ctlior, not in water.

0. Precipitated by tannin :

iVfe«ya«<AiM.—Sparingly soluble in other and cold water; easily iu hot wateriurns brown and then violet with strong sulphuric acid
(2«assm -Sparingly soluble in ether; soluble in 222 parts of cold water-not coloured by sulphuric acid.

'

(7o/oe^«^Am.—Insoluble in ether ; soluble in cold water. Turns first red and
tlien brown with strong sulphuric acid.

The quantities needful for examination are six litres of Bavarian or bitter beer orfour of porter. Tins may seem excessive, but it must bo remembered that a verysmall quantity of the above-mentioned drugs will impart a strong bitter taste to alarge volume of liquid; and, again, that the hop is never entirely omitted, since ite
peculiar efficacy in preventing spurious or secondary fermentation appears to be
possessed by no otlier bitter. The beor in question is to bo evaporated down, firstover the naked fire, and afterwards on the water-bath. Great care must bo taken
that It does not dry or burn on the sides of the vessel, or bitter principles may bogenerated which mask the reactions to be sought for. The thick mass is well
treated with alcohol in a tall beaker. At the bottom will be found a thick jmmmy
mass, and a somewhat turbid stratum of liquor over it: this is set aside to become
clear; it is then poui-ed off and the alcohol distilled off; the residue is concentrated to
a syrup and cbssolved in alcoliol. The solution is mixed with ten times its bulk of
ether which prmpitates sugar ; when clear, the liquid is decanted from the sediment
and chstilled. The residue is dissolved in warm water and a portion of it tester' with
tannin. A pure well-hopped beer never gives a clear aqueous solution; a beor con-
fining little of the hop may ; if the solution does not clear up add a trace of alcohol
iiesides lupidin, absinthin is insoluble in TOter. Filter off the resinous matter which
may have been deposited, then precipitate the warm filtrate with acetate of load, which
must not be too acid

; lupuUn is then thi-own down. Excess of lead must be carefully
avoided, or menyanthin may fall down also : allow it to settle, filter, and wash the
precipitate with hot water.

Filtrate.—Tve&t vtdth sulphuretted hydrogen till all the lead is precipitated;
filter and wash, first with warm water and then with alcohol ; remove sulphuretted
hydrogen and free acetic acid by evaporation almost to dryness. If the residue is
free from bitterness no adulteration is present ; absinthin never gives a clear aqueous
solution, and menyanthin never a clear cold one. A turbid solution may contain all
the spurious bitters ; add a little alcohol till the solution becomes clear, and then
tannin.

1. The precipitate formed is dried up along with hydrated oxide of lead suspended
in water, and extracted with boiling spirit. In the residue of this extract colocynthin,
menyanthin, and quassin are separated by means of their behaviour with ether and
water.

2. The precipitate is freed from tannin by means of acetate of lead, the precipitate
filtered off, the lead removed by means of sulphuretted hydrogen and evaporated.
Picrotoxin separates out in crystals ; absinthin remains as a yellow mass.
Levin Ender recommends the foUoAving procedure :

—

1 . Precipitate with acetate of lead.

Lupulin.—It gives no mirror with ammoniacal solution of silver.

2. Not precipitated by acetate of lead, but by tannin.
A, Soluble in ether : Absinthin. GiA^es a mirror Avith the silver solution.

B. Sparingly soluble in ether. Menyanthin; Quassin. The former gives a
mirror ; the latter not.

Picrotoxin, absinthin, menyanthin, odocynthin, reduce solution of silver
; lupulin

and quassia do not.
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Peer and Ale.—Exports.
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Countries to which exported
1871

1872

To Eussia
Germany
Belgium

„ France

„ China
Japan

„ United States:—

Atlantic .

Pacific

Foreign "West Indies

„ Peru .

„ Chili . .
•

„ Brazil .

.,
Uruguay . •

.

Argentine Confederation
',' Channel Islands .

.. Gibraltar

Malta . •
.

British Possessions in

Africa

,
British India :

—

Bombay and Scindo

Madras
Bengal

,
Straits'-Settlcments

,
Ceylon

„ Hong Kong .

„ Australia . •
,

„ British North Amenca

!, British AVest India

and British Guiana

„ Other Countries

Total

South

Islands

Barrels

4,253

6,168
3,7U
10.152

4,209

2,421

29,446

6,956

16,080

11,965

7,107

13,267

2,388

5,342

8,531

11.432

6,742

15,669

69,264

24,354

66,365

3,287

8,689

7,417

80,511

11,941

28,013

28,537

&
16,131

18,613

13,432

34,149

21,472

12,454

147,010
34,185

82,503

63,998

35,223

71,903

12,447

26,846

25,327

38,198

22,162

64,777

165,929

69,050

214,574
13,133

30,199

28,717
324,021

50,542

106,243

110,505

Barrels

}
44,360 223,579

1
167,597 622,593

88,184 369,701

483,120 1,853,733

27,199

194,616

621,956

102,491

876,219

2,084,583

Beer and Ale.—Imports in 1872.

Countries whence imported Quantities Value
Entered lor

Home Con-
sumption

Gross
Amonnt
received

iJfMwi—From all Countries

Barrels

2

£
6

Barrels

2

A
2

Spruce—Fvom. Germany .

„ Other Countries .

Total

1,813

7

14,688
30

1,820 14,718 1,720 2,062

Other sorts—'From Germany

„ Belgium .

„ Other Countries

1 Total

326

841

1,277

1 1,349

2,853

3,303

2,444 7,505 2,435 1,088

BESR-BTONE. A peculiar stone, composed cliiefly of carbonate of lime, which

SsSa^wrx '''ThfsS m^^^^^^^ the cells of the honeycomb, secreted,

according to Huber, by an organ situated in the abdomen of the boe. See Wax.



BEET.ROOT
SEETI.B.

cmll, to u,«„ ofa"S c„T„„y ^r.^ ''°
T^'; °' *° Coleoptas order, mm.

to noai-ly 40 000 Th„ .
™ "P"™" »' Colooptorous in.cct. known amount

l»rva of cZi.Ii"/""'''-™''''"' " W>«lorm8-f«o», aro n.ed modicimliy Th»
Indian, oatSt^^.fjV ''^ »' " The Am»ri"n
insect, 21 °nf rtW kftiw ^1"'™-

T"*" "PP""^ «» *» '""'S
cockroach, and if^ift™^.^^^^^^^^ they aro the J

Other, the Fi^^^flrts, distinguished by its long fleshy root Thn vnrJpL^fTtl •

known as the ...^_^..Us Such cul{[vated in our'gLLs^a^^^^

Z svZ " ""'^ ^° Belgium and F?ance fo^ the manufacturoTsu^r:

The common field beet, for cattle, ivhich has been long known in Germany was

Sne'SlfaCbuti to 1^^^ T\ °' J-^. centu^;S ils intrTdSori

the SocLtfo?F^^^^^^^^ Ti P
^•^"^^'^'.^ physician of great repute, and one of .tne society ot J^riends. The German name is mangold wursel, or mangold root buts commonly pronounced ^ur.el, which means scarcity root; andfby a sSkuStranslation It IS called in French racine d'abondance, or rJot of plenty as well as

^wa^^ses 0/ Fay Ogston give the following Composition for two Varieties of
the Beet-root, and the Analysis of Griepenkerlfor another.

Substances contained

Yellow Globe
Mangold Wurzel

Long Red
Mangold Wurzel Red Beet

Root Leaves Root Leaves Root

Potassa .... 25-54 8-34 21-68 27-90 61-10
Soda 19-08 12-21 3-13 3-01
Lime ..... 1-78 8-72 1-90 8-17 2-45
Magnesia ....
Sesquioxide of iron

1-75 9-84 1-79 7-03 2-94
0-74 1-46 0-52 0-96 0-35

Sulphuric acid 3-68 6-54 3-14 4-60 3-31
Silica 2-22 2-35 1-40 2-26 0-19
Carbonic acid 18-14 6-92 15-23 6-45
Phosphoric acid 4-49 5-89 1-65 5-19 10-77
Chloride of sodium 24-54 37-66 49-51 34-39 17-04

Total amount 99-96 99-95 99-95 99-96 99-99

Per-centago of ash in the dry
substance .... 11-32 14-00 7-10 17-90 7- 8

Per-centage of ash in the fresh

substance .... 1-02 1-40 0-64 1-79

The quantity of boot-root used in the Zollvcrein States of Germany in the manu-
facture of sugar was as follows :

—



BELLS
Ccntnerg of 110 lbs. Eng.

For tho year 1849-50 .... 11,525,678

1850-51
1851-52
1870-71
1871-72

16,000,000

20,000,000

25,750,000

26,550,000

• „ ir, fl^ffflTAnf- 1nra,lities from 100 to 112 avoirdupois pounds.

£:Siro?thV'S^^LSrte^ introduced into the northern United

SSflfuaSe-lc^al^^^^^^ lady') The active principle of this plant is an

^^Sx^MiSrrS^of copper and tin. The proportions of those .con-

stiSs v1?y 'to certain liJdts. The older bell-founders appear to have aimed

ftSucS an alloy of 3 parts of copper to 1 of tin ; these proportions yield a metal

ShShd nsiry-agWcak^^^ havii| a specific gravity of
8-9'

f^^^^^^^^/^
^^^^ ^

jL unalloyecl copper-but rather too brittle to be used for large beUs. An alloy of

S of coTer to 1 of tin has been largely employed, and being easy to tune is a

?iotite metal with bell-founders. AVhen 4 of copper to 1 of tm is used, a soft alloy

rotorsuciras is ordinarily used for small house-bells.
^
TheJa^ be Is m^^^^

New Houses of ParUament at Westminster were cast m an alloy of 22 of copper to

7 of t5 but Mr. Denison, who superintended the construction of these bells, has since

Lggest^l tlattheratio of'l3 to 4, or 3^ parts of copper to 1 of tin would probably form

a better alloy, since these proportions exactly represent 6 equivalents of copper to 1 ot

tin Such an alloy, being a definite compound, with its constituents m atomic propor-

tions, would be more likely to remain homogeneous throughoiit-the component metels

having less tendency to separate from each other during the cooling of the molten

mass. 'I should now,' says Mi-. Denison, speaking after his experience of the West-

minster bells, 'require largo bells to be of this 76-5 copper to 23-5 tm, or Cu fen

;

and they should then be rejected as unhomogeneous if any part of the bell is provea to

be beyond the limits of either 77 per cent, of copper or 23 of tm.'
_

_

In addition to the two chief constituents of bell-metal, small quantities of other

metals have occasionally been introduced into the alloy, but apparently without any

decided advantage. Thus some celebrated old bells contain a small proportion ot

antimony—Old Tom of Lincoln containing about -03 per cent. The use of silver has

also been recommended, but seems unwarranted.

An alloy of cast-iron and tin, called ' Stirling's Union Metal,' has been employed

for bells
;
but, though emitting a fair sound, is far inferior to ordinary bell-metal.

The same remark applies to cast-steel bells. See Bronze and Copper.

BEIiXi-MBTAXi ORE, or Staniiine ; a sulphide of tin, copper, and iron.

{Etam sulplmrc, Haiiy ; Zinnkics, Hausmann.)

The composition of the ordinary variety of this ore is—

Copper 30'0

Iron ....... 12-0

Tin ...... . 26-5

Sulphur 30 "6

99-0

It was found in many of the Cornish mines, and especially at Carn Brea, but is now

rare.

BSIiXiOVrs. See Metailuroy.
BEIiXiS. Church bolls are said to have been originated in Italy ; but bells were cer-

tainly cast at a very early period in the East. They were evidently used by the ancient

Egyptians, and at a very early date amongst the Chinese. All the more celebrated

bells are raanufactiu-ed of bronze, or bell-metal (these alloys are described under their

respective heads).

The following are the weights of a few of the largest bolls :

—

lbs.

Tho great bell of Moscow 443,772

The boll of St. Ivan 127,836

Another boll in tho same city 39,827

Ditto ditto, cast in 1810 .... 112,000
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The bell in the cathedral, Paris

rru^r. „ •
''^tto Vienna

iho boll in tlio chnrch at Erfiirt
broat Tom of Oxford
I*itto Lincoln .'

Tho boll of St. Paul's, London
J3ig Bon of Westminster, London

lbs.

38,800

'.i'jfiia

30,800

17,000

9,894

8,400

30,362

who
of the New Houses of Parliament was designed by Mr. Denison 0 Cwho undertook all the responsibility of its construction, ~J t/u^ ca2io &

TeU ""^T"^^
^'^^ °f 22 parts of copper to 7 of tS. tKhZ£ IfcT' th"ii"^.T'

6. 1856, by Messrs. Warner,Tt No4n, ne^r StockK
bvIVwV M S^" •

Pi-'^«'="bed pattern, and exceeded the intended weight

hLL the casting was defective, and when the bell was subsequcK
SroJiir/ f ""^ '

^"^^^^^'^"g' ''^-^ - the sound-bow InTde" to

oZh? 1
^ '^''PP'^ 13 '^^t- J-eq^ured, and the bell was cons^quently cracked withm a year after it had been cast.

was conse-

Mr IntS. ^S^n.^S/^-fi.-^fi,''^'
recast,_with certain alterations of shape, byMr. Mears Soon after it had been placed in the clock-tower it was found that thi«

S slerlS?rv"^^^^
more defective than the first-the metal exWbSg a num^ot superficial cavities and still more internal bUsters. Dr. Percy and Prof Tvmkll

"2Tcotrto 7Tr'
^ffieially on the bell. It was found thatTnsteadoftJt^^^^^^^

onnf.;^n„F
7 of tin as required by contract, two fragments from the sound-bowconta ned respectively 19-4 of copper to 7 of tin, and 19-9 copper to 7 tin • wWlstIsample taken from the top yielded 22-3 of copper to 7 of tiJ Thus in adSn t^he porous structiu;e of the casting, the alloyZ far from being unSm twSu?an the lower part>-which is, of course, the most important part of a bell-waTharder

faL^r ° "^'''^''^ S°th castings, therefore, werT decSd

inrLl^aftlV^;S ^'^''^^ -^'^

• Now, from these and other experiments, I have come to the conclusion that bellsof the common and weU-known shape, with a thick lip or sound-bow, are the most
effective known instruments for producing a loud and musical sound, such as youwant when you erect a large public clock, or put up a peal of church bells. And I
confess also, that after trying, at Messrs. Warners', a number of experiments with
bells of the usual ffe7ieral form, butmth various deviation in the details, I am equally
satisfied that there is nothing to be gained by deviating materially from the esta-bhshed proportions of the best old bells. And I think it is some confirmation of my
views to tell you that Professor Wheatstone, having been commissioned by the Board
ot Works with Sir C. Ban-y, on liis own suggestion, to collect information at the latePans J^^xhibition respecting the most esteemed chimes in France and Belgium, and
whether there are in those countries makers acquainted with the traditions of the art,
or who have applied the discoveries of science to the improvement of bells, or to
ejficimit substitutes for them, has come back with the conclusion that no such efficient
substitutes have been discovered

; nor is there any Imown improvement on the esta-
blished mode and materials for casting them. Sir C. Barry and he, indeed, seem to
have been rather impressed with the merits of the cast-steel bells, which you have
seen noticed m the newspapers. I have not heard them myself, but I have heard
such condemnation of their harshness of sound from other persons, of probably more
experience in such matters, that I do not the least believe in their being received
generally as an efficient (though they may be a cheap) substitute for the more
expensive compound of copper and tin

; and, on the whole, that seems to be Pro-
fessor Wheatstone's opinion also.'

BEZTGiili STRIPES. Ginghams
; a kind of cotton cloth woven with coloured

stripes, so called from the cottons which we formerly imported from Bengal.
BEN NXJTS. {Noix de ben, Fr. ; Salbnilsse, Ger.) The tree which furnishes

these nuts is the G-uilandina moringa of Linnaeus, a native of India, Ceylon, Arabia,
and Egypt.

BETJ- OIZi. The oil of ben, which may be obtained from the decorticated nuts, is
said to be far less liable than other oils to becomo rancid, and hence it is much
used by watchmakers. At a low temperature, the oil of ben separates into two
parts—one solid and one fluid ; the latter only is used for watch-work. At one time
o|l of bon was employed as a base for the enflciu-age process of making perfumed
oils from flowers in the south of France, brought thence from the Levant^ but from
Bome unknown reason it has long since ceased to bo imported, and oil of ben is no-w
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very rare article of commorco. An attem]3t has boon made in Jamaica, by Mr.

Kemble to raiso tlio moringa for the sako of this oil, but the samples there produced

remained a perfectly solid fat in England throughout tlio whole year—S.R
BSN2iI3>IM"B. An alkali, discovered by Zinin, in acting "vvith reducing agents

on arzobonzide and azoxibenzido.—C.G.W.

BBM'ZZN'E. See Benzole.

BSM'ZOIC ACXB. O'^HsO* (CS^O-). This acid may be obtained by placing

benzoin powdered, with sand, in an evaporating basin, and above it a paper cap
;
on

applyin"- heat carefully to the sand, acid vapours arise from the resin, and they are

deposited in the form of fine light crystals within the paper cap. Stolze recommends

the following process for extracting the acid :—The resin is to be dissolved in three

parts of alcohol, the solution is to be introduced into a retort, and a solution of car-

bonate of soda dissolved in dilute alcohol is to be gradually added to it, till the free

acid be neutralised ; and then a bulk of water equal to double the weight of the benzoin

is to be poured in. The alcohol being drawn off by distillation, the remaining liquor

contains the acid, and the resin floating upon it maybe skimmed off and washed, when

its weight will be found to amount to about 80 per cent, of the raw material.

Benzoic acid is also obtained by boiling hippiu'ic acid, or the urine of cows or

horses which contains this acid, ivith hydrochloric acid.

BENZOlwr, or SHJiJAMZN. {Benjoin, Fr. ; Benzbe, Ger.) A species ofresip,

used chiefly in perfumery; improperly called a gum, since it is quite insoluble in

water. It is extracted by incision from the trunk and branches of the Styrax benzoin,

or Liihocarpus be'azohi, which grows in Java, Sumatra, Santa Fe, and in the kingdom

of Siam. The plant belongs to the natiural family of the StyracacecB, The benzoin

flows in small quantities s]»i&ntaneously from the trees ; but it is collected by making

incisions in the stem, just below where the branches are given off, as soon as the tree

has attained an age of five or six years. These incisions are repeated each year

for about twelve years, when the tree becomes exhausted. The resin flows out as

a white fluid. It hardens readily in the air, and comes to us in brittle masses, whose

fracture presents a mixture of red, brown, and white grains of various sizes, which,

when white, and of a certain shape, have been called amygdaloid, from their resem-

blance to almonds. The bensoe in sortis is very impure, containing portions of wood
and bark.

The fracture of benzoin is conchoidal, and its lustre greasy ; its specific gravity

varies from 1-063 to 1'092. It has an agreeable smell, somewhat like A^anilla, which

is most manifest when it is ground. It enters into fusion at a gentle heat, and then

exhales a white smoke, which may be condensed into the acicular crystals of benzoic

acid, of which it contains 18 parts in the hundred. Ether does not dissolve benzoin

completely. The fat and volatile oils dissolve very little of it.

Unverdorben has found in benzoin, besides benzoic acid and a little volatile oil, no
less than three different kinds of resin, none of which has, however, been turned, as

yet, to any use in the arts.

Benzoin is principally used in perfumery ; it enters into a number of preparations,

among which may be mentioned fumigating pastilles, fumigating cloves (called also

nails), poudre a la marechale, &c. The alcoholic tincture, mixed with 20 parts of

rose-water, forms the cosmetic virginal milk. Benzoin enters also into the composi-
tion of certain varnishes employed for snxiff-boxes and walking-sticks, in order to

give these objects an agreeable smell when they become heated in the hand. It is

added to the spirituous solution of isinglass, with which court-plaster is made.
BEirzOIiE. Syn. Benzine, benzene, benzol, hydruret of phenyl, C'^H" (CH^).

A compound of carbon and hydrogen discovered by Earaday in the products of the
destructive distillation of whale-oil. The more volatile portion of coal-naphtha has
been shown by Mansfield to consist chiefly of this substance. It is produced in a
great number of reactions in which organic bodies are exposed to high temperatures.
It may at once be obtained in a state of purity by distilling benzoic acid with excess
of quicklime. The lime acts by removing two atoms of carbonic acid from the
benyaic acid. The method of obtaining benzole from coal-naphtha will be found fully

described under the head of Naphtha, Coal. Benzole is also contained in considerable
quantity in bone-oil ; but it is accompanied by peculiar nitrogenised volatile fluids,

which are difficult of removal. The latter, owing to their powerful and fetid odour,
greatly injure the quality of the bone-oil benzole. Benzole is an exceedingly volatile
fluid, boiling at ordinary pressures at 187° E. Its density is 0*850. Owing to the
levity of benzole being regarded by manufacturers as a proof of its purity, it is not
uncommon to find it adulterated with the naphtha from the Torbanehill mineral, or
Boghead coal, which has a density as low as 0750. Any benzole having a lower
density tlian 0*850 is impure. Benzole is excessively inflammable, and its vapour
mixed with air is explosive. Numerous lives have been lost oynng to these properties,

Vol. I. 2 s f f >
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nmong thorn that of Mr. Mansfiold, to whom wo aro indebted for an excellent in-

vestigation on coal-naphtha. Bonzolo is greatly used in commerce, owing to its

valiiablo solvent properties. It dissolves caoutchouc and gutta-percha readily, and,
on evaporation, loaves them in a state well adapted for waterproofing and many other
purposes. Its power of dissolving fatty, oily, and other greasy matters, has caused
it to become an article of commerce under the name of henzoline. It readily extracts

grease oven from the most delicate fabrics, and, as it soon, on exposure to the air,

evaporates totally away, no odour remains to betray the fact of its having been used.

It dissolves readily in very strong nitric acid, and, on the addition of water, it is

precipitated as a heavy oil, having tho composition C'^K'NO* (CH'ITO'''). The latter

compound is nitrohen::ole ; it is regarded as benzole in which one atom of hydrogen is

replaced by hy^ionitric acid. Nitrobonzole, in a state of tolerable purity, is a pale-

yellow oil, having a sweetish taste, and an odour greatly resembling bitter almonds.

Owing to its comparative cheapness, it is employed in perfumery. Nitrobenzole can

be prepared with nitric acid of moderate strength, such as is ordinarily obtained in

commerce ; but it then becomes necessary to distil the acid and the hydrocarbon

together several times. The product so obtained is darker in colour, and in other

respects inferior to that obtained with highly concentrated acid. By treatment with

acetate of protoxide of iron, nitrobenzole becomes transformed into aniline. This

change may be effected, but far less conveniently, by means of sulphide of ammonium.

Benzole is extremely valuable in many operations of manufacturing chemistry. It

dissolves several alkaloids, and, on evaporation, leaves them in a state of purity. It

dissolves quinine, but not cinchonine, and may therefore be employed as a means of

separation. Morphia and strychnine are also dissolved by it, but not in great quan-

tity. To obtain many natural alkaloids existing in plants, it is merely necessary to

digest the dry extract with caustic potash and then with benzole. The latter is to bo

decanted, and then distilled off on a water-bath. The alkaloid will be left behind in

a state well adapted for crystallisation or other means of purification. Benzole is

becoming much used as a solvent in researches in organic chemistry. Many sub-

stances, such as clirysene and bichloride of naphthaline, crystallise better from benzole

than from any other solvent.

Benzole may be employed in many ways for illuminating purposes. It is so easily

inflamed that great care is necessary in using it. It docs not require a wick to cnablo

it to burn. If poured, even on an uninflammable surface and a light be applied, it takes

fire like a train of gunpowder, and burns with a brilliant flame, emitting dense clouds

of smoke, which, soon condensing into soot, presently fall in a shower of blacks. Even

on the surface of water it burns as freely as anywliere else. If a drachm or two be

poured on water contained in a pan, and a pellet of potassium be thrown in, the ben-

zole inflames, and rises in a column of flame of considerable height. A metliod of

destroying enemies' shipping has been founded on this principle. In consequence of

the smoky nature of the flame of benzole (caused by the comparatively larger per-

centage of carbon), it is often convenient to burn a mixtui-e of one volume of

benzole and two volumes of alcohol. A stream of air driven through benzole

becomes so inflammable as to serve for the purposes of illumination. For tliis mode

of using the hydrocarbon, it should be kept slightly warm to assist its vaponsation.

A machine on this principle, of American invention, has been employed to illuminate

houses. The air is driven through the benzole by a very simple contrivance, tho

motive power being a descending weight. See Gas, Air.

When quite pure, benzole freezes at 32° to a beautiful snow-white substance, resem-

bling camphor. The mass retains the solid form until a temperature of 40" or 41° is

reached. This property of solidifying under the influence of cold may bo made

use of to produce pure benzole from the more volatile portion of coal-naphtha. lo

obtain it perfectly pure, it should be frozen at least three times, the portion not

solidifying being removed by filtration through calico. The unfrozen portion con-

tains hydrocarbons, homologous with olefiant gas.
, •

Benzole dissolves free iodine and bromine, and has even been used :n analysis to

separate them from kelp and other substances containing them. They must of course

be set free before acting ^vith the hydrocarbon. The presence of benzole in mixtures

may easily be demonstrated, even when present in very small quantity, by converting

it into aniHne, and obtaining the characteristic reaction with chloride of hme. J^or

this purpose the mixture is to be dissolved in concentrated mtnc acid and the mtro-

benzolo precipitated by water. Tho fluid is then agitated w,th
''^^f

' .^^f^Vj^^^^;,^^
thenitro-com^ound. The ethereal solution is ^nth an equal bulk of a^^^^^^^

hydrochloric acid: a little granulated zinc being added, hydrogen is evolvc^d i^^

acting in a nascent state on tho nitro-compound, reduces it to tlie state of amhno Tho

base is then to be separated by an excess of potash,_and tho alkaline fluid s e^iak^

with other to dissolve the base: The ethereal fluid being evaporated, leaves tho amhno.
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Dn ftdclintr water and tlion a few drops of solution of chloride of hmo, the purple

pnloiir indieativo of aniline is immediately produced.—i?q//«rt«n. Tbo ^n-iter of this

article has by this process detected minute traces of henzolo in mixtures consisting

almost entirely of homologues of olofiant gas—C. G. W.
BENZOlIwrE. See Benzole,

BERGAMOT. (
Bergamottc, Fr. ) The Citrus bergamia, a citron cultivatedm tho

centre and south of Europe. By distillation from the rind of tho fruit is obtained

the well-known essence of bergamot. See Oils, Essential.

The ottoos or essential oils, from fruits such as the bergamot, tho lemon, and the

orange may 'all bo procured by distillation, but these products thus procured are not

valued'by the manufacturing perfumer so much as when they are obtained by rasp-

iuo- the peel of the fruit and collecting the essence thus disengaged, and finally filtering.

The rasps employed for this piu:pose are hollow cones filled with spikes, in which the

fruit is dexterously revolved by hand. All essences that are distilled are modified

in their composition by the presence of the watery vapour and high temperature.

—S. P.

Behgamot. a coarse tapestry, said to have been invented at Bergamo, in Italy,

made of ox and goats' hair, with cotton or hemp.

BERXiIJiI' BtiACXL. A black varnish, drying with almost a dead surface, used

for coating the better kinds of iron-ware.

BERIiXIO' BXiVE. A fine variety of the Prussian Blue,

BERXiIlf CASTINGS. Delicate ornamental objects cast in a very fluid iron,

smelted from bog-ores, and containing much phosphorus.
_
These castings were

formerly imported from Prussia, and used for personal decoration.
_

BERRV. The term is commonly applied, not only to small fruit, but in some cases

to seeds. The following is Professor Lindley's definition of a berry :— ' A succulent

or pulpy fruit containing naked seeds, or, in more technical language, a succulent or

pulpy pericarp, or seed-vessel without valves, containing several seeds, which are

naked, that is, which have no covering but the pulp and rind. It is commonly round

or oval. But in popular language, berry extends only to smaller fruits, as strawberry,

gooseberry, &c., containing seeds or granules. An indehiscent pulpy pericarp, many-

celled and many-seeded ; the attachment of the seeds lost at maturity, and the seeds

remaining scattered in the pulp.'

Berries are used in some of the processes of manufactiu'e, but they are not of much
importance.

Bay Berries.—The fruit of the Launis nobilis, or the sweet bay. Both the leaves

and the fruit are employed as flavourings. A volatile oil, the oil of sweet bay, is

obtained by distillation with water ; and a fixed oil, by bruising the berries, and
boiling them for some hours in water; this oil, called also Laurel fat, is imported

from Italy. See Bats, Oil of,

Turkey Yellow Berries.—The unripe fruit of the Bhamnus infectorious. They are

used in calico-printing, producing a lively but fugitive yellow colour,

Persian Yellow Berries.—These are said to be produced by the same species of

plant ; but tlie colour is considered more permanent, and they fetch higher prices.

Berries of Avignon.—Another name given to the Tiu'key and Persian berries.

Juniper Berries.—The fruit of tlio Juniperus comnmnis. They are chiefly used for

flavouring gin and some spirituous cordials, and in the preparation of some pharma-
ceutical articles, as the oil of juniper and the compound spirits of juniper.

Bear Berry.—The fruit of the Uva ursi. The leaves only are used medicinally,

Myrobolans.—The fruit of a tree which grows in India. It has a pale-yellow colour

when new, but becomes darker by age, and then resembles dried plums. It contains

tiinnin, and has hence been used in dyeing. See Juniper Berries, &c.
In 1871 wo imported of Myrobolans 146,450 cwt., of the value of 100,695?,

BERTHOIiIiETIA. A plant of the natural order Lecythidea:. The Berthollctia

cxcelsa is a tree of large dimensions, forming extensive forests on the banks of

the Orinoco, The Portuguese of Para have for a long time driven a great trade with
tlio nuts of this tree, which tho natives call luvia, and tho Spaniards Almendron.
They send cargoes to French Guiana, whence they are shipped for England and
Lisbon. These are tho common Brazil Nuts. The kernels yield a largo quantity of

oil well suited for lamps.

—

Humboldt and Bonpland,
BERVIi. {Beril, Pf. ;

Beryll, Ger. ; Berillo, Ital.) A beautiful mineral or
gem, usually of a green colour of various shades, passing into honey-yellow and
sky-blue.

Beryl and emerald are varieties of the same species, tho latter including tho rich
green transparent specimens which probably owe their colour to oxide of chrome

;

the former those of other colours produced by oxido of iron. Gmolin gives the
composition of a Swedish beryl as;

—

z2
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Silica 69-70

Alumina . , 16'83

Glucina 13'39

Peroxide of iron 0-2i

'Beryls of gigantic size have boon found in tlio United States, at Acworth and

Grafton, Now Hampshire, and Iloyalstun, Mass. One beryl from Grafton weighs

2,900 lbs ; it is 32 inches through in one direction, and 22 in another transverse, and

is 4 feet 3 inches long. Another crystal from this lociility, according to Professor

Hubbard, moasuros 45 inches by 24 in its diameters, and a single foot in length ; by

calculation, weighs 1,076 lbs., making it, in all, nearly 2J tons. At Eoyalston, one

crystal exceeded a foot in length.'

—

Dana. Sec Emeiiaxd.

Some of the natural crystals of phosphate of lime, or apatite, were formerly taken

for beryls, and called the Saxony beryl.

BESSEiasxi PROCESS. A process for making steel, invented by llr, Henry
Bessemer. See Steel.

BETEL A compound, in universal use in the East, consisting of the leaf of the

betel-popper, with the betel-nut, a little catechu, and some chunam (lime obtained by

calcining shells). This is almost universally used throughout central and tropical

Asia ; the people are unceasingly masticating the betel. The leaf of the pepper vino

{Chavica betel) is extensively cultivated throughout tropical Asia, and forms a largo

article of Eastern traflic. See Pepper ; Betel.

BBTBIi-WUT, or Areca. The fruit of the Areca catechu, which is eaten both

in its ripe and its unripe state. A tooth-powder used in this country is prepared by

charring the areca nut, and is sold as ' areca-nut charcoal.'

BETODT. The Prench name for concrete. Self-slaked hydraulic lime is mixed with

sand, and when the mixture is complete it is beaten up with the ballast. See Conceeth.

BBTTKEITXi. A mining term, signifying a living stream. It is applied by the tin-

miners to any portion of a lode or of the rock which is impregnated with tin._

BBZOjBlH. (The most probable etymology of the word is from the Persian VacL-

cahr, i. e. expelling poison.

—

Penny Cyclopcsdia.) A concretion found in the stomach

of animals of the goat land ; it is said to bo especially produced by the Capra gasella.

The finest bezoar is brought to India from Borneo and the shores of the Persian

Gvilf ; the Capra Mgagrus, or wild-goat of Persia, producing this concretion, which

by way of eminence was called the Lajns bezoar orientalis. The bezoars, which

were supposed to cure all diseases, have been found by the analyses of Pourcroy and

Vauquelin, and of Proust, to be nothing more than some portions of the food of the

animal agglutinated into a ball with phosphate of lime.

Fossil bezoars are found in Sicily, in sand and clay pits. They are concretions

of a piurple colour around some, usually organic, body, and of the size of a walnut.

Possil bezoar is sometimes called Sicilian earth.

Bezoar Mineral.—An old preparation of the oxide of antimony.

BHAVTG. See Bakc.
BIANCO-SECCO. a carefully slaked lime, mixed with powdered marble, em-

ployed in fresco-painting.

BIBXnxr and BIBIBZKrB. See Gbeenheaet Thee.

BICiiBBONATES. The ordinary carbonates of potash and soda have a strong

alkaline reaction and caustic taste, making them unfit for many purposes where a

soluble carbonate is required. Moreover, there are many uses to which they are

applied, rendering it desirable that as large an amount of gas as possible should be

given off on the addition of a stronger acid.

Bicarbonate of Potash—Thcve are several modes of converting the carbonate into

bicarbonate. The most economical is by exposing the salt to a current of carbonic

acid. Por this purpose some manufacturers place it, slightly moistened, on stoneware

trays, and allow the vapoiu-s of bm^ning coke to travel slowly over it.
_

The sources

of the gas used in this manufactm-e will vary according to the locabty m ^vhich it is

undertaken. It is not unusual to produce it by the action of sulphuric acid on lime-

stone. The gas generated in fermentation has been employed, and even that which

in some places issues from the earth. The bicarbonate of potash is far less soluble

than the carbonate, as it requires four parts of cold water for solution, whereas the

carbonate dissolves in 0-9 of its weight of water at 54° P. Consequently, if a strong

solution is saturated with carbonic acid, tJie bicarbonate crystalbses out. When

common pearl-ashes are dissolved in water, and the gas is passed in, a large quantity

of a white precipitate is often thrown down ; it consists chiefly of si ica, but olten

contains alumina and other matters. Considerable heat is developed ^vhen moistened

carbonate of potash is exposed to a current of carbonic acid gas. A^ hen carbonate ot

potash is dissolved in water, and gradually treated with acetic acid, so as to form
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ncetate of potash, by no means the whole of the carbonic acid is expelled, and a point

is arrived at when a considerable quantity of crystals is deposited; they consist of

verv pure bicarbonate of potash. In making acetate of potash on the large scale, the

ouantitv of crystalline precipitate obtained in this manner is sometimes very largo.

H'-arbouato of potash is usually tolerably pure. If well crystalHsed, aU the im-

purities remain in the mother-liquor, and on heating to redness almost exactly the

theoretical amount of residue is left, viz. 69 '05 per cent. Crystallised bicarbonate

of potash always contains one atom of water, its formula being KO, 200^ + 110

Bicarbonate of Soda—This salt is obtained by the same methods as the salt of

potash. The crystals have a corresponding formula to the potash salt
;
namely, NaO,

2C0- +'HO (NaKCO'). It requires about 13 parts of water at 60° to dissolve it.

When pure, 100 parts leave 63-18 of NaO.CO^ (Na-CO='), on ignition.

The bicarbonates of potash and soda lose carbonic acid by the boiling of an aqueous

solution. 11- n-rvi
Many chemists regard carbonic acid as being bibasic, the true formula being C-0',

instead of 00^ This view is probably the correct one, and it explains why the bicar-

bonates are neutral instead of acid salts. Moreover, 0^0* corresponds to 4 volumes,

like organic substances generally ; whereas, if we assume CO^ as one atom of the gas,

we are complied to admit a 2-volumo formula. This view has, however, been con-

siderably modified by our modern theoretical chemists.

BXCS. A light blue colour prepared from smalt. There is a green bice prepared

by mixing some yellow orpiment with smalt.

BXSER'S'. An Indian alloy of considerable interest, named Bidery, from Bider, a

city N.E. of Hyderabad. Many articles are made, remarkable for elegance of form

and for gracefully-engraved patterns. Although the groundwork of this composition

appears of a blackish colour, its natural tint is that of pewter or zinc.

Dr. Heyne says it is composed of, copper, 16
;
lead, 4 ; tin, 2 ; and to every 3 ounces

of aUoy 16 ounces of spelter (that is, of zinc) are added, when the alloy is melted for

use. To give the esteemed black colour and to bring out the pattern, it is dipped in

a solution of sal-ammoniac, saltpetre, common salt, and blue vitriol. Dr. Hamilton
saw, zinc, 12,360 grains, copper 400, and lead 414, melted together under a mixture
of resin and bees'-wax, introduced into the crucible to prevent calcination ; it was then
poured into moulds of baked clay, and the articles handed over to be turned in a lathe.

Though called bidery and sometimes vidry, it is manufactured in other places. In
some parts of the Nizam's dominions, specimens were obtained, for the Exhibition of
1851, of great beauty. Bidery does not rust, yields little to the hammer, and breaks
only when violently beaten. According to Dr. Hamilton, bidery is not nearly so
fusible as zinc or tin, but melts more easily than copper.

—

JDr. Boyle. Lecture on the
Great Exhibition of 1851.

BXJOUTRT. {Bijouterie, 'Em.) Jewellery ;—the manufacture of and dealing in
jewellery. This work is not the place in which to describe the almost endless variety
of articles which come under this denomination. The principal place for the manu-
factMe, in England, is Birmingham, but formerly the trade was largely carried on in
Derby, Edinburgh, and London. Diu-ing the last twenty-five years the jewellery trade
of Birmingham has made rapid progress. It has been estimated that the value of the
gold annually consumed in the jewellery and gilt-toy trade of that town amounts to
between 600,0OW. and 700,000?., and of the silver to from 100,000/. to 150,000/.,
whilst the |)recious stones and their imitations have been valued at a quarter of a
million sterling. (See papers by Mr. J. S. Wright in ' The Eesources, Products, and
Industrial History of Birmingham,' 1866 ; and by JVIr. W. G. Larkins in ' Journal of
tlie Society of Arts,' March 1, 1872.)
The trade in jewellery forms one of the most important branches of French com-

merce
; on which a French writer says :

' La bijouterie est une des branches les plus
importantes du commerce^ Fran9ais, et c'cst die que constate, de la mani^re la plus
cvidento, notro sup^riorite dans les arts du dessin et les progr^s toujours croissans
de rindustrio Parisienne. Dans cette partie ossentielle, elle n'a pas de rivaux, et ello
rend tributairo de notre pays presque toute I'Europe et une grande partie de I'Asie et
de rAmeriquo.' Of late years, however, the Parisian trade has been declining ; but
French jewellery has still so high a reputation that English manufacturers often find
It to their interest to affix French labels to their goods. A quantity of cheap jewellery
is also imported from Germany. See Agatk.

_
The ordinary practice has been to divide articles of this character into two prin-

cipal kinds—fine jewellery and false jewellery (bijoutier en Jin and bijouticr en fnux)
Another division, among the French jewellers especially, lias been to adopt four
classes 1, fine jewellery, which is all gold; 2, silver jewellery; 3, false iewellerv
and, 4, jewellery of steel or iron, >
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In tho article Alloys will bo found the quantity of the Imscr mobil which is per-

niittod to bo combined with gold ; and also tho proportions of tho alloys forming tho

brassos which are employed in tho false jewellery.

Under their respective heads tho true gems will bo described (boo Diamond,

Emeuaxd, &c.) ; and uudor CIkms, Artificial, the imitations of thorn
;
many of the

false so nicely roprosonting tbo peculiarities of tho true gems as to deceive even tlio

practised eye. Tho hardness is, however, an unfailing tost ;
if, therefore, any gcni is

found to be scratched with a stool tile, wo may depend on its being artificial. Seo

also Pearls, Artificial ; Lapidary Work ;
Glass, &c.

^ » ^,

BXKH, BISH, or NABEE. An Indian poison prepared from the root ot tlie

Aco7iitum fcrox, a native of Nopaul, and from other species of acomto. It is said to

possess the concentrated power of all the European acomtx3S. This is doubtful

;

tho poisonous properties of some of the monkshoods are little knoAvn. Rocontly ( 1873 ),

some children from the Falmouth Workhouse, playing on the beach at :5Iainfort!i,

found some roots washed on shore, and four of them ate small portions—^vithin two

or three hours three of tho boys diod, and tho life of the other was only saved by

the greatest attention. See Aconitum.
„ , ,. . . ,

B1I.E. (Bilc,lh'.; GaUe,Gev.) The secreted liquor of tho liver m ammali?.

Bile (ox's) is composed, according to Berzelius, of—bilino, follimc acid, and fat of

gall, 8-00; mucus, 0-30; alkali combined with biline &c., 0-41
;
munato of soda,

extractive matter, 074; phosphate of soda, do. of lime, &c., 0-11; water, 90-44

"Th^enard's analysis gives—resin of bile and picromel (acid gallenate of soda), 10-o4 ;

coloiu-ing-nmttor, 0-50 ; soda, 0-50
;
phosphate of soda, 0-25

;
muriate of soda 0-40

;

sulphate of soda, O'lO ;
sulphate of lime, 0-15 ; traces of oxide of iron, water, 8ro6 ;

^The analyses of Benacli (' Ann. Oh. Phar.') give the following as the composition

of the gall of several animals :

—

Nitrogen Sulphur Ash

. 3-3 . . 4-9 . . 13-15

. 3-9 . . 5-7 . .
11-86

6-2 . . 13-r.l

6-8 . . 8-42

. 3-5 . . 6-0 . . 10-99

. 2-5 . . 6-6 . . 14-11

Strecker and Mulder have published two treatises on ox-gall. The views advo-

cated by these chemists will be found in the ' Annual Keport of the Progress of

Chemistry of Liebig and Kopp,' translated by Hofmann and De la Kue.

It has been shewn by Strieker's researches that bile is largely composed of the

soda-Sts of two peculiar acids called glycocholic and taurochohc acids. GficockoUc

secono ioKi m ^ ^ jj j ^(Ii alkalies the impivrs product is

isolated in a stote f W^- X™„^ e„]ied (Ol.ri,., -wliich contains C'H'SSW

fSSs;*?) 't^Sl^ ^t^rttr .s also p^en, to a sninll

Stent, '''f^^^-'^J^il^jtS;^^ whieli citcilntcs

tight an XSd'^^^^^^^^^ *'<^». - -0"^ ''-'<^''

Carbon Hydrogen

Calves . . 55-4 . . 7-7

Sheep . 67-3 . . 7-8

Goats . 67-3 . .
8-2

Bears . 57-7 . .
8-3

Powls . 57-5 . .
8-3

Pish . . . 56-0 . 8-1

^SiXSS'^^^i^'^ .....as a test f» the p„senco

"'SnSTicst fo, „Uo
°

'°'j:^thSsiic«.»-^^^^

'°'^r^^Jiai^^i\s°''"ivi»'>[ colouriiie ...""crs rrod«ed from bile by Dr.

IhudictaLu. See • Watts's Kctioiiorj- ot Chcni.stiy.
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=Twn Tlio name by which many of tho coal-moasm;o shales arc locally known

PETROLETIjr.

"^^Ji ^E^'^^f Ir
° 7Wm«, Ger.) Tho hest birdlime may be made from

, tlfe hon - bo iS eight hoiu-s in water, till it is soft and
tho middle bark of the ^^VJ

^,^,1 covered with stones after the water

Ltr^i'nXt t'^S -^-^ t
summer eason and watered, if necessary, till it passes into a mucilaginous state. It

SXn to be pounded in a mortar to a paste, washed in runmng water and kneaded

tm it be free from extraneous matters. It is next left for four or five days earthen

vessels to ftrment and purify itself, when it is fit for use. Birdhme may be made by

tirsamepro^erfrom'^the ^mistletoe (Viscu^n albu.n), young shoots of elder, and

the barks of other vegetables, as well as from most parasitical plants.

Good birdlime is of a greenish coloux- and sour flavour, somewhat resembling that

of lin eed on-gluey, stingy, and tenacious. By drying in the air it become

Sritde and may be powdered ; but its viscosity may be restored by ^f^-Hg f'

^
contains resin, mucilage, a little free acid, colouring and extractive matter. The resm

'"'ll^ca^rWxaniincd a substance which exudes from the receptacle and involucre

of tho Atractylis gimmifera, and describes it as the pure matter of birdlime, which he

calls viscine. Common birdlime may be regarded as a mixture of viscine, vegetable

mucilage, and vinegar.

The mistletoe yields a peculiar viscid gluey substance, consisting of a green wax

and birdlime.
, ^ s c i-

BISCUITS. Biscuit-baking constitutes two separate branches ot manutactiire,

—namely, that of orchnary biscuit, or, so to speak, biscuit ' proper,' for maritime

pui-poses, and that of fancy biscuits. Ordinary, or sailors biscuit consists ot only

flour and water kneaded into a paste, cut in the proper shape, docked, and baked

in an oven ;
fancy biscuits consist also of flour and water, but with an a,ddition ot

butter, sugar, eggs, spices, or 'flavourings,' all or either of them according to the

kind.
1 • t, T,

Ships' biscuits are now made by machinery, and one of the reasons for this has been

that the manual preparation of them was too slow and too costly.
_
A landsman

knows very little of the true value of a biscuit : with a seaman, biscuit is the only

bread that he eats for months together. There are many reasons why common loaves

of bread could not bo used during a long voyage : because, containing a fermenting

principle, they would soon become musty and unfit for food if made previous
_
to

the voyage, while the preparation of them on board ship is subject to insuperable objec-

tions. Biscuits contain no leaven, and, when well baked throughout, they suffer little

change during a long voyage.

The allowance of biscuit to each seaman on board a Queen's ship is a pound per day

(averaging six biscuits to the pound). The supply of a man-of-war for several

months is, consequently, very large ; and it often happened during the long war that

the difficulty of making biscuits fast enough was so great, that at Portsmouth waggon-

loads, brought from a distance, were unpacked in the streets and conveyed to the ships.

We shall now describe the mode of making biscuits by hand, and afterwards speak

of the improved method. The bakehouse at Gosport contained nine ovens, and to

each was attached a gang of five men,—the ' turner,' the ' mate,' tho ' driver,' tho

' breakman,' and the ' idleman.' Tho requisite proportions of flour and water were

put into a largo trough, and the ' driver,' with his naked arms, mixed the whole up

together into the form of dough—a very laborious operation. The dough was then

taken from the trough, and put on a Wooden platform called the break : on this plat-

form worked a lever called tlie break-staff, five or six inches in diameter, and seven

feet long ; one end of this was loosely attached by a kind of staple to the wall, and

tho breakman, riding or sitting on the other end, worked this lever to and fro over

the dough by an uncouth jumping or shuffling movement. AVhen tho dough had
become kneaded by this barbarous method into a thin shoot, it was removed to the

moulding board and cut into slips by means of an enormous knife ; thcso slips were
then broken into pieces, each large enough for one biscuit, and then worked into a
circular form by tho hand. As each biscuit was sliapcd it was handed to a second

workman, who stamped tho King's mark, tho number of the oven, &c., on the biscuit.

Tho biscuit was then docked, that is, pierced Avith holes by an instrument adapted to

tho purpose. Tho finishing part of tho process was one in which remarkable dexr
tcrity was displayed, A man stood before tho open door of the oven, having in his
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hand tho handle of a long shovel called a pool, the other end of -which -was lying flat
lu the oven. Another man took tho biscuitu aa fast as thoy wore formed and stamped,
and jerked or tlirow them into tho oven -with such undoviating accuracy that they
should always fall on tlie pool. Tho man with tho peel tlion arranged tho biscuits side
by side over tho whole floor of tho ovon. Notliing could exceed (in manual labour
alone) the regularity with which this was all done. Seventy biscuits were thrown
into tho oven and regularly arranged in one minute, the attention of each man being
vigorously directed to his own department ; for a delay of a single second on the part
of any one man would havo disturbed the whole gang. Tho biscuita do not require
many minutes' baking; and as the oven is kept open during tho time that it is being
filled, tho biscuits first thrown in would be ovorbaked were not some precaution
taken to prevent it. The moulder therefore made those which were to bo first

thrown into tho ovon larger than tho subsequent ones, and diminished tho size by a
nice gradation.

The mode in which, sinco about tho year 1831, ships' biscuits have been made by
machinery invented by T. T. Grant, Esq., of the Eoyal Clarence Yard, is this :—The
meal or flour is conveyed into a hollow cylinder four or flve feet long and about throe

feet in diameter, and the water, the quantity of which is regulated by a gauge,

admitted to it ; a shaft, armed with long knives, works rapidly round in the cylinder,

with such astonishing oflFect, that in the short space of six minutes, 450 lbs. of dough
are produced, infinitely better made than that mixed by the naked arms of a man, Tho
dough is removed from the cylinder and placed under the breaking rollers ; these latter,

which perform the office of kneading, are two in number, and weigh 16 cwts. each

;

they are rolled to and fro over the surface of the dough by means of machinery, and
in five minutes the dough is perfectly kneaded. The sheet of dough, which is about

two inches thick, is then cut into pieces half a yard square, which pass under a second

set of rollers, by which each piece is extended to the size of six feet by three, and

reduced to the proper thickness for biscuits. The sheet of dough is now to be

cut up into biscuits ; and no part of the operation is more beautiful than the mode by
which this is accomplished. The dough is brought under a stamping or cutting-out

press, similar in effect, but not in detail, to that by which circular pieces for coins are

cut out of a sheet of metal. A series of sharp knives are so arranged that, by one

movement, they cut out of a piece of dough a yard square about sixty hexagonal

biscuits. The reason for an hexagonal (six-sided) shape is, that not a particle of waste

is thereby occasioned, as the sides of the hexagonals accurately fit into those of the

adjoining biscuits, whereas circidar pieces cut out of alarge surface always leave vacant

spaces between. That a flat sheet can be divided into hexagonal pieces without any

waste of material is obATious.

Each biscuit is stamped with the Queen's mark, as well as punctured with holes, by

the same movement which cuts it out of tho piece of dough. The hexagonal cutters

do not sever the biscuits completely asunder, so that a whole sheet of them can be

put into the oven at once on a large peel, or shovel, adapted for the purpose. About

15 minutes are sufficient to bake tliem
;
they are then withdrawn and broken asunder

by the hand.

Tho corn for the biscuits is piu-chased at the markets, and cleaned, ground, and

dressed at the Government mills; in quality it is a mixture of fine flour and middlings,

the bran and pollard being removed. The ovens for baking are formed of fire-brick

and tile, with an area of about 160 feet. About 112 lbs. weight of biscuits are put

into the ovens at once. This is called a suit, and is reduced to about 110 lbs. by the

halving. From 12 to 16 suits can be baked in each oven every day, or after the rate

of 224 lbs. per hour. The men engaged are dressed in clean check shirts and white

linen trousers, apron, and cap, and every endeavour is made to observe tho most scru-

pulous cleanliness.
. - v i j j

We may now make a few remarks on the comparative merits of the hand ana tfie

machine processes. If the meal and the water with wliich the biscuits are made be

not thoroughly mixed up, there will be some parts moister than others. Now, it was

formerly found that the dough was not well mixed by the arms of the workman ;
the

consequence of which was, that the cby parts became burnt up, or else that the moist

parts acquired a peculiar kind of hardness wliicli tlio sailors called flint: these

defects are now removed by tho thorough mixing and kneading which tho ingredients

receive by the machine.
. i

• •„

Wo have seen that 450 lbs. of dough may bo mixed by tho machme in three

minutes and kneaded in six minutes; wo need hardly say how much quicker this

is than men's hands could effect it. Tlio biscuits are cut out and stamped 60 at

a time, instead of singly: besides the time thus saved the biscuits become more

equali; baked, by tho oven being more speedily filled.
_
The mno ovens at Gosport

used to employ 45 men to produce about 1,600 lbs. of bisciut per hour
;
16 men and
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boys will now produce, by the same number of ovens, 2,240 lbs. of biscuits (one ton)

^^ThTSniparative expense is thus stated :—Under the old system, wages and wear

and tear of utensils cost about Is. 6c?. per cwt. of biscuit; under the new system, the

^Thebiohouses at Deptford, Gosport, and Plymouth could produce 7,000 or 8,000

tons of biscuits annually, at a saving of 12,000^. per annum from the cost under the

old svstem The advantages of machine-made over hand-made biscuits, therelore, are

many—quaUty, cleanliness, expedition, cheapness, and independence of Government

ria 104 represents the biscuit-machinery as executed beautifully by Messrs.

Ronmc, engineers, a is the breaker roller, table, and toller ; b, the finislung roller,

104

11 mm

table, and toller ; c c, docking machines, for stamping out the bisciiits ; d, mixing
machine for making the dough

; e, spur-pinion to engine-shaft
;

,/', spur-wheel
; ff g,

bevel mitre wheels, to give the upright motion ; h h, bevel wheels for working the

mixing machine; Hi, ditto, for communicating motion to the rolling machines, y/;
k, the crank shaft ; 1 1, connecting rods ; m m, pendulums for giving motion to rollers

;

n n, clutches for connecting either haK of the machinery to the other.

The manufacture of fancy biscuits, which in former times was confined to the
pastrycook and confectioner, has of late years assumed considerable importance, and
several firms are now exclusively engaged in this branch of industry, the products
of wliich are sold under an extraordinary variety of names. Some of these, namely,
the ' plain biscuit, arrowroot, captain, brown meal, cinnamon, caraway, vanilla biscuits,'

&c., are intelligible enough
;
but, if we except ' Abernethy biscuit, macaroons, and

cracknels,' with the names of which the public, from long usage, are familiar, the
rest of the products of the modern biscuit-baker, ' Africans, Jamaica, Queen's routs,
ratafias, Bath and other sorts of Olivers, exhibition, rings and fingers, picnics, cuddy,'
&c., &c. form a list of tipwards of eighty fanciful names, all expressive of articles of
difRsrcnt form, appearance, and taste, made of nearly the samo materials, with but
little variation in the proportion in which they are used,—the principal ingredients
in all being flour and water, butter, milk, eggs, and caraway, m;tmog, cinnamon,
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kSaM"^'fln
°° ?^ l?'""'-

"^i-oli.or orango-flowcr water, called in technical

n
^^^'o^-li'igs- Tho kneading of these materials is always performed by

ti, ICS Imfw^
""'''"S, 'J-'lio dough or paste produced is passed severalLHiics L>otwoen two revolving cylinders adjusted at a proper distance, so as to obtain

ii n.it portoctly homogeneous mass, slab, or sheet. This is transferred to a stampinc
?^\ ^^'^ cylinders, through wliich tho sheet of homo-

ickness,

8 it into

or cutters in tho frame being internally i^rovidod T^nth prongs,' pi^^Tr'tho'^cut''piS8
01 dough, or raw cakes, out of tho cutting frame, and at the same time dock tho
cakes, or cut pieces, with a series of holes, for tho subsequent escape of the moisture,
whicli, but for those vents, would distort and spoil tho cake or biscuit when put in
the oven. The tompRraturo of tho ovon should be so regidatcd as to bo perfectly
umtorm, neither too liigh nor too low, but just at such a heat as is sufficient to give
tlio biscuits a light brown colour. For such a purpose the hot-water oven of Mr.
Perkins, or tliat of Mr. Eoland, is the best that can possibly be used. (Sco Bbkad.)
Koland s ovon offers the peculiar advantage that, by turning tho screw, tho solo of
tho ovon can bo brought nearer to tho top, and atemperaturo is thus obtained suitable
for baking thoroughly, without burning, tho thinnest cakes.

_
One of the most curious branches of tho baker's craft is the manufacture of

gingerbread, which contains such a proportion of molasses that it cannot be fer-
mented by means of yeast. Its ingredients are flour, molasses or treacle, butter,
common potashes, and alum. After the butter is melted, and the potashes and alum
are dissolved in a little hot water, these tlrreo ingredients, along with tho treacle, are
poured among the flour which is to form the body of tho bread. The whole is then
incorporated by mixture and kneading into a stiff dough. Of these five constituents
tho alum is tho least essential, although it makes tho bread lighter and crispor, and
renders the process more rapid ; for gingerbread, dough requires to stand over for
several days, somo 8 or 10, before it acquires tho state of porosity which qualifies it

for the oven ; the action of the treacle and alum on the potashes, in evolving carbonic
acid, seems to be the gasifying principle of gingerbread ; for if carbonate of potash
is withhold from the mixture, the bread, when baked, resembles in hardness a piece
of wood.

Treacle is always acidulous. Carbonate of magnesia and soda may be used as
substitutes for tho potashes. Dr. Colquhoun has found that carbonate of magnesia
and tartaric acid may replace the potashes and the alum with great advantage,
affording a gingerbread fully as agreeable to the taste, and much more wholesome
than the common kind, which contains a notable quantity of potash. His pro-

portions are 1 lb. of flour, of an ounce of carbonate of magnesia, and ^ of an ounce
of tartaric acid, in addition to the treacle, butter, and aromatics, as at present

usod. The acid and alkaline earth must be well diffused through the whole
dough ; the magnesia should, in fact, be first of all mixed with the flour. Tho melted

butter, the treacle, and the acid dissolved in a little water, are poured all at once

amongst the flour, and kneaded into a consistent dough, which being set aside for half

an hour or an hour, will bo ready for the oven, and should never be kept unbaked for

more than 2 or 8 liours. The following more complete recipe is given by Dr. Colqu-

houn for making thin gingerbread cakes :—Flour 1 lb., treacle 5 lb., raw sugar ^ lb.,

butter 2 ounces, carbonate of magnesia ounce, tartaric acid ^ ounce, ginger ^ ounce,

cinnamon ^ ounce, nutmeg 1 ounce. This compound has rather more butter than

common tliin gingerbread. In addition to these, yellow ochre is frequently added by

cheap gingerbread makers, and altogether this preparation, more generally consumed

by children, is very objectionable.

Within the last few years there has been a very remarkable development of the

trade in biscuits. Biscuits of all sorts, and really many curious and agreeable

varieties, are now manufactured on a large scale, and machinery has been created to

facilitate tho process.

BISMUTH. {Bismuth, Fr. ; Wismuth, Ger.) St/mbol, Bi. ; Aiomic weight, 210.

The metal bismuth occurs chiefly in a native state, but is also found in certain combi-

nations, forming tho ores noticed in the follo-vniig list of bismuth-bearing minerals :--

muive Bismuth is whitish, -(vith a faint reddish tinge, and a metallic lustre which

is liable to tarnish. Streak, silver-white. Hardness, 2 to 2-5
;
specific gravity, 9-727.

It is brittle wlien cold, but slightly malleable when heated. It generally occurs crj-s-

talliscd or in a dendritic form. It fuses readily at 476° F. Beautiful cry.stals can bo

formed artificially by fusion and subsequent slow cooling. Tho native metal frequently

contains silver, arsenic, or tellurium. It is tho source of all tho metal used in the

arts.
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Kativo bismuth "^-2;-°^^^^ tLZ'^^'i^'^^^
aXtn at the Consolidated Mines.

Tivi'- CalSck Fclls/in Cumberland, ^vith ores of cobalt. But the most abun-

LJ source of native bismuth are the silver and cobalt mines of baxony and Bo-

SSmirSciaUy those of Schneeberg, Annaborg, Mar enberg, Altenberg, Joachimsthal

;TjohT.mU ItisalsofoundatSorato inBolma
.

.

BltuS fe^muth glance, or sulphide of bismuth, occurs either m acicular crys-

tal? orS a foliated, fibrous structure. It is isomorphous .vith st.bmte, or sulpIndo

SanL'nj^ Hardness, 2 to 2-5: specific gravity, 6-4 to 6-9 It is composed of

i Lr„,,fli SV"?:-,- siilnhiir 18-75. It fuses in the flame of a candle.

'
b" mu^^^^^^^^^^^

at Botallack, and associated with tin at St. Just,

and Sfcoppcr at the mines near Kedruth and Camborne. Largo quantities arc now

-srorkod and smelted in Soiith Australia. ^ . ,

Mar Bismuth, or Aikiniie, called also NoccUe Ore, is a plumbo-cupnferous

sulph^ ofSsmS composed of sulphur, 16 ;
bismuth, 34-62

;
lead, 35-69

;
copper,

^^Empleciile, or Tannenitc, is a rare mineral, containing sulphur, 18-83
;
bismutli,

^^
jyLrS'^Tswm^ror Tetradymite, occurs in Cumberland, at Brandy Gill, Carrock

Fells (Greg), and at Dolgelly in Merionethshire.
_

The purest varieties contain only bismuth and tellurium, in proportions represented

by the formula, Bi^ Te^ corresponding to tellurium, 48-1, and bismiith, 51-p per emit.

Other varieties contain sulphur and selenium. It is notable that tetradymite is often

found associated Avith gold.
, ^ it ht-

Bismuth Ochre.—L dull earthy mineral, found m the Royal Ecstorniel lron Mine,

and in small quantities in the parish of Eoach, in Cornwall. Its composition is stated

by Lampadius to be :—Oxide of bismuth, 86-4 ; oxide of iron, 5-1
;
carbonic acid, 4-1

;

and -water, 3-1.
. i

•
i

•
<.

Carbonate of Bismuth, or Bismutitc. This ore is composed of a mechanical mixture

of the carbonates of bismuth, of iron, and of copper.
_ _

Eulytine or hisviuth-hlende is a silicate of bismuth, occurring in small crystals in

the mines of Schneeberg, in Saxony.
_

Bismuth, which was formerly known as Marcasite and as tin-glanco, was shown to

be a metal ' somewhat different from lead' by G. Agricola, in 1546. It was studied

by Stahl and Dufay, and still more minutely by Pott and Geoffiroy, about the middle

of the last century.
i .

This metal, the demand for which is limited, is chiefly procured in Saxony, from

the mines of Schneeberg ; whore it occurs mixed with cobalt speiss, in the proportion

105 106

©o,®.o®
0 G B H

9

of about 7 per cent. In the metallurgical works at Schneeberg the metal is obtained

by means of a peculiar furnace of liq\iation. This furnace is represented in figs. 105
and 106, of which the first is a view from above, the second a view in front; and
fig. 107 is a transverse section on the dotted lino a, m, of fig. 106. a is the ash-pit;

b, the fire-place
;

c, the eliquation pipes ;
d, the grate, of masonry or brickwork, upon

which the fuel is thrown through tlie fire-door, e c. The anterior deeper-lying
orifice of the eliquation pipes is closed -wnth the clay-plate, /, which has beneath a
small circular groove, through which the liquefied metal flows off; g is a wall extend-
ing from the hoartli-solo nearly to tho anterior orifices of the liquation-pipes, iij
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which wall there are as many firo-holos, as thoro are pipes in the furnace ; i are
iron pans which rocoivo the fluid metiil ; k, a wooden wator-trough, in which the
bismuth is granulated and cooled

;
I, the posterior and liigher-lying apertures of the

oliqnation pipes, shut merely with a sheet-iron cover. The granulations of bismuth
drained from the posterior openings fall upon the flat surfaces m, and th<;n into the
wator-trough. 71 n are draught-holes in the vault between the two pipes, which servo
for increasing or diminishing the heat at pleasure.

The ores to bo eliquated (sweated) are sorted by hand from the ganguo, broken into

pieces about the size of a hazel nut, and introduced into the ignited pipes ; one charge
consisting of about ^ cwt. ; so that the pipes are filled to half their diameter, and
three-fourths of their lengtli. The sheet-iron door is shut, and the fire strongly urged,

whereby the bismuth begins to flow in ton minutes, and falls through the holes in the

clay-plates into hot pans conbiining some coal-dust. Whenever it runs slowly, the

oro is stirred round in the pipes, at intervals during half an hour, in which time the

liquation is usually finished. The residuum, called bismuth barley ( Graupen), is

scooped out with iron rakes into a water-trough ; and the pipes are charged afresh

;

the pans, when full, have their contents cast into moulds, forming bars of from 25 to

50 lbs. weight. About 20 cwt. of oro are smelted in 8 hours, with a consumption of

63 Leipsic cubic feet of wood. The bismuth thus procured by liquation upon the great

scale contains no small admixture of arsenic, iron, and some other metals, from which

it may be freed by solution in nitric acid, precipitation by water, and reduction of the

sub-nitrate by black flux. By exposing the crude bismuth for some time to a dull

red heat, under charcoal, arsenic is expelled.

Bismuth is also obtained as a by-product in treating certain ores of cobalt and

silver. A solution of the nitrate or chloride of bismuth is precipitated by addition

of water, and the basic salt thus obtained is dried and reduced with carbonate of soda

and charcoal.

Bismuth is white, and resembles antimony, but has a reddish tint ; whereas the

latter metal has a bluish cast. It is brilliant, and crystallises readily in small cube-

like forms, often hollow, which are really rhombohedra, though long mistaken for true

cubes. The beautiful iridescence often seen on specimens of crystallised bismuth is pro-

duced artificially. The metal is very brittle, and may be easily reduced to powder.

Its specific gravity is 9-83 ; and it is said that by hammering it with care, the density

may be increased to 9-8827. It melts at 516° F. (268-3° C, Eiemsdijk), and may bo

cooled 6° or 7° below this point without fixing ; but the moment it begins to solidify,

the temperatm-e rises to 480°, and continues stationary till the whole mass is con-

gealed. Bismuth, like cast-iron, expands during solidification.

When heated from 32° to 212°, it expands^ in length. When pure it afifbrds a

very valuable means of adjusting the scale of high-ranged thermometers. At strong

heats bismuth volatilises, may be distilled in close vessels, and is thus obtained in

crystalline laminse.

Bismuth is readily soluble in nitric acid, but is almost unacted on by hydrochloric

or by sulphuric acid.

Several alloys of bismuth arc used in the arts. The alloy of bismuth and lead in

equal parts has a density of 10-709, being greater than the mean of the constituents

;

it has a foliated texture, is brittle, and of the same colour as bismuth. Bismuth, with

tin, forms a compound more elastic and sonorous than the tin itself, and is, therefore,

frequently added to it by the pewterers. With 1 of bismuth and 24 of tin,_the alloy

is somewhat malleable : with more bismuth it is brittle. When much bismuth is

present, it may be easily parted by strong muriatic acid, wlilch dissolves the tin, and

leaves the bismuth in a black powder. It has been said that an aUoy of tin, bismuth,

nickel, and silver hinders iron from riisting.
, , ^. _ ,

The alloy of bismuth with tin and lead was first examined by Su- 1. Newton, and

has been called ever since fusible metal. The French give to this alloy the name of

metal fusible de B'Jrcet, and thus claim for him the merit of the discovery of it.

8 parts of bismuth, 6 of lead, and 3 of tin, melt at the moderate temperature of

202° F. • but 2 of bismuth, 1 of lead, and 1 of tin, melt at 200-75° F., according to

Eose. A small addition of mercury, or of cadmium, aids the fusibility. Such alloys

serve to take casts of anatomical preparations. The value of these bismuth-alloys tor

takinff casts is duo in great measure to their expansion in cooling—a sharp impression

being thus secured. Indeed, the behaviour of fusible metal on exposure to heat is

quite anomalous. It is said to dilate regularly from 32° to 95° F then to contract

to 131°, when it expands rapidly tiU it reaches 176°, and from that point again

expands uniformly until it fuses.
^i. 1 « i „ *v,n

An alloy of 1 bismuth, 2 tin, and 1 load, is employed as a soft solder by the

pewterers -, and the same has been proposed as a bath for tonipenng steel instrumente.

Cake-moulds for the manufacture of toilet soaps are made of the same metal
;
as also
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„ . i-.j,io fnr Kt-firoofcvr»0 of 3 load, 2 tin, and 5 bismuth—an aUoy which molts

Tlt°"'/t^s co^^^^^^^^^ bo aWod to cool upon a pioce of pasteboard till

?biome; of a doughy consistonco, before it is applied to tho mou^d to receive tho

Impresrof the 6tam|. Tliis alloy is also used for the metallic pencils for m-iting on

'^Xrpfo/m?nrof?£^^^^^^^ motal as safety to aport.iros^m

tJs of steam boilers ms proposed in Trance, on tho assumption that they jould molt

S lo w at olovations of temperature under those which would endanger the

ws£ olthe vessel, the fusibility of the alloy being proportioned to the quality of

Sm rcqdrod for the engine. It Lb boon found, however, that boilers, apparently

?r.aTthiB wav burst, while the safety discs remained entire; tho expansive force

:rre Steam cS^^^^^^^^ so suddLly. that the fusible alloy had not time to

""Ksmu^'irintorosting as being a highly diamagnetic metal. The distinction

betwermagnetic and chamagnotic bodies was established by the late Dr., Faraday

TlS mayTe familiarly explained, by stating that one class of bodies is influenced

iy ma^ets, as iron Is. being magnetic. That is, if a bar of iron was hung up

Kefthe poles of a horse-shoe magnet, it would aiTange itself along the lino which

the t4o poles; which lino has been caUod the axed hne. But if another

class of bodies bo selected, bismuth being at the head of this class, and suspended

in the same way between the poles of the magnet, they arrange themselves across

the axial line, or, as Paraday has termed it, egwatoria//?/, these bodies being called

in distinction diamagnetic bodies. See Magnetism, for a fiu-thor account of these

^^ThT^nes of Schneeberg produce annually about 4,000 kilogrammes of metallic

bismuth; those of Johanngeorgenstadt and the cobalt manes of Saxony, about 600

kilogrammes—equal to about 10,500 avoirdupois pounds.

In 1844 bismuth was sold at from iOd. to 2s. the pound ;
in 1872 it had reached

th§ hi'^h price of 30s. tho pound ; for some time this price was maintained. Up

to 1844 a large quantity of bismuth was produced in this country from cobalt ores in

the old way of refining, but a new method was then introduced which necessitated the

loss of nearly all the bismuth. In 1845 there was a large demand for a composi-

tion to make rollers for calico-printers, which advanced the price. In 1858 the supply

began to fall off, and in 1861-2 there was an increased demand for this metal for

medicinal purposes, but there has been recently a considerable reduction. A company

was formed in London, under tho guidance of a Gorman, who professed to have tho

Becrefc of transmuting the baser metals into gold. This company had Avorks in the

Belvedere Koad, Lambeth, and as bismuth was considered essential in the process,

they bought all they could lay hands on. This, it is believed, more than anything

led to the rapid increase in the price of tho metal. The supply of bismuth is in but

very few hands, and great care is taken to prevent any excess over the demand from

coming into the market
;
by this means the price is kept up.

Solid compounds of bismuth, when heated before the blowpipe with carbonate of

soda and charcoal, yield a bead of metallic bismuth, surrounded by an incrustation of

yellow oxide. Salts of bismuth in solution are recognised by becoming milky whito

when diluted with water, owing to the formation of sparingly soluble basic salts.

These basic precipitates may be distinguished from similar sub-salts of antimony by

being insoluble in tartaric acid, and by becoming black when acted on by sulphuretted

hydrogen.

In * Watts's Dictionary of Chemistry ' will be found various methods for tho

determination of bismuth. Tho following processes, however, appear so useful as to

warrant their insertion in this place :—To detect small quantities of lead in bismuth,

or in bismuth compounds. Chapman brings the somewhat flattened bead, reduced

before the blowpipe, in contact with some moist basic nitrate of teroxide of bismuth,

when, in a short time, in consequence of tho reduction of the bismuth by the lead,

arborescent sprigs of bismuth are formed around the test specimen. Since zinc and

iron interfere with this reaction, they must bo previously removed, the former by
fusion with soda, the latter with soda and borax, in tho reducing flame.

Lead and bismuth can easily be quantitatively separated from each other by the

following method, proposed by UUgron :—The solution of the two metals is pre-

cipitated by carbonate of ammonia, and tho carbonates are then dissolved by acetic

acid, and a blade of piiro lead, the weight of whicli is ascertained beforehand, is

plunged in the solution. This blade must bo completely immersed in the liquor.

Tho vessel is then corked up, and the experiment is left for several hours at rest.

Tho lead precipitates the bismuth in the metallic form. Wlien tho whole of it is

precipitated, the blado of lead is withdrawn, washed, dried, and woiglied. Tho
bismuth ia collected on a Alter, washed -witli distilled water which has boon pre-
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viously boilod, and coolod out of coutact of the air ; this metal is then treated wth
ciirbouato of iimmoiiia, iiiid the prceipitiito which is loft, alter washing and ignition,
is then weighed. The total loss of tlio metallic load employed indicates liow much
oxide of lead must bo subtracted from the total weight of the protoxide of lead
obtained.

Bismuth, Oxidhs of.—There are two well-defined oxides of bismuth—the teroxido
and the pontoxide, with an unimportant intermediate oxide. Of these compounds it is

only necessary to notice the teroxide or hisniuthous oxide EiO'' (Bi-'O'). This is found
native as bismuth-ochre, and may be readily formed by exposing the metfil to a red-
white heat in a muffle, when it takes lire, burns with a faint blue ilame, and emits fumes
which condense into a yellow pulverulent oxide. But an easier process is to ignite the
nitrate or carbonate. The oxide thus obtained lias a straw-yellow colour, and fuses
at a high heat into an opaque glass of a dark-brown or black colour ; but which
becomes less opaque and yellow after it has cooled. Its specific gravity is as high
as 8-211. It consists of 89-87 of metal and 10-13 of oxygen in 100 parts. The only
salt of this oxide used in the arts is the nitrate, which is obtained by dissolving metallic
bismuth in warm nitric acid. On largely diluting a solution of the nitrate ^ith water,
a sub-nitrate or basic-nitrate is precipitated. This precipitate was termed by the
older chemists, ' magestery of bismuth,' and is now sometimes caWaH pearl-wJute, and

" is employed as a flux for certain enamels, as it augments their fusibility, without
imparting any colour to them. Hence it is used sometimes as a vehicle of the colours

of other metallic oxides. When well washed, it is employed in gilding porcehiin

;

being added in the proportion of one-fifteenth to the gold. But pearl-white is most
used by ladies, as a cosmetic for giving a delicate whiteness to a faded complexion.
It is called blanc defard by the French, If it contains, as bismuth often does, a little

silver, it becomes grey or dingy-coloured on exposure to light. Another sort of pearl-

powder is prepared by adding a very dilute solution of common salt to the above nitric

solution of bismuth, whereby a pulverulent sub-chloride of the metal is obtained in a
light flocculent form. A similar powder of a mother-of-pearl aspect may be formed
by dropping dilute muriatic acid into the solution of nitrate of bismuth. The arsenic

always present in the bismuth of commerce is converted by nitric acid into arsenic

acid, which, forming an insoluble arsenate of bismuth, separates from the solution

unless there be such an excess of nitric acid as to re-dissolve it. Hence the medi-

cinal oxide, prepared from a rightly-made nitrate, can contain no arsenic. If we
write with a pen dipped in that solution, the dry invisible traces will become legible

on plunging the paper in water.

The nitrate of bismuth, mixed with a solution of tin and tartar, has been employed
as a mordant for dyeing lilac and violet in calico-printing.

When the oxide is prepared, by dropping the nitric solution into an alkaline lye

in excess, if this procipibite is well washed and dried, it forms an excellent medicine ;

and is given, mixed mth gum tragacanth, for the relief of cardialgia, or burning and
spasmodic pains of the stomach.

This sub-nitrate of bismuth is now commonly employed as a remedial agent, under

circumstances which are especially liable to attack the emigrant; it is, therefore,

thought advisable to give some account of its action. The following is extracted from

Pereira's ' Elements of Materia Medica,' by Bentley and Eedwood :

—

' Physiological Effects.^lw small doses it acts locally as an astringent, diminishing

secretion. On account of the frequent relief given by it in painful affections of the

stomach, it is supposed to act on the nen-es of this viscus as a sedative. It has also

been denominated tonic and antispasmodic. Vogt says, that when used as a cosmetic,

it has produced a spasmodic trembling of the face, ending in paralysis.

' Large medicinal doses disorder the digestive organs, occasioning pain, vomiting,

purging, &c. ; and sometimes affecting the nervous system, and producing giddiness,

insensibility, with cramps of the extremities. On the other hand, M. Momeret states,

after several years' trial of this medicine, that it may bo given in much larger doses

than are usually administered, and that it is then of the greatest value in gastro-

intestinal affections, especially those attended with fluxes.

' Therapeutics.—It has been principally employed in those chronic affections of the

stomach which are unaccompanied by any organic disease, but which apparently depend

on some disordered condition of the nerves of this viscus ; and hence, the efficacy of

the remedy is referred to its supposed action on those parts. It has been particularly

used and recommended to relievo gastrodynia and cramp of the stomach, to allay

sickness and vomiting, and as a remedy for pyrosis or water-brash. In the latter

disease I give it in the form of a powder, in doses of twenty grains thrice daily, in

con] unction with hydrocyanic acid mixture, and the pitient rarely fails to obtain

marked benefit from its use. It is also used in ulcer of the stomach. Dr. Theophilus

Thompson recommends it in doses of five grains, combined with gum arable aud
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• ;„ H,n (Hirrlioea accompanying phthisis, and ho thinks that both in efficacy

"^ra;. it siisos ou^ remedies for that complaint. _I have used

kitf.d^anS^^^^ formof ointment, applied to the septum nas:. :n ulceration

«f t] is nart and as a local remedy in chronic skin diseases.
, •

f

Sh of the sub-nitrate of bismuth of the shops has been found to contain mtrato

BISTRE. (Bistre, Fr. ; Bister, Gov.) A biwn colour ^'hich is used in .vater-

colours in the same ^^y as Cliina ink. It is prepared from yood-soot that of beech

preferred. The most compact and best-burned pai-cels of soot are col ccted

frrrtffchimnoy, pulvei-ised, and passed through a silk sieve. This powder is

iXsed in pure ^va e^ and stirred .frequently ^vdth a glass rod, then allowed to sett e,

lud t water decant d. If the salts are not all washed away, the process may be

™ted with warm water. The paste is now to be poured into a long narrow

teS filled with water, stirred well, and left to settle for a few minutes, in order to

let the grosser parts subside. The supernatant part is then to bo poured off into a

similar vessel. This process may be repeated twice or thrice to obtain a very good

bistre. At last the settled deposit is sufficiently fine, and, when free from its super-

natant water, it is mixed with gum-water, moulded into proper cakes and dried, it

is not used in oil-painting, but has the same effect in water-colours as brown pmk has

*ii oil

*°dV MacCuUoch objects to soot as a source of bistre, both from the carelessness

used in collecting it, and the uncertainty of tone and colour. If the hqma^ I'esem-

bling tar, obtained from the distillation of wood, be again carefully distiUed, water,

acetic acid, and hydrocarbonaceous substances, as naphtha, pass over, and leave a resi-

duum—brown or black, pitch-like, or brittle—according to the time and temperature

employed; by prolonging the heat with care, the brittle substance becomes a powder.

Dr. MacCuUoch states that, by care, bistre from wood-tiir may be obtained, haxing the

fine properties of sepia with great depth of colour.

The remarkable bronze-like varnish, with almost a metallic lustre, seen upon the

interior of Highland cottages, are bistre-deposits from the smoke of peat.

BXTTER-AIiMOlO'D OXIi. See Almond Oil.

BlTTER-AliMOlSTD WATER. Water containing the oil of bitter almonds in

solution. It should be prepared by distillation from the bitter almonds. It is how-

ever frequently made by first rubbing the essential oil of bitter almonds with mag-

nesia and mixing this with water ; or a solution of the oil in spirits of wine is simply

added to the water and they are shaken together.

BITTER CUPS. Wooden cups in which water or other liquid is allowed to

stand until it acquires a bitter taste, and thus serves medicinally as a tonic. These

cups are turned in 'bitter wood,' or wood from a West Indian tree-the Picrcena

excelsa, Ldl.,—and from other plants belonging to the quassia order.

BITTERN. The mother-liquor of sea-water left after the crystallisation of the

less soluble salts. The bittern is used as a source of bromine.

BITTER PRIKTCIPIiE. {Atncr, Fr. ; Bitterstoff, Ger.) The ' bitter principles

'

consist of bodies which may be extracted from vegetable productions by the agency

of water, alcohol, or ether. These are not of much importance in the arts, with a few

exceptions. Liqndin, the bitter principle of the hop, for example, is used for pre-

serving beer.

Quassin is the bitter principle of quassia; Absinthin, that of 'wonnwood ; and

Gentianin, that of Gentian. These are sometimes substituted for the hop.

For particulars of these, and numerous other bitter principles, see ' Watts's Dic-

tionary of Chemistry.'

The following list gives the more important of the bitter substances which have

been used in the arts and in medicine. (See the articles respectively)—

Name Part employed Counti-y Observatious

Quassia .

Wormwood
Aloe
Angustura
Orange
Acorus
Carduus benedictus .

Cascarilla

Centaury
Camomile . .

Colocynth

Wood
Herb .

_
.

Inspissated juice

Bark

Eoot
Herb
Bark
Herb
Flowers .

Fruit

Surinam, E. Indies

Great Britain

South Africa

South America
South of Europe .

Ditto .

Greek Archipelago

Jamaica
Great Britain

Ditto .

1 Levant.

Powerfully bitter

Ditto

Ditto

Ditto

Aromatic bitter

Ditto

Ditto

Ditto

Intolerably bitter
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Kanio Part omployed Coimtry Observations

Colombo .

Fumitory . . [

Gontiana lutoa .

Ground Ivy
Walnut ,

Iceland moss .

Hops

Milfoil .

Satyrion, largo-leaved

Rhubarb .

Rue
Tansy
Trefoil, bitter .

Simarouba . ,

Bryony .

Root ,

nerl)

Root
Herb
Peel
Plant
Scales of tlio fe-

male flowers

Herb, flowers .

Horb
Eoot
Horb
Herb, flowers .

Herb
Bark
Eoot .

East Africa .

Great Britain

Switzerland .

Great Britain

Ditto . . .

Ditto .

Ditto .

Ditto

Ditto

China, Turkey
Great Britain

Ditto .

Ditto .

Guiana

.

Great Britain

Very bitter

Ditto

Ditto

Ditto

Ditto with tannin
Ditto with starch

Aromatic bitter

Disagreeable odr.

Bitter and sharp
xiii\A.i ocouonbivo

Sharp.bittcr.nau-

CofFoe . . Seeds . Arabia ,

seous

Agreeable

BITTER SPAR. A carbonate of lime and carbonate of magnesia. See Dolo-
mite.

BZTUMSXer. {Bitume, Pr. ; Erdpech, Ger.)—This term, as commonly applied,
comprises a number of solid Tiscid and liquid substances, resembling pitch, tar,
naphtha and the like, and consisting mainly of native hydrocarbons, more or less
oxygenated. Most of these appear to be too variable in composition to take rank as
distinct mineralogical species, and our knowledge of the chemical constitution of many
of them is still very imperfect. Professor Dana, in the last edition of his ' System of
Mineralogy' (1868), has proposed a valuable scientific classification of the numerous
hydrocarbons occurring in nature. It seems convenient, however, for practical
purposes to adhere to the older and more popular, if less philosophical arrangement.
Bitumen comprises several distinct varieties, of which the two most important ara

asphaltum and naphtha.
AspJialtum or mineral pitch is solid, and of a black, or brownish-black, colour,

with a conchoidal brilliant fractvire. It is sometimes called Bitumen of Judea, from
its occurrence on the Dead Sea, or Lake Asphaltites, See Asphalt.

Naphtha.—^Liqviid and colourless when pure, with a bituminous odour. See
Naphtha. The darker-coloured varieties are fully described under Peteoleum.

Springs, of which the waters contain a mixture of petroleum, and the various

minerals allied to it—as bitumen, asphaltum, and pitch—are very numerous, and are,

in many cases, undoubtedly connected with subterranean heat, by the agency of which
organic remains undergo some of those remarkable changes which ultimately result

in the formation of coal. Within a few years many discoveries have been made of

sources of fluid bitumen and petroleum in both the Old and New Worlds. The im-

portance of -these natural products renders it advisable to comprehend a description of

them under one general head. In one locality there are said to be 520 wells, which

yield annually 400,000 hogsheads of petroleum. See Peteoleum.
Fluid bitumen is seen to ooze from the bottom of the sea on both sides of the island

of Trinidad, and to rise up to the surface of the water. It is stated that, about

seventy years ago, a spot of land on the western side of Trinidad, nearly half-way

between the capital and an Indian village, sank suddenly, and was immediately

replaced by a small lake of pitch. In this way, probably, was formed the celebrated

Great Pitch Lake. Sir Charles Lyell remarks :—
' The Orinoco has for ages been

rolling down great quantities of woody and vegetable bodies into the surrounding sea,

where, by the influence of cuiTents and eddies, they may be arrestod and accumulated

in particular places. The frequent occurrence of earthquakes, and other indications

of volcanic action in those parts, lend countenance to the opinion tliat these vegetable

substances may have undergone, by the agency of subterranean fire, those trans-

formations or chemical changes which produce petroleum ; and this may, by the same

causes, be forced up to the surface, where, by exposure to the air, it becomes inspissated,

and forms the different varieties of pure and earthy pitch, or asphaltum, so abundant

in the island.'

The Pitch Lake is one and a half miles in circumference ; the bitumen is solid and

cold near the shores, but gradually increases in temperature and softness towards the

centre, where it is boiling. Tho solidified bitumen appears as if it had cooled, as the
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Riirfiipa boiled in large biibbles. The ascent to the lake from the sea, a distance of three-

ou^rters of a mile, is covered with a hardened pitch, on which trees and vegetables

flm rish • and about Point la Brayo, the masses of pitch look like black rocks among the

folh^<-e -'tho lake is underlaid by a bed of mineral coal.—{Manross, quoted by Dana.)

The Earl of Dundonald remarks, that vegetation contiguous to the lake of Trini-

dad is most luxuriant. The best pine-apples in the West Indies (called black pines)

OTOW wild amid the pitch.
^i. -r, i o Ti.

"
Asphaltum, or solid bitumen, is abundant on the shores of the Dead bea. It

occurs in the mountain-limestone of Derbyshire and Shropshire, and has been found m
granite, with quartz and fluor spar, at Poldice, in Cornwall. There is a remarkable

bituminous Hme and sandstone of the region of Bechelbronn and Lobsann in Alsace.

From the observations of Daubr^e, we learn that probably this bitumen has had its

oritnn as an emanation from the interior of the earth; and indeed, in Alsace, with

theVeat elevated fissure of the sandstone of the Vosges, a fissure which was certainly

open before the deposit of the Trias, but was not yet closed during the tertiary epoch,

affording during this latter, moreover, an opportunity for the deposition of spathic

iron ore, iron pyrites, and heavy s^a,v.—Annales des Mines.
, • t.

Bituminous limestones are also found abundantly at Pyrimont, near Seyssel, in the

Dep. de I'Ain, Prance, and in the Val de Travers, Neufch^tel, in Switzerland. Both

these rocks have been worked for the sake of their bitumen.

In addition to the bituminous substances abeady mentioned—asphalt, naphtha, and

petroleum—there are a number of closely related minerals, such as pittasphalt and

maltha, or mineral tar ; elaterite or elastic bituvien ;
hatchettine, or mineral tallow,

ozocerite, &c. The more important of these are described under their respective

names.

Of ordinary bitumen, we give ultimate analyses of two specimens : one by Ebelmen,

who obtained his sample from the Auvergne ; and the other by Boussingault, of a

Peruvian specimen :

—

Anvergne. Peruvian.

Carbon .... 76-13 . . 88-63

Hydrogen
Oxygen
Nitrogen

Ash .

9-41

10-34

2-32

1-80
}

9-69

1-68

100-00 100-00

Bitumen in many of its varieties was known to the ancients. It was used by them
combined with lime, in their buildings. Not only do we find the ruined walls of

temples and palaces in the East, with the stones cemented with this material, but

some of the old Eoman castles in this country are found to hold bitumen in the

cement by which their stones are secured. At Agrigentum it was burnt in lamps, and
called ' Sicilian oil.' The Egyptians used it for embalming.

—

Dana.
On the employment of bitumen for pavements, Dr. Ure has the following remarks :

—

It is a very remarkable fact, in the history of the useful arts, that asphalt, which
was so generally employed as a solid and durable cement in the earliest constructions

upon record, as in the walls of Babylon, should for so many thousand years have
fallen well nigh into disuse among civilised nations. Eor there is certainly no class

of mineral substances so well fitted as the bituminous, by their plasticity, fusibility,

tenacity, adhesiveness to surfaces, impenetrability by water, and unchangeableness

in the atmosphere, to enter into the composition of terraces, foot-pavements, roofs,

and every kind of hydraulic work. Bitumen, combined with calcareous earth, forms

a compact semi-elastic solid which is not liable to suffer injury by the greatest

alternations of frost and thaw, which often disintegrate in a few years the hardest

stone, nor can it be ground to dust and worn away by the attrition of the feet of men
and animals, as sandstone, flags, and even blocks of granite are. An asphalt pave-

ment, rightly tempered in tenacity, solidity, and elasticity, seems to be incapable of

suffering abrasion in the most crowded thoroughfares ; a fact exemplified of late in a
few places in London, but much more extensively, and for a much longer time, in

Paris.

The groat Place de la Concorde (formerly Place Louis Quinze) is covered with a
beautiful mosaic pavement of asphalt

;
many of the promenades on the Boulevards,

formerly so filthy in wot weather, are now covered with a thin bed of bituminous
mastic, free alike from dust and mud ; the foot-paths of the Pont Eoyal and Pont
Carousel, and the areas of the great public slaughter-houses, have been for several
years paved in a similar manner with perfect success. It is much to be regretted that
the asphalt companies of London made the ill-judged, and nearly abortive, attempt
VOL.L A A

^
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to pavo the caniage-way noar tlio east oiul of Oxford Street, and especially at a tnoiBt
season, most unpropitious to tlie laying of bituminous mastic. Being formed of
blocks not more than throe or four inches tliick, many of which contiiined much
siliceous sand, such a pavement could not possibly resist the crash and vibration of
many thousand heavy drays, waggons, and omnibuses daily rolling over it. This
failure can afford, however, no argument ag.ainst rightly-constructed foot-pavements
and terraces of asphalt. Numerous expeiimonts and observations have led mo to

conclude that fossil bitumen possesses far more valuable properties for making a
durable mastic than the solid pitch obtained by boiling wood or coal tar. The latter,

when inspissated to a proper degree of hardness, becomes brittle, and may be readily

crushed into powder ; while the former, in like circumstances, retains sufficient tena-

city to resist abrasion. Factitious tar and pitch being generated by the force of fire,

seem to have a propensity to decompose by the joint agency of water and air, whereas
mineral pitch has been known to remain for ages without alteration.

Bitumen alone is not so well adapted for making a substantial mastic as the native

compound of bitumen and calcareous earth, which has been properly called asphaltic

rock, of which the richest and most extensive mine is unquestionably that of the

Val de Travers, in the canton of NeufchAtel. This interesting mineral deposit occurs

in the Jurassic limestone formation, the equivalent of the English oolite. The mine

is very accessible, and may be readily excavated by blasting with gunpowder. The
stone is massive, of irregular fracture, of a liver-brown colour, and is interspersed with

a few minute spangles of calcareous spar. Though it may be scratched with the nail,

it is difficult to break by the hammer. When exposed to a very moderate heat, it ex-

hales a fragrant ambrosial smell, a property which at once distinguishes it from all

compounds of factitious bitumen. Its specific gravity is 2-114,—water being I'OOO,

—

being nearly the density of bricks. It may be most conveniently analysedby digesting

it in successive portions of hot oil of turpentine, whereby it affords 80 parts of a white

pulverulent carbonate of lime, and 20 parts of bitumen in 100. The asphalt rock of

Val de Travers seems therefore to be far richer than that of Pyrimont, which, ac-

cording to the statement in the specification of Claridgte's patent of November, 1837,

contains 'carbonate of lime and bitumen in about the proportion of 90 parts of car-

bonate of lime to about 10 parts of bitumen.'

The calcareous matter is so intimately combined and penetrated with the bitumen

as to resist the action not only of air and water for arty length of time, but even of

muriatic acid; a circumstance partly due to the total absence of moisture in the

mineral, but chiefly to the vast incumbent pressure under which the two materials

have been incorporated in the bowels of the earth. It would indeed be a difficult

matter to combine, by artificial methods, calcareous earth thus intimately with bitu-

men, and for this reason the mastics made in this way are found to be much more

perishable. Many of the factitious asphalt cements contain a considerable quantity

of siliceous sand, from which they derive the property of cracking and crumbling down

when trodden upon. In fact, there seems to be so little attraction between siliceous

matter and bitumen, that their parts separate from each other by a very small disrup-

tive force.

Since the asphalt-rock of Val de Travers is naturally rich enough in concrete bitu-

men, it may be converted into a plastic workable mastic of excellent quality for foot-

pavements and hydraulic works at very little expense, merely by the addition of a very

small quantity of mineral or coal tar, amounting to not more than 6 or 8 per cent.

The union between these materials may be effected in an iron cauldron, by the apph-

cation of a very moderate heat, as the asphalt-bitumen readily coalesces with the tar

into a tenacious solid.
j , n

The mode adopted for making the asphalt pavement at the Place de la Con-

corde in Paris was as follows :—The ground was made uniformly smooth, either in

a horizontal plane or with a gentle slope to carry off the water ; the curb-stones

were then laid round the margin by the mason, more than 4 inches above the level ot

the ground. This hollow space was filled to a depth of 3 inches with concrete,

containing about a sixth part of hydraulic lime, well pressed upon its bed. The sur-

face was next smoothed with a thin coat of mortar. When the whole mass had be-

come perfectly cby, the mosaic pattern was set out on the surface, the moulds being

formed of flat iron bars, rings, &c., about half an inch thick, into which the tima

mastic was poured by ladles from a cauldron, and spread evenly over.

The mastic was made in the following way:—The asphalt rock was first of all

roasted in an oven, about 10 feet long and 3 broad, in order to render it friable

The bottom of the oven was sheet-iron, heated below by a brisk fire. A volatuo

matter exhaled, probably of the nature of naphtha, to the amount of one-fortieth the

weight of asphalt ; after roasting, the asphalt became so fnable as to be easily reduced



BITUMEN 365

to powder, and passed thi-ough a sieve having meshes of about one-fourth of an inch

%h"e'bitumen destined to render the asphalt fusible and plastic was melted., in small

niiantitiesata time, in an iron cauldron, and then the asphalt in powder was gradually

sdrred in to the amount of 12 or 13 times the weight of bitumen.
_

When the mixture

Lcame fluid, nearly a bucketful of very small, clean gravel, previously heated apart,

was stirred into it ;
and, as soon as the whole began to simmer with a treacly con-

sistence it was fit for use. It was transported in buckets, and poured into the moulds.

For the reasons above assigned, I consider this addition of rounded, polished, sili-

ceous stones to be very injudicious. If anything of the kind be wanted to give soh-

ditv to the pavement, it should be a granitic or hard calcareous sand, whose angular

form will secure the cohesion of the mass. I conceive also, that liquid bitumen in

moderate quantity should be used to give toughness to the asphaltic combination, and

prevent its being pulverised and abraded by friction.

In the able report of the Bastenne and Gaujac Bitumen Company, drawn up by

Messrs. Goldsmid and Eussel, these gentlemen have made an interesting comparison

between the properties of mineral tar and vegetable tar : the bitumen composed of the

latter substance, including various modifications extracted from coal and gas, has, so

far as they were able to ascertain, entirely failed. This bitumen, owing to the quali-

ties and effects of vegetable tar, becomes soft at 115° of Fahrenheit's scale, and is

brittle at the freezing point ; while the bitumen into which mineral tar enters will sus-

tain 170° of heat without injury. In the course of the winter, 1837-38, when the cold

was at 14^° below zero C, the bitumen of Bastenne and Gaujac, with which one side

of the Pont Neuf at Paris is paved, was not at all impaired, and would, apparently,

have resisted any degree of cold ; while that in some part of the Boulevard, which was

composed of vegetable tar, cracked and opened in white fissures. The French Go-

vernment, instructed by these experiments, has required, when any of the vegetable

bitumens are laid, that the pavement should be an inch and a quarter thick ; whereas,

where the bitumen composed of mineral tar is used, a tliickness of three-quarters of

an inch is deemed suflacient. The pavement of the bonding warehouses at Bordeaux

has been laid upwards of 15 years by the Bastenne Company, and is now in a condition

as perfect as when first formed. The reservoirs constructed to contain the waters of

the Seine, at Batignolles, near Paris, have been mounted six years, and notwithstanding

the intense cold of the winter of 1837, which froze the whole of their contents into one

solid mass, and the perpetual water-pressure to which they are exposed, they have not

betrayed the slightest imperfection in any point. The repairs done to the ancient for-

tifications at Bayonne have answered so well, that the Government many years ago

entered into a very large contract with the company for additional works, while the

whole of the arches of St. Germain and St. Cloud railways, and the pavements and

floorings necessary for these works, have been laid with Bastenne bitumen.

The mineral tar in the mines of Bastenne and Gaujac is easily separated from the

earthy matter with which it is naturally mixed, by the process of boiling, and is then

transported in barrels to Paris or London, being laid down in the latter place to the

company at 17^. per ton, in virtue of a monopoly of the article purchased by the Com-
pany at a sum, it is said, of 8,000?.

Mr. Hai-vey, the superintendent of the Bastenne Company, was good enough to

supply me with various samples of mineral tar, bitumen, and asphaltic rock for

analysis. The tar of Bastenne is an exceedingly viscid mass, without any earthy im-

purity. It has the consistence of baker's dough at 60° of Fahrenheit ; at 80° it yields

to the slightest pressure of the finger; at 150° it resembles a soft extract; and at

212° it has the fluidity of molasses. It is admirably adapted to give plasticity to the

calcareous asphalts.

A specimen of Egyptian asphalt which he brought me gave, by analysis, the very

same composition as the Val de Travers, namely 80 per cent, of pure carbonate of

lime, and 20 of bitumen. A specimen of mastic prepared in France was found to

consist, in 100 parts, of 29 of bitumen, 52 of carbonate of lime, and 19 of siliceous

sand. A portion of stone called the natural Bastenne rock afforded me 80 parts of

gritty siliceous matter and 20 of thick tar. The Trinidad bitumen contains a consi-

derable portion of foreign earthy matter : one specimen yielded me 26 per cent, of
siliceous sand ; a second, 28 ; a third, 20 ; and a fourth, 30 ; the remainder was pure
pitch. One specimen ofEgyptian bitumen, specific gravity 1 "2, was found to be perfectly

pure, for it dissolved in oil of turpentine without leaving any appreciable residuum.
As the specific gravity of properly made mastic is nearly double that of water, a

cubic foot of it will weigh from 125 to 130 lbs. ; and a square foot, three quarters of
an inch thick, will weigh very nearly 8 pounds.

It has boon thought advisable to preserve these remarks on bitumen, although
written several years ago, especially as the recent attempts to introduce bituminous

A A 2
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substances for paving soem likoly to bo successful. During tlio last few years, several

expoi'iiuentjil patches of asplialt-piiving havo been laid down in some of the most
active thorouglifares of tlio niotropolis. Such paving recommends itself by being

much cloanor and quieter under lioavy traffic than an ordinary granite pavement, but

has the disadvantago of becoming extremely slippery when the surface is slightly

moistened by rain. It is said, however, that this slipperiness only lasts while the

pavement is moderately damp, and that but few horses fall on the asphalt during

cither diy or tiioroughly wet weather. The liquid Val de Travers asphalt, the

Limner asphalt, andBamett's liquid asphalt are all mixed with grit or sand, and thus

present rougher surfaces than tliose pavings which consist of asphalt alone—Buch as

the ordinary compressed asphalt of the Val de Travers Company. See Pavement,

AspiiAXT and Mastic.
BXTUMIZO'O'U'S COAL Coal rich in bituminous matter. Pitch or caking coal,

cherry coal, splint coal, cannel coal, coking coal, and some others, are varieties of

bituminous coal. See Coal.

BIXXM'E and BIXEXITE. Two conditions of the colouring-matter of Arnatto,

according to Preisser. See Arnatto.

BXiACK AMBER. Pitch coal is so called by the amber-diggers of Prussia,

and it is manufactured by them into jet-like ornaments.

BXiACX. BAND. A variety of the carbonate of iron, to whicli attention was first

called by Mr. Mushet at the commencement of the present century. The iron manu-

facture of Scotland owes its present important position to the discovery of the value

of the black-band ironstone. This ore of iron is also found in several parts of the

coal-basin of South "Wales, and in the north of Ireland. The chemical composition of

the black-band iron ores will be given in connection with that of other minerals of

the same class. See Ibon Ores.

BIiACX CBAXiK. A kind of clay containing a large amount of carbon. It is

found in Carnarvonshire and in the Island of Islay.

BIiACK COAll. Slate coal, cannel coal, and foliated coal, were so called by

Jameson and other mineralogists of his day.

BXiACK-COBAXiT OCKSE. See Cobalt, Eabtht.

BIiACX, COPPER. An impure black oxide of copper. See Copper.

BIiACK BYE. {Teinte noire, Fv. ; Schwarze Farbe, Ger.) Textile fabrics are

dyed by various processes, according to the quality of the black required, and the kind

of stuff on which the dye is to be produced. Under Aniline-Black the process by

which that black dye is prepared is already described ; but the following process for

using an aniline-black as a dye for cotton goods by M. J. Persol properly finds its

Chemists have long tried to make use of the beautiful black precipitate produced

by the action of bichromate of potassa for the solution of certain aniline salts as a

dye for calicoes, but without success ; if the solution was concentrated, the black was

soon precipitated to the bottom of the bath ;
if, on the other hand, it was dilute, the

black, owing to the absence of a sufficiently powerful oxidation, was not formed at

all, or in insufficient quantity.
, , • 14.

' This trouble it was attempted to remove by cooling down the solutions nearly to

zero But this produced another difficulty, the chromate of aniline crystallising out

at that temperature when the solutions were sufficiently concentrated to produce the

desired dye Wherever these spots existed in the cloth on subsequent drying, a mutual

reaction took place between the constituents of the chromate of aniline, causing such

a rise of temperature as not unfrequently to set fire to the cloth.

« To overcome these various difficulties the following expedients were adopted :—

Bv means of a horizontal brush, to which a reciprocating motion was given m a vertical

direction, the solutions, either together or one after the other, were cast upon the

cloth while tightly stretxihed, in the form of a fine spray. By this means, however

rapidlv the reaction took place, it could not possibly do so until the solutions were

intimately mixed together upon the cloth, the latter being at the same time thoroughly

'^^''^TheTalts^found to be most suitable for this reaction are the sulphate, hydrochlo-

ride and tTie nitrate. No black is obtainable with the acetate ;
and the tartrate,

oxalate, and citrate are more or less unfitted for the production of a good colour

' S a too nearly neutral solution is used there is great difficulty in producing the

coloii- if the solutions are too acid the black is formed so rapidly that the solutions

have not time to mix sufficiently and to penetrate the cloth.
j „:f^-

^As the result of numerous experiments with hydrochloric, sulphuric, and nit^c

acid sX the author came to the conclusion that The
^^^.^^^^^f/j^^J^^^^

aniline salts was ineffective. 2. The bi-acid amline salte espec ally the b>BUIphate

giv. good results. Of the tri-acid salts the hydrochlorido is tlie best. 3. The sul
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phatos give a reddish black ; the hydrochloric and nitric acid salts yield a black -with

a blue lustre. 4. Equal volumes of bi -sulphate and bi-hydrochlorido of aniline giva

excellent results. 6. The bi-chromato of potash solution must be concentrated, con-

taining not less than 80 grammes of salt to the litre.

'A dark green is first produced on passing the cloth into a hot-soap bath. After

washing it thoroughly this passes into pure black.

'By printing the cloth with fatty matters or resins, previous to the application of

the dyeing solutions, white patterns on a black ground can be obtained.'

The following processes for dyeing woollen stuff will be found to produce excellent

results. For 1 cwt. of cloth previously dyed blue :—There is put into a boiler of

middle size, 18 lbs. of logwood, with the same quantity of Aleppo galls, the whole
being enclosed in a bag ; this is boiled in a sufficient quantity of water for 12 hours :

one-third of this decoction is transferred into another boiler with 2 pounds of verdi-

gris ; and the stuff is passed through this solution, stirring it continually during two
hours, taking care to keep the bath very hot without boiling. The stuff is then lifted

out, another third of the bath is added to the boiler, along with 8 pounds of sulphate
of iron or green vitriol. The fire is to be lowered while the sulphate dissolves, and
the bath is allowed to cool for half an hour, after which the stuff is introduced, and
well moved about for an hour, and then it is taken out to air. Lastly, the remain-
ing third of the bath is added to the other two, taking care to squeeze the bag well.
18 or 22 lbs. of simiach are thrown in ; the whole is just brought to a boil, and
then refreshed with a little cold water ; 2 pounds more of sulphate of iron are added,
after which the stuff is turned through for an hour. It is next washed, aired, and
put again into the bath, stirring it continually for an hour. After this, it is carried to
the river, washed well, and then fulled. Whenever the water runs off clear, a
bath is prepared with weld, which is made to boil for an instant ; and after refresh-
ing the bath, the stuff is turned in to soften, and to render the black more fast.
In this manner a very beautiful black is obtained, without rendering the cloth too
harsh.

Conmionly, more simple processes are employed. Thus the blue cloth is simply
.turned through a bath of gall-nuts, where it is boiled for two hours. It is next passed
through a bath of logwood and sidphate of iron for two hours, without boiling, after
which it is washed and fulled. But in all cases the cloth, after passing through the
blue vat,_ should be thoroughly washed, because the least remains of its alkalinity
woidd injui-e the tone to be given in the black copper.

Hellot found that the dyeing might be performed in the following manner —For
20 yards of dark blue cloth a bath is made of 2 lbs. of fustic {Machtra tinctoria), 4i lbs
of logwood, and 11 lbs. sumach. After boiling the cloth in it for three hours it is
lifted out, 11 lbs. of sidphate of iron are thrown into the boiler, and the cloth is then
passed through it during two hours. It is now aired, and put again in the bath for
an hour. It is, lastly, washed and scoured. The black is less velvety than that by
the preceding process. Experience convinced him that the maddering prescribed in
the ancient regulations only gives a reddish cast to the black, which is obtained finer
and more velvety without madder.

According to Lewis, the proportions which the English dyers most generally adopt
are, for 112 lbs. of woollen cloth, previously dyed of a dark blue, about 5 lbs. of sul-
phate of iron, as much gall-nuts, and 30 lbs. of logwood. They begin by galling the
cloth

;
they then pass it through the decoction of logwood to which the sulphate of

iron has been added. ^

When the cloth is completely dyed, it is washed in the river, and passed through the
funing-mill till the water runs off clear and colourless. Some persons recommend, for
fine cloths, to fuU them with soap-water. This operation requires an expert workman,who can free the cloth thoroughly from the soap. Several recommend, at its coming
trom the fulling, to pass the cloth through a bath of weld, with the view of givinij soft-
ness and solidity to the black. Lewis says, that passing the cloth through weld after
It has been treated with soap, is absolutely useless, although it may bo beneficial when
this operation has been neglected.
The following German process is cheap and good. 100 lbs. of cloth or wool areput into the copper with sufficient water and 15 lbs. of Salzburg vitriol (potash-sul-

phate of iron) and 5 lbs. of argol, heating the bath gradually to boiling while thogoods are well worked about for two hours, taking them out, and layini them in acool place for twenty-four hours. They are then to be put in a lukewarm bath ofrom 25 to 30 lbs. of logwood and 10 lbs. of fustic, and to be wked En whi^o1 18 made to boil during two hours. The goods are now removed, and there i7 putnto the copper 1^ lbs. of verdigris dissolved in vinegar ; tho goods are restored^ ^proved bath, and turned in it for half an hour, after wl4 they LorS and



858 BLACK DYE

Tho process for dyeing niorinos black is, for 100 lbs. of them to put 10 lbs. of cop-

peras into tho bath of pure water, and to work therein for a quarter of an hour, as

soon as it is tepid, one-third of tho goods ; then to replace that portion by the second,

and after another quarter of an hour, to put in tho last third. Each portion is to bo

laid aside to air in tho cold. Tho bath being next heated to 140° l\, the merinos

are to bo treated as above piecemeal ; but tho third time it is to bo passed through

tho bath at a boiling heat. Being now well mordanted, the goods are laid aside to air

till the following day. Tho copper being charged with water, 60 lbs. of ground log-

wood, and 2 lbs. of argol, and heated, the goods are to be passed through, while boiling,

for half an hour. They are then rinsed.

Different operations may be distinguished in dyeing silk black : tho boihng of the

silk,—its galling,—tho preparation of the bath,—tho operation of dyeing,—the

softening of the black.

Silk naturally contains a gummy substance, which gives it the stiffness and elas-

ticity peculiar to it in its native state ; but this adds nothing to the strength of the

silk, which is then styled raw ; it rather renders it, indeed, more apt to wear out by

the stiffness which it communicates ; and although raw silk more readily takes a black

colour, yet the black is not so perfect in intensity, nor does it so well resist the

reagents capable of dissolving the colouring particles, as silk which is scoured or

deprived of its gum.
. , » ,

To cleanse silk intended for black, it is usually boiled four or five hours with one-

fifth of its weight of white soap, after which it is carefully beetled and washed.

For the galling, nut-galls equal nearly to three-fourths of the_weight of the silk

are boiled during three or four hours ; but on account of the price of Aleppo galls,

more or less of tho white gall-nuts, or of oven an inferior kind called galon, berry or

apple galls, are used. The proportion commonly employed at Paris is two parts of

Aleppo galls to from eight to ten parts of galon. After the boiling, the galls are

allowed to settle for about two hours. The silk is then plunged into the bath, and

left in it from twelve to thirty-six hours, after which it is taken out and washed m

Si^li is' capable of combining with quantities, more or less considerable, of the astrin-

gent principle ; whence results a considerable increase of weight, not only from the

weight of the astringent principle, but also from that of the colouring particles,^which

subsequently fix themselves in proportion to the quantity of the astringent pnnciple

which had entered into combination. Consequently, the processes are varied accord-

ing to the degree of weight which it is wished to commumcate to the silk ;
a circum-

stance requiring some illustration. u -i.!. i.

The commerce of silk goods is carried on in two ways : they are sold either by

the weight, or by the surface, that is, by measure. Thus the trade of Tours was

formerly distinguished from that of Lyons ; the silks of the former being sold by

weight those of the latter by measure. It was therefore their interest to surcharge

the weight at Tours, and, on the contrary, to be sparing of the dyeing ingredients at

Lyons: whence came the distinction of light black and heavy black. At_ present,

both methods of dyeing are practised at Lyons, the two modes of sale having been

^'^Silk'loi?neariy a fourth of its weight by a thorough boiling and it resumes, in the

light black dye, one-half of this loss ; but in the hea^-y black dye, it takes sometimes

upwards of a fifth more than its primitive weight-a surcharge injurious to the beauty

ofThe black and the durability of the stuff. , The surcharged kmc is

"^^^^e |J
English black, because it is pretended that it was practised m England. Since silk

dyed with a g^eat surcharge has not a beautiful black, it is usually destined for weft.W ^^^^^^^^ t^h«o heavy black consists in leavingjhe

silk longer in the gall-liquor, in repeating the gaUiBg, in passing the silk a grea^r

number of times through the dye, and even letting it lie in it for some time. The first

^aUinJi?uraTly n^ galls which have served for a preceding operation, and

ffKlirtfareTmployed f?r the second. But these methods would not be s>^^

cient for riving a great surcharge, such as is found ,n what is called the Engbsh

Mack TfSvf it this weight, the silk is galled without being ungummed ;

and on

JSg out of ISe galFs it is^reAdered supple by being worked on the jac* and pin

The silk dyers keep a black vat, and its very complex composition ^^nes in different

dylh:uts. 'These Ls are commonly established
^-^ J^y^^^^^ a%lT^ men

black dye is exhausted it is renovated by what ^l^^'^^^
^^'^^.J

the deposit which has accumulated m it is too
S^'^f

-
isjaken out^so tjawt

of a certain time nothing remains of the several ingredients wiucn compose

primitive bath,, but which are not em^^^^^^
,f g,Us

For tho dyeing of raw silk black, it is g<iuou i-ui ,
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which has already served for the black of boiled silk. Tor this purpose, silk, in its

native yellow colour, is made choice of. It should bo remarked, that when it is de-

sired to preserve a portion of the gum of the silk, which is afterwards made flexible,

the galling is given with the hot bath of gall-nuts in the ordinary manner. But here,

where the whole gum of the silk, and its concomitant elasticity, are to be preserved,

the galling is made cold. If the infusion of galls be weak, the silk is left in it for

several days.

Silk thus prepared and washed takes very easily the black dye, and the rinsing in

a little water, to which sulphate of iron may be added, is sufficient. The dye is

made cold ; but, according to the greater or less strength of the rinsings, it requires

more or less time. Occasionally three or four days are necessary ; after which it

is washed, it is beetled once or twice, and it is then dried without wringing, to avoid

softening.

Any of these processes will produce a black without the goods being previously dyed
blue, but generally when such common blacks, as they are technically termed, are dyed,

more of the dye drugs are required, and also a little modification in the operations.

Sometimes they are ' bottomed ' or ' rooted,' by first working them in a decoction of

walnut-husks, and then dyed as above ;—or, a good black may be dyed without any
previous rooting, by working 1 cwt. of the stuff, for an hour, at a heat of 190°, in 6

lbs. of camwood : 6 lbs. of copperas are then added, and the stuff worked for another
hour ; the fire is then withdrawn from the boiler, and the stuff allowed to remain in
the liquor for 10 or 12 hours. It is washed from this, and worked in a second bath
with 60 lbs. of logwood for an hour and a half, then add 3 lbs. of copperas, and after
another hour's working, it is washed.

Bichromate of potash is also used for dyeing blacks upon wool. A very good colour
may be dyed direct by working, for 2 hours, 1 cwt. of the stuff in a solution of 5 lbs. of
bichromate, 4 lbs. of alum, and 3 lbs. of fustic, then exposing it for an hour and wash-
ing well. It is again wrought for 2 hours, in a second bath, made up with 45 lbs. of
logwood, 3 lbs. of barwood or camwood, and 3 lbs. of fustic ; then adding 3 lbs. of
copperas, and after half an hour's longer working, the dye is finished. A much
cheaper blue black than that produced by previously dyeing the stuff in the indigo vat,
is obtained by using a Prussian blue, and then proceeding as directed above.
Eaw silk may be more quickly dyed by shaking it round the rods in the cold bath

after the galling, airing it, and repeating these manipulations several times, after
which it is washed and dried.

Macquer describes a more simple process for the black by which velvet is dyed at
Genoa

:
and he says that this process, rendered still simpler, has had complete suc-

cess at Tours. The following is his description.
For 1 cwt. (60 kilogrammes) silk, 22 lbs. (11 kilogrammes) of Aleppo galls, in

powder, are boiled for an hour in a sufficient quantity of water. The bath is allowed
to settle till the galls have fallen to the bottom of the boiler, from which they are
withdrawn

;
after which 32 lbs. of copperas are introduced, and 22 lbs. of country

gum, put into a kind of two-handled colander, pierced everywhere with holes. This
kettle is suspended by two rods in the boiler, so as not to reach the bottom. The
gum IS left to dissolve for about an hour, stirring it from time to time. If, after this
time, some gum remains m the kettle, it is a proof that the bath, which contains two
hogsheads, has taken as much of it as is necessary. K, on the contrary, the whole
gum IS dissolved, from 1 to 4 lbs. more may be added. This colander is left constantly
suspended m the boiler, from which it is removed only when the dyeing is going on

;

and afterwards it is replaced. During all these operations the boiler must be kept
hot, but without boiling. The galling of the silk is performed with one-third of
iSJeppo gaUs. The silk is left in it for six hours the first time, then for twelve hours.
The rest, secundum artem.

Lewis states that he has repeated this process in the small way; and that, by adding
sulphate of iron progressively, and repeating the immersion of the silk a great number
of times, he eventually obtained a fine black.

_
Astringents differ from one another as to the quantity of the principle which enters

into combination with the oxide of iron. Hence, the proportion of the sulphate or
of any other salt of iron, and that of the astringents, should vary according to the
astringents made use of, and according to their respective quantities. Gall-nut is the
substance which contains most of the astringent principle

; sumach, which seems
second to it m this respect, throws down (decomposes), however, only half as much
sulphate of iron.

The most suitable proportion of sulphate of iron appears to be that which corresponds
to the quantity of the astringent matter, so that the whole iron precipitable bv theastringent may be thrown down, and the whole astringent principle may be takenup in combination with the iron. As it is not possible, however, to arrive at euch
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precision, it is bottor that tho sulphato of iron should predominate, because the as-

tringent, w'lien in excess, counteracts the precipitation of tho black colouring par-
ticles, and has tho property of even dissolving them.

This action of tho astringent is sucli that, if a pattern of black cloth bo boiled with
gall-nuts, it is reducible to grey. An observation of Lewis may thence be explained.

If cloth bo turned several times through the colouring bath, after it has taken a

good black colour, instead of obtaining more body, it is weakened, and becomes

brownish. Too considerable a quantity of the ingredients produces the same efifect

;

to which the sulphuric acid, set at liberty by tho precipitation of the oxide of iron,

contributes.

It is merely the highly oxidised sulphato which is decomposed by tho astringent

;

whence it appears that tho sulphate will produce a different effect according to its

state of oxidation, and call for other proportions. Some ad^^se, therefore, to follow

tho method of Proust, employing it in tho oxidised state ; but in this case it is only

partially decomposed, and another part is brought, by the action of tho astringent,

into tho lower degree of oxidation.

Tho particles precipitated by the mixture of an astringent and sulphate of iron have

not at first a deep colour ; but they pass to a black by contact of air while they are

moist.

Black dye is only a very condensed colour, and it assumes more intensity from

the mixture of different colours likewise deep. It is for this reason advantageous

to unite several astringents, each combination of which produces a different shade.

But blue appears the colour most conducive to this effect, and it corrects tho

tendency to dun, which is remarked in the black produced on stuffs by the other

astringents.

On this property is founded the practice of giving a blue ground to black cloths,

which acquire more beauty and solidity the deeper the blue._ Another advantage of

this practice is to diminish the quantity of sulphuric acid which is necessarily disen-

gaged by the precipitation of the black particles, and which would not only counteract

their fixation, but would further weaken the stuff, and give it harshness. For common

stuffs, a portion of the effect of the blue ground is produced by the rooting.

The mixture of logwood with astringents contribiites to the beauty of the black m
a twofold way. It produces molecules of a hue different from what the astringents

do, and particiilarly blue molecules, with the acetate of copper, commonly employed

in the black dyes ; which appears to be more useful the more acetate the verdigns

made use of contains.
, . „ .,^.-1.1

The boil of weld by which the dye of black cloth is frequently fimshed, may also

contribute to its beauty, by the shade peculiar to its combination. It has, moreover,

the advantage of giving softness to the stuffs. . r

The processes that are employed for wool yield, according to the observation oi

Lewis, only a rusty black to silk ; and cotton is hardly dyed by the processes proper

for wool and silk. Let us endeavour to ascertain the conditions which these three

varieties of dyeing demand.
_ 1 *. i, -^oi

Wool has a great tendency to combine with colouring substances ;
but its paysuai

nature requires its combinations to be made in general at a high temperature, ihe

combination of the black molecules may therefore be directly effected in a bath, in

proportion as they form; and, if the operation be prolonged
ty/^Jf^^S^te and

only with the view of changing the necessary oxidation of the sulphate ana

auamenting that of the colouring particles themselves.

iSk has not the same disposition to unite with the black particles. It seems to be

assisted by the agency of the tannin, with which it is previously impregnated espe-

Slyafter it ha^s been scom-ed. A very deep black may be obtained upon 100 bj

of silk bv working it for two hours in a solution of 20 lbs. of copperas and 3 pints

of rdtote^oliron
° Wash from this thoroughly, and then wash for tjo hours more m

a decoction of 100 lbs. of logwood and 20 lbs. of fustic. Lift up, and add to the bath

a solution of 3 lbs. of copperas, and work half an hour longer, and wash. A beau-

tifulS Sue-black is produced by dyeing the silk a deep royal b^e,

for an hour in a solution of copperas (2 ounces to the pound of ™^°fX
this and working in a bath of logwood, using half a pound to ^^-^^ P?^°/

J™
and adSng, aftfr an hour's working, a few ounces of copperas; working half

hour longer, and finishing.
, „ ».„ ;nmreffnat6d or com-

Cotton has no affinity for the black dye, and has always to be ^^P^^S^^^^^^^

bined with astringent substances, m order to produce the
^JJ f

6°
,f

will bo imparted to 100 lbs. of cotton by steeping t
passing it

sumach, at a boiling heat, and allowing it to stand till
V^f^^^l^^^' solution of

through lime-water, and, immediately after this, J^^^'
^PJ.^thenTass tLolb limo-

20 lbs. of copperas. Aftor this, expose for an hoiu: to tho air
,
then pass turougn
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u worV fnv an hour in a batli of 30 lbs. of logwood and 10 lbs.

TfsriifraSV 3« ^-S-' ^"^^

ri.WX. Sgo Assaying.

TTWMATITB. An ore of IVIanganesb. ^ , , . .. „ .

^^^SiSf^OR SHOES. (Cira^c Fr.; 5cA«^scW^e, Ger.)
BRACKING FOR SHu*.».

^ ^ conerally bone-black, and substances

Blacking consists of a black '^"lo^^^f'^fjl^' ^^-f^^ usual method is to mix
that acq^re a gloss by friction, such ^^^ar and o^ ine us

^^^^ ^^^^

the bone-black with sperm-oil;
^^^f^' ^^^S^ Vhe acid prod;ces sulphate

stirred in, and strong B^lpJ^/^
f ''^^^f^ SbTe : a tenacious paste is formed by

of Ume and acid phosphate of 1™^'
T^f^';^^^ oil serving to render the leather

;Sbt«itHq^u?dr^^^^^^

Sis yS£hT2™of LlpLric acid are to be now added in small successive quan-

£es ™th pive^^^^^^ for haK an hour. The blacking thus compounded is

aSwed to sS for U days'it being stirred half an houx ^-^y^-\^^^^^^ ^f.
Hmfl 3 lbs of finely ground gum arable are added; after which the stirring is re

Sed £if anS ^ery day for 14 days longer, when the Uqiiid blacking is ready

L use. In making the paste blacking, the patentees prescribe the above quantity of

ndia-nibber oil, iv?ry-black, molasses, and gum arable, the l^^^er ^^eing <Jssolved in

only 12 lbs. of vinegar. These ingredients are to be weU mixed and tlien ground

together in a mill till they form a perfectly smooth paste. To_ this paste 12 lbs. of

sidphuric acid are to be added in small quantities at a time, with powerful stirring,

which is to be continued for half an hour after the last portion of the acid has been

introduced. This paste wiU be found fit for use in about seven days._

BIiACK-3'A.CK. The miner's name for blende, or sulphide ol zinc, bee Z-iNC.

BIiACIC XiEAD. The common name of Pitjmbago or Geaphite.

BI.ACK-X.EAD PEXO-CXXiS. See Pencil Mantjpactuee.

BIiACiC TIN". The miner's name for tin ore ready for the smelter. See Tm.

BIiACSC WABD. One of the ores of manganese. See Manganese.

BI.ABDER. (
Vessie, Pr. ; Blase, Ger.) A bag or sack, in animals, which serves

as the receptacle of some secreted fluid. Bladders are chiefly employed for secm-mg

jars, bottles, &c. . , . i i i

BXiANKET. {Blanchet. Pr.) A cover for a bed made of coarse wool loosely

woven. Among printers the woollen cloth which is placed between the tympans is

called a blanket.

Blankets are largely used in Californian gold-quartz mining, for catching the par-

ticles of metal as they escape from the stamping mill. These blanlcets are generally

of a coarse grey wool, and are woven expressly for the miner, at the woollen mills on

the coast. They are made about 30 inches wide, and are spread over blanket-boards,

or shallow wooden troughs, each about 16 inches wide, 3 inches deep, and from 9 to

12 feet long, and inclined in the direction of their length at an angle of from 3° or 4

to 15° to the horizon. The finely pulverised ore, suspended in water, is carried m a

current, from the battery-box, over the surface of a series of these blankets. In this

way a larger proportion of the gold and auriferous pyrites, or of the gold-amalgam if

mercury has been used in the battery, becomes entangled in the fibres of the fabric.

Any particles that may escape are finally retained by a system of amalgamated copper

riffles over which the current of water is generally caused to flow after leaving the

blankets. The blankets, charged with finely-divided metal, are frequently washed

(the upper ones, on which the heaviest sand is deposited, being in some cases washed

every quarter of an hour), and the residue from the washings is then amalgamated.

It has been' attempted, but without success, to substitute ox-hides or sheepsldns for

the blankets. See Woollen Manufactures.

BIiAST. The current of air driven into a furnace ; it may be either cold or hot

air. See Hot Blast,
BXiAST-FTTBN'ACE. A furnace into which air is forcibly blown. See Iron,

Metallurgy.
Bl.AST-HOIiES. A mining term. The holes through which the water enters

the bottom of a pump in the mines.
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BZ.ASTIiO'G. Tho process of rending rocks by the use of some explosive compound, as frunp,,\vaor. Soo Minikg.

i "sivo com-

f
^^^^^^^^f^ {Blaticlicment, Pr.

;
Blcichen, Gor.) is tho process by which thfltoxtUo lilamonts, cotton, flax, hemp, wool, silk, and tho cloths mudo of them, as wellas various vegetable and animal substances, are deprived of their natural colour andrendered nearly or altogetlier white. The terra bleaching comes from tho French

verb hlanchir, to whiten.
The principal bleaching agents, besides alkalis, are chlorine, sulphurous acid, and

tho combined action of air and light. These are destroyers of colour. The chief
agents for removing colours which do not require to be previously decomposed, are
alkalis. The principal amount of the colouring-materials are removed from the cloth
by washing -svith alka,lis : the last tint of whiteness is not removable by this means
and it is to this last tint that tho word bleaching has been more definitely applied.

In ancient times bleaching, washing, and fulling were not distinctly separated •

they were all practised. "We read in the Scriptures of ' fine linen, white and clean,'
and^ in Greek authors, of fraw linen,' of which towels were made, as well as of
'shining fine linen,' for the same purpose, thus at once making the distinction.'
The pure whito was apparently not so common as with us. A pure surface was
however, needful, in order to produce good colours, for which we are bound to give
the ancients credit, as we know they were acquainted with them as pigments, and
are not, therefore, to be suspected of being unable to distinguish good from bad,
when transferred to textile fabrics. As their words for white and for colour are
plain enough in general, we must conclude that they had the power of obtaining
both fine whites and finely-dyed cloth; handkerchiefs were tied about the head
in various ways, as now in Lancashire, white and coloured. The Babylonians wore
white cloaks.* By their method of washing, the discovery of bleaching was inevitable,
the cloth being washed and dried several times in the sun. But it was not left in the
state of an accident only ; the word insolatio7i shows that the effects of the sun had
been observed and classified, and this is stated to have been the chief method, as it is

now, of bleaching wax. Egypt and the East seem to have been the teachers in

bleaching. From Egypt were obtained alkalis, and soda mixed with lime. Both limo
and alkalis were used in the process. Potashes, or the ashes of plants, were also used,

and soap-plants, in all probability of various kinds, as it is not easy to decide on one.

Tlie Saponaria officinalis, soap-wort, is still used, and the wake-robin or cuckowpint.
Arum maculcctum ; the Gypsophila Struthium was considered by Linnaeus to be the

ancient one, and is still called Lanaria in Italy. Nor do we require to suppose that

this plant was first incinerated, as has been supposed, in the case of Borith, the fuller's

soap of the Bible. Vegetable decoctions are still used in China to bleach silk, and in

Prance also ; some have been patented even in England, although but little used.

The Latin method of obtaining white cloth is very well preserved, and as they got their

caustic soda from Egypt, it is probable that they got also their process thence ; nor is

it at all likely that Nicias of Megara invented fulling, as it was evidently well known
before the existence of any well-founded Greek tradition. Pictures exist in Pompeii

of men dancing the fuller's dance, or stamping cloth with their feet, as women now
practise in Scotland. Moderate-sized tubs were used : the clothes seem occasionally

to have been taken up by the hand, in order that they might be well turned. They
were then treated with ammoniacal liquors and soda. Urine was highly esteemed for

the purpose. The fullers obtained it by placing vessels at the corners of the streets,

which were removed when filled ; this practice acting at the same time as a sanitary

precaution. The same method of carefully collecting this fluid, or ' old lant,' as it is

called, exists in the woollen districts of Lancashire and Yorkshire. A tax was laid

on it by Vespasian, so that the fullers might not receive it without payment. The

cloth was then sulphured, if it was intended to be white : this process was performed

under a conical frame like a small tent, the cloth being spread round the frame, and

a vessel of sulphur burned under it.' Potter's earth was then used according to cir-

cumstances. The fuller seems to have been a bleacher as well as domestic laundry-

man. He had, therefore, white as well as coloured dresses to deal with. For the

first he used Sardinian potter's earth, which could not be employed for prints or such

colours as easily changed (versicolores). For coloured cloth, sulphur was not used

by the potters, but fine Cimolian earth. The potter's earth seems to have been used

both before and after sulphuring, according to circumstances. This second process is

allied partly to our mode of chalking white dresses, still somewhat in iise: but more

strongly allied to what is called dressing, stiffening, and finishing. Plmy says that

tho Umbrian earth was only used for polishing vestments, also that it softened fine

colours and gavo lustre to those that were faded in sulphuring. This shows that

' Philoxenus in Athenieus, ix. 77.
, , „ ,

°
^P*^"

' Pompeii drawings ; soo Smith's Dictionary, Lardner's Cyclopredla.
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sulphuring, by ™ng by carm g, y
^^^^^^^ ^^^^^^^ garments of thas

? p resses Woo°^
t^f^Zjmones seem in oldjtjy to have can mo^e a^ent.ve on.

seldom done
f
' home excep^^^^^^

and gi-eat pains taken to obtain it. Coloured cloth
Whiteness msve^ much e^^^^^^

great, that those who were

Zrvo:rTi:::A^MZ rubbed them with a w^te fuller's earth, so as on

'"SslnTndlnft^^e^^^^^^ good deal of washing, so much oil being used;

alkaHs alone coSd remove tMs, and ptople that used soft feather-beds, and pillows

^^fsank under the weight of the head, would not be behind m having them a so

S^ened In India the mode was different from that used m the western world.

STeparatL fS printing was a series of washings, beatings, and exposure to the

Jun JsCll as wearing next the skin, and steeping in goats' and sheeps' dung.

Wearing next the skin was probably instead of the f'^^WOC^'^^^
l^^yj^^-

Bleachin- with boiled rice-water was practised in India In Jamaica the aloe was

Sed and in China a bean is employed : this is smaller ^t-/^^
J-^^^ ^f,^; ^^J^

part^ are used to five of salt, six of flour, and twenty-five of water this is for raw

ST The exact action of the vegetable method on the coloimng-matter is no weU

known ; but it must not be ignored. The decompositions of fermentation and putre-

faction have a great power of propagating themselves ;
we can, in fact, readily

conceive the decomposition of gums by such means, provided they are not resinous

matters, consisting chiefly of carbon and hydrogen. Mucilaginous plants are even

now in some places used, and have been recommended also in the most modern times.

It is. therefore, not easy to see why so much difficulty has been raised amongst

chemical historians as to the use of plants in washing and b eaching. Vegetable pro-

ducts, such as oatmeal. &c., have powerful detergent qualities, and leave the skin

exceedingly soft. In general we may conclude that these vegetable infusions and

alkalis were the means of bleaching in ancient times, the influence of the sun being

also employed. At present, alkalis are more generally used. Washing with alkalis is

really the most important part of the process. The soaps of the ancients were also

vegetable, or alkaline, or both
;
they were a tr/i^TM*. but not a true soap, m general at

least.—Pawfes Mgincta, Notes by Adams.
• ti.

Until modern times no improvements of great importance took place attectmg the

principles of bleaching ; and even now the only modern changes consist in the intro-

duction of chlorine and machinery, to which may be added the greater abundance of

soap. In the last century, Holland obtained the best name for bleaching. The process

passed then to Ireland and Scotland, and thence into England. It was even customary

to send goods from this country to be bleached in Holland. The first attempt to vie

with Holland was made in Scotland in 1749.

We find in the patent lists many crude efforts made to improve the art. Alkalis

and acids are recommended in various forms, and such a variety of substances as

tartar, saltpetre, sal-ammoniac, marl, loam. clay, mud, chalk, fuller's earth, oyster-

shells, soot, turf, and ashes, with a great variety of washing machines.

The value of the plan in Holland was ascribed to the ashes of Muscovy (Kussian

potash) and the sea-water; but it is evident from the description, that it was not sea-,

but very pure fresh water which was used. The Dutch process is thus described :—
' When a piece of linen is to be bleached, it is in the first place steeped in a lixivium,

or lye, where other cloth has been trod ; afterwards it is trod in a new lye of ashes

poured upon it boiling hot. This is boiled in largo copper cauldrons, and is never

poured upon the cloth till it is as clear as wine. The linen is left eight days in this

lye, after which it is washed and pressed in this manner :—They empty sonie buckets

of butter-milk into wooden vessels fixed in the ground ; then they throw in a piece

of linen, which three men tread with their feet as much as possible. Afterwards

they pour in more butter-milk, and then another piece of cloth, proceeding thus

alternately till the vessels are nearly filled, when they lay planks over the linen, upon

which they raise a large round piece of wood, or great stake, touching the lower side

of a beam, between which and the stake they drive wedges to press the cloth. Six

or seven days after they take the cloth out of these vessels,^ and if it be not white

enough, they steep it as we have described above. Afterwards it is washed and spread

» Nat. Hist. XXXV. 67, &c. * See Giobert's process.
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out upon tho ground to bloach. It must bo remarked that after every dipping the
cloth is washed first -with black soap, tlien with clear water, and after each of the
operations it is wrung by moans of a machine that turns by means of a wheel.
.... Tho whitening grounds are cut with canals in some places, tliat there may bo no
trouble of fetching water from a distance. Tho cloth is watered with long narrow
shovels mado in shape of a scytho. Tho water of these canals comos from the dams
and it is that which contributes most to tho lustre of tho Dutch cloth. To prevent
the water from becoming thick and muddy, they are extremely careful in cleaning
tliese canals. Tho washing tubs are built with bricks, with two trap-doors or sluices
for admitting or excluding tho water according as it is necessary.'

—

Select Essays,
quoted by Parke.
Tho chief advantage here consists in the facility of obtaining soap, which in ancient

times was either scarce or badly mado. This improvement began to be moro and
more \ised from the time of its earliest introduction. Modern times have begun to ex-

clude it to a great extent again, finding it so much cheaper to work with tho alkali

alone without combining it with fatty matter.

The process of bleaching then became a series of operations, consisting of, 1st,

steeping in water for about three or four days, or in weak alkali for forty-eight

hours. 2nd, boiling in an alkaline lye, or, in other words, bucking or bowking : in

this operation the hot lye was poured on tho cloth ; it then ran through it, was drawn
off by a tap below, and then pumped up again. 3rd, crofting, or exposure to sun and
air on the grass. 4th, souring : this was done by the butter-milk ; it lasted several

weeks. These operations were repeated four or five times, or until the goods were
pure. The whole lasted from March to September. The best months for crofting

were found to be March, April, and May. It was not known that it was the acid of

the butter-milk which acted ; but when sulphuric acid became cheaper. Dr. Home
applied it instead of butter-milk, and caused a great revolution in bleaching, as tho

souring could now be done in a day which before had occupied weeks, exposing tho

cloth to much danger of decay by decomposition or putrefaction. Great fear was
expressed in the country lest the vitriol should burn the cloth, when Dr. Home stated

that he had kept linen in acid of the required dilution for some months without

having it injured. BerthoUet also said that the acid made a better white.

In 1784 BerthoUet made known some investigations on chlorine, and in 1787

communicated them to the French Academy. By these investigations it was found

that chlorine had tho power of destroying colouring-mattors. The use of chlorine

was brought to this country by the Duke of Gordon and Professor Copeland of

Aberdeen, who then gave the process to be carried out by Messrs. Milnes, of the firm

of Gordon, Barron, and Co., of that place. In this discovery the theoretical portion is

due, first, to Scheele, who discovered the chlorine ;
and, secondly, to BerthoUet, who

discovered the peculiar property. Tho practical mode of effecting the object is the

part which we claim ; b\it it consists of such a long series of expensive trials and

ingenious contrivances, that it will take a much longer time to describe them than

to give tho first idea only. As the invention was at first applied only to cotton,

which at that period was rising into importance, we shall begin the description of

modern bleaching with the mode adopted for that material.

James Watt at the date given was in intimate communication with BerthoUet, and

did not rest until he had made the process successful at the bleach-field of Macgregor,

near Glasgow, requesting tho results to be communicated to a meeting of manufac-

turers to be caUed together at Manchester ;—so quick was Watt to see what would be

for tho permanent interest of a country, and so ready to act on it ! Dr. Henry did

much to make it known to tho manufacturers about Manchester. This is one of tho

early instances of scientific men being directly appUed to by manufacturers for as-

sistance—an application seldom made unless under great difiiculties.

In 1798, Charles Tennant, of Glasgow, introduced cliloride of lime, which is pre-

ferred above all other compounds as a means of applying chlorine.

The true theory of bleaching has not been entirely agreed upon, but there can be

little doubt of tho principal operations. It is known that oxygen deprives substances

of colour ; this may be performed by many high oxides ; by nitric acid, manganic

and chromic acids, chlorous acid, and even lower oxides which hold their oxygen

lightly, as hypochlorous acid. The same effect may bo produced by chlonne, bromine,

and iodine. It has been said that chlorine unites with tho hydrogen of tho water

which is present, gives off oxygen, and so acts just as oxygen would. Davy found

that it would not act in dry air, so that water was needful : but Dr Wilson fcjind

that it would act, although slowly, in dry air, if exposed to tho rays of the sun. This

might show that water is not necessary in order to supply oxygen, but only to al ow

tho chlorine to be brought into thorough contact with the colouring-matter. It Im
also been supposed that tho chlorine removes the hydrogen, or, rather, simply takes
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„„f =„v,eti"tiition Now, whether the chlorine or the liberated

its place by an act ^i^^^^^^^^

the samo-the destruction of the
oxygen these changes, that we should at once decide
compound 5^^°"°°

agent, 4re it not for the fact that oxygen acts so readily, eyen

whe^cEn s no prefent
:'

for example, peroxide of hydrogen, as well as the oxides

?rmentioned and ozone also, which has no chlorine to he p it It is, then, certain

just r;^^
. is certain that dehydration bleaches, if performed by

to a d°^^^^^^ its active ray's. We know also that water aids

? water aids bleaching or oxidation by air, partly because it contains airm solution,

ft afds also the bleaching performed by solutions in contact with porous bodies be-

Lse these bodie have f power of condensing gases in tiieir pores and of conipeUing

Zbinations. The next question is, Does it aid the bleaching by chlorine m the same

Z by assTsting the union mechanically, or by decomposing water ? 01do"^e ^^^s

Swly unless water be present. The theory, therefore, does not demand the decom-

S'n of water, and the known powerful afanities of chlorine do not require to be

SementJd by oxygen. But, in order to see exactly the state of the case, et us look

Se action of chlorine in hypochlorites or in chloride of lime, and we find that it is

a £ct oSdation. We obtain by it peroxides of metals and not chlorides. Here we

sefm to be taught directly by experiment, that bleaching by hypochlorites is an

oSdatSn of the%olouring-matter.'^ Bleaching by mo st chlorine may therefore be

looked on as the same ; indeed, we oxidise by it ; but in such cases we may obtain

the base at the same time united to chlorine, giving another turn to the question, as

Kane showed. The oxidation theory, therefore, seems to be sufacient when water is

present. We are, however, finally to deal with di-y chlorine m the sun
;
and m that

case it is fair to conclude that it acts by direct combination with hydrogen or the

colouring-matter or both. We have, then, two modes of bleaching
,^
_but the usual

mode in the air becomes by that explanation an oxidation, and the direct action ot

chlorine obtainable only with difficulty. When sulphurous acid is used, another

phenomenon may be looked for, as we find a substance whose chief quality is that of

deoxidising The removal of oxygen also decomposes bodies, and sulphuretted

hydrogen can scarcely be supposed to act in any other way. Sulphurous acid, when

it decomposes sulphuretted hydrogen, really acts as an oxidising agent, and we can

therefore imagine it as such in the bleaching process. Investigation has not told us

if it enters into combination as SO^, and, like oxygen, destroys colour, altering the

compound by inserting itself.
, -, , , •

,

We may fairly conclude that the processes by chlorine and sulphurous acid are

performed in a manner as difierent as the mode in which a salt of ammonia acts on

chlorine or an oxacid, or, in Dr. Wilson's general terms, ' specific differences may be

expected to occur with all the gases named, as to their action on any one colouring-

matter, and with different colouring-matters, as to their deportment with any one of

the gases.'—Traws. E. S. K, 1848.

It has been attempted to introduce manganates, chromates, chlorates, chlorochromic

acid, and sulphites, but without success, as bleaching agents.

Bleaching of Cotton.

Substances dealt with in Bleaching.—The object of bleaching is to separate from

the textile fibre all the substances which may mask its intrinsic whiteness, or, which,

in the course of dyeing or printing, may produce injurious effects on the colours.

The substances present in cotton goods, and to be treated in bleaching, are as follows :—

a. The resinous matter natural to the filaments.

b. The colouring-matter of the plant.

c. The paste of the weaver.

d. A fatty matter.

e. A cupreous soap.

/. A calcareous soap.

g. The filth of the hands.

h. Iron rust, earthy matters, and dust.

i. The cotton fibre itself.

j. The carbonaceous matter caused by singeing.

k. The seed-vessels.

a. Cotton is covered with a resinous matter, which obstructs its absorption of

moisture. This alone would prevent it receiving colour, and it is known that if this

could bo removed, some of the darker colours could bo dyed without any bleaching,

providing also the impurities arising from manipulation were absent, although the
finest colours could not be produced in this manner on cotton in general. M. BoUy,
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however, has proposed the use of acetic acid, or of a sour bran liquor, as suhstanceg
wluch are absorbed by the cotton and render it capable of absorbing colour or solu-
tions.^ The matter which prevents the moistening lias not been thoroughly examined.
It IS found to be soluble in alcohol or other, and some of it in turpentine : it is there-
foro called a resinous, waxy, or fatty body. It is dissolved by alkalis, and tliroM-n
down by acids in strong solutions. The alcohol solution leaves thin yellowish scales
which may be dissolved in acid, or even in much water. But information concerning
it is indistinct. For a long time the process commenced by removing this resin by
means of alkali. It is called scouring.

^

b. The whole colouring-matter is not soluble in alkalis, but it becomes so after
being altered by the action of chlorine, or by insolation or croffc-bleaching. It is not
even capable of being bleached, or at least but slowly, unless it be previously acted
on by alkalis. The amount of colour is much less with cotton than linen. The
former is so white naturally, that washing and bleaching might be dispensed
with, were it not for the substances which, during its manufacture, come in contact
with it, if the gum were removed which prevents the moistening. The alkaline solution
from the raw linen, when precipitated by acids, throws down a nearly black resinous
mass, and the total loss of weight is very great.

c. The weaver's dressing is composed chiefly of farinaceous, glutinous, or gelatinous
substances, starch, flour, or size. They are usually allowed to become sour before
using. They are all dissolved by water or alkaline solutions, including lime. When
the dressing gets dry, the hand-weaver occasionally renders his warp-threads more
pliant by rubbing some cheap kind of grease upon them. Hence it happens that tlie

cloth which has not been completely freed from this fatty matter will not readily im-
bibe water in the different bleaching operations ; and hence, in the subsequent ])ro-

cesses, these greasy spots, under peculiar circumstances—somewhat like lithographic
stones—strongly attract the aluminous and iron mordants, as well as the dyestufis,

and occasion stains which it is almost impossible to discharge. The acids act dif-

ferently upon the fatty matters, and thence remarkable anomalies in bleaching take
place. When oil is treated with the acetic or muriatic acid, or with aqueous chlorine,

it evolves no gas, as it does with the sulphuric and nitric acids ; but it puts these

substances into a condition in which they cannot be dissolved by a strong boiling lye

of caustic soda. Carbonic acid is said to have a similar action with oil.

d. Both cotton and linen contain a little fatty matter, which is removed in the same
manner as the resinous. Some of it comes from the mode of treating the warp, which
is occasionally greased for weaving. This prevents, like resinous matter, the thorougli

saturation by solutions which are not alkaline, and soap, soda, or potash may be used

to remove it by solution. Lime makes an insoluble soap, and is therefore Jiot suited

to the operation. If, however, lime has been used, the insoluble soap may be removed
by treating with carbonate of soda, which forms a carbonate of lime, and leaves the

fat in combination with the alkali. The carbonate of lime is then removed by an acid.

This is, however, an indirect method ; and the mode universally used is to decompose

the lime-soap by an acid, and remove the lime, leaving the fat in the cloth ; then to

wash out the fat by an alkali, or by soap and alkali mixed, as is the custom almost

everywhere. The soap used is in great measure a resinous one, for cheapness, and it

is mixed with carbonate of soda.

e. When the hand-weavers' grease continues in contact for a night with the copper

dents of his reed, a kind of cupreous soap is formed, which is sometimes very difiicult

to remove from the web. Lime-water does not dissolve it ; but dilute sulphuric acid

carries off the metallic oxide, and liberates the margaric acid, in a state ready to be

acted on by alkalis.

f. When cloth is boiled with milk of lime, the grease which is uncombined unites

with that alkaline earth, and forms a calcareous soap, pretty soluble in a great excess

of lime-water, and still more so in caustic soda. But all fats and oils, as well as the

soaps of copper and lime, cease to be soluble in alkaline lyes when they have remained

a considerable time upon the goods, and have been in contact with acetic, carbonic,

or muriatic acids, or chlorine. These results have been verified by experiment

g. Cotton goods are sometimes much soiled, from being sewed or tamboured with

dirty hands ; but they may easily be cleansed from this filth by hot water.

h. Any ferruginous or earthy matters which got attached to the goods in the course

of bleaching are readily removable, if not allowed thoroughly to penetrate the cloth ;

but the fine ferruginous clay found in suspension in water is very difficult to wash off,

and it probably cannot, by any means, be removed from printed goods without spoiling

the colours.
, . i , »

i. In all these operations it is needful to consider the most important substance of

all—the fibre. Each of the operations mav weaken or destroy it, if managed unwisoly.

Caustic lime may be allowed to act for a long time on cloth witliout any injury, but
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^ ^„ ;( xtnH, fvm access of air, it destroys it in a few hours. Neither

In! ;\SoVof aTSs of any Idnd v^ry long: if very strong, they

it cfostSv it The same thing may, in a still stronger sense, be said of acids

;

"^^5" SiiScf ime or bleaching-powder acts in the same direction Lmen, although
and chloride ot lime or uieucm ^ i ^ chemical resistance to de-

n^echani^lly
--^Ifl'^^^ll^^^^^^ ptsible to chloride of lime so as entirely

composition It 'p™^^^^ only to hasten it, the completion being

to complete the process of^^l^^^f^^g™
has found out these things by

Tn^ of Sese Socesses is not enough, it is found better to return to it again than com-

XtTly to fiTh™ to the danger of the fibre ;
in the same way

f
^oAmon,

rthey findTt needful to put their hands into hot water, do it rapidly and for a short

timB but bring them out to cool before they return to the charge To dry the goods

Seven a ye^T small amount of acid would infallib y render them rotten When

Se chlorine has oxidised or otherwise acted on the colouiing-matter, so as to render

it solubleTt is washed out with alkalis, but the whole may not be acted on by the

foSrocess and a second may be needfid. Again, as to crofting :
one exposure may not

££d enough ; another washing and another crofting are then needed, and a third,

and ron according to the method employed and the nature of the material iised

The soiS by vegetable substances 0/ by fermentation may also injure the cloth,

not by thrimount of acid existing in the solution, but the decomposition which be-

^omes'^communieated from the veletable matter to

and rotten. The same is peculiarly the case when putrefactive action is allowed to

commence This was often the case when the gluten of the paste was removed by

fermentation. It has been said that the action of carbomc and acetic acid on the fats

is a great objection to the fermentation process, as they are thought to render the tat

insoluble, and produce an indelible mark.
^i, j> 4-1,

Experiments undertaken for the purpose have shown that the strength of the fibre

is not impaired by being boiled in milk of lime for two hours, at the ordinary pressm-e,

provided it is not exposed at the same time to air ; but bleachers consider that, prac-

tically, the goods are not injured by boiling with lime for sixteen ho^s at the strength

of 40 lbs to 100 gallons. It has also been proved that caustic soda of the specific

OTavity of 1030- does not hurt them, even boiled under the pressure of 140 lbs. to the

square inch, or immersion for eight hours in chloride of Hme solution containing

3 lbs. to 100 gallons, and afterwards in sulphuric acid of the specific gravity ot WbT,

or eighteen hours at the specific gravity of 1035-.
_ _ ^ t,

j The carbon left by the singeing is entirely removed, but it is not clear what be-

comes of it. It disappears in the alkaline solution, as no traces seem to exist Jifter

this action. Probably the blackness or darkness is not caused by any pure carbon,

but by compounds soluble in alkalis. If any elementary carbon exist, it is earned

away almost entirely, no doubt, by mechanical means.
• • -u

k. The same method gets rid of the particles of pod which remain mthe cotton,

and" after the first washing they seem to stand out very prominently, swelling up into

largo dark spots. The alkali probably renders them soft, and allows them to mix

readily with liquids, if not altogether actually dissolved.

Gejwral Process of Bleaching.—The process of bleaching, from what we have seen,

resolves itself into treatment with alkalis, and the action of chlonno or of hght. In

describing the operations they seem to be very numerous ; but, as explained, some

require to be repeated gently, instead of being finished by one decisive operation, so

as not to injure the fibre ; and some are intermediate operations, such as the fre-

quent washings needed in passing from one process to the other. The alkaline solu-

tion in which the goods are boiled does not contain above 250 lbs. of carbonate of soda

to 600 gallons, but nearly always less. Lime is, however, used much more frequently

than soda, which it will bo seen is only employed in the second process, and the third

if there be one. It is loss hurtful to the cloth, and is much cheaper than the alkalis.

The chloride of lime is used at ^ Twaddle, or 1002-5. It is not considered so im-

portant now as formerly, and where 300 lbs. were formerly employed, 30 to 40 are now
used. The goods are made nearly white by the alkalis. The chlorine gives only
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SioWo^iS' "''"^t
to wliiton tlio gi-ound on colourod goods. Tlio

TTJu ^° oxprossod thus :-Was]i out tlio soluble nuitter ; boil with 11, !
'^"J to make a fatty compound with the oily matter

; wa h 2tho_hmo by acids; wash out the fat with a soda-soap; clear tho white by chlS

Mifrf"
™PVi'itios in the cloth havo a certain power of retaining colour upon them

nnrl
' ^^"^^ '"^^ S^ease, gluten, and albuminous matters, havo this property'ana lutty soaps, such as limo-compounds of fatty acids. Tho pure fibre, however'lias no power of taking up solutions of such colouring-matter as madder. When'

tiiorotore, it is desired to try tlio extent to which cloth has been bleached, it is dyedor boiled up ^vith madder exactly as in the process of dyeing. It is then treated withsoap as tho madder-dyed goods are treated, and if it comes out without a stain ornearly puro white, the goods are ready. Dyers or calico-printers who dye printed
goods are exceedingly particular as to tho bleaching, tho dyeing and printing haviufrnow a,pproached to such exactness, that shades invisible to any eye not very much
experienced are sufficient to diminish in a material degree tho value of the clothAny inequality from irregularity of bleaching, which causes a similar irregularity of
dyeing, is destructive to the character of the goods. Many patterns, too, have white
grounds

;
these grounds it is the prido of a printer to have as white as snow If

delicate colours aro to bo printed, they will be deteriorated if the ground on which
they are to be printed is not perfectly white.

'^^t-
^^^^^^ which come out upon maddered goods in consequence of defective

bleaching are sometimes called spa^igs. Their origin is such as I have described
above, as the following statements of facts will show. The weaver of calicoes receives
frequently a fine warp so tender, from bad spinning, or bad staple in the cotton, that
It will not bear the ordinary strain of the heddles, or friction of tho shuttle and reed,
and ho is obliged to throw in as much weft as will compensate for the weakness or
thinness of the warp, and make a good marketable cloth. He of course tries to gain
his end at the least expense of time and labour. Hence, when his paste dressing be-
comes dry and stiff, he has recourse to such greasy lubricants as he can most cheaply
procure, which are commonly either tallow, or butter in a rancid state, but the former,
being the lowest priced, is preferred. Accordingly, the weaver having heated a lump
of iron, applies it to a piece of tallow held over the warp in the loom, and causes the
melted fat to drop in patches upon the yarns, which he afterwards spreads more evenly
by his brush. It is obvious, however, that the grease must be very irregularly applied
in this way, and be particularly thick on certain spots. This irregularity seldom fails

to appear when the goods are bleached or dyed by the common routine of work.
Printed calicoes, examined by a skilful eye, will be often seen to be stained with large
blotches, evidently occasioned by this vile practice of the weaver. The ordinaiy
workmen call these copper stains, believing them to be communicated in the dyeing-
copper. Such stains on tho cloth are extremely injurious in dyeing with the indigo-vat

Old Methods still in use.—^As a specimen of the older processes, we shaU give the
following, adding, afterwards, a minute account of some of the plans adopted by the

most successful bleachers. When grease stains do not exist, as happens with the

better kind of muslins, or when goods were not required to be finely finished, the fol-

lowing has been adopted :—After singeing, 1. Boiling in water. 2. Scouring by the

stocks or dash-wheel. 3. Bucking with lime. 4. The bleaching properly so called,

viz., passing tlirough chlorine or crofting. 5. Bucking or bowking with milk of limo.

These two latter processes employed alternately several times, till the whole of the

colouring-matter is removed. 6. Souring. 7. Washing.
Another routine has been, 1. Cleansing out the weavers' dressing, by steeping tho

cloth for twelve hours in cold water, and then washing it at the stocks or dash-wheel.

2. Boiling in milk of lime, of a strength suited to the quality of the goods, but for a

shorter time than with the soda lye ; two short operations with the lime, with inter-

mediate washing, being preferable to one of greater duration. 3 and 4. Two conse-

cutive lyes of ten or twelve hours' boiling, ^vith about 2 lbs. of soda crystals for 1 cwt.

of cloth. 5. Exposure to the air for six or eight days, or the application of chloride

of lime and then sulphuric acid. 6. A lye of caustic soda. 7. Exposure to the air

for six or eight days, or chlorine and acid as above. 8. Caustic soda lye as before.

9. Chlorine and tho sour. 10. Einsing in hot water, or scouring by the dash-wheel.

The Processes used in, Bleaching. Singeing.—The singeing is performed by passing

the cloth over a red-hot plate of iron or copper. The figure 108 shows this apparatus

as improved by Mr. Thom. At a there is a cylinder, with the cloth wound round

it to bo singed ; it passes over the red-hot plate at h, becomes singed, passes over a

small roller at c, which is partly immersed in water, and by this means has all the

sparks extinguished ; then is wound on to the roller d, when the process is finished.

As tho products of combustion from tho singeing are sometimes very unpleasant, they
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are carried by this apparatus into the fire-placo, whore they are consumed. The

arrows show the passage of those vapours from the surface of the cloth downwards

into the hearth, and thence into the fire.

For goods to be finely printed both sides are singed ; for market bleaching, one
side. Sometimes, however, singeing is not at all desired.

The use of a line of gas jets instead of a red-hot plate was introduced by Mr.
Samuel Hall. It has not, however, found its way generally into bleach-works : the
plate is preferred. .Gas jets are used necessarily in singeing threads. See Singeing.

Shearing.—For fine printing, it is by some considered needful to shear the nap of
the cloth instead of singeing it. The method is more erpensive than singeing.
Messrs. Mather and Piatt have made a machine which will shear 60 to 80 yards per
minute.

Bucking or Bowking.—This is the process of boiling goods. It is performed in
alkaline liqmds, generally lime, or soda, or both. The kier for bowking is a cylin-

109
drical iron vessel, the chief peculiarity of which is

a method of preventing the cloth from being burnt
on the bottom of the vessel, or allowed to dry on
the vessel, or so to be pressed on the bottom as
to prevent the boiling of the liquid in a uniform
manner. This is done by simply having a false
bottom to the kier, or a wooden perforated bottom,
about eight or ten inches above the actual bottom.
The boiler, such as a, fig. 109, has a stopcock,

< H _G, at bottom, for running off the waste lye.
Kiers are commonly made of cast-iron, and are
capable of containing from 300 to 600 gallons of
water, according to the extent of the business
done. In order that the capacity of the boilers
may be enlarged, they are formed so as to admit
of a crib of wood, strongly hooped, or, what is

preferable, of cast-iron, to be fixed to the upper
rim or edge of it. To keep the goods from the
bottom, where the heat acts most forcibly, a strong iron ring, covered with netting
made of stout rope, c, is allowed to rest six or eight inches above the bottom ofthe boiler. Four double ropes are attached to the ring e, for withdrawing the goodswhen sufficiently boiled, which have each an eye for admitting hooks from therunning tjicklo of a crane. Whore more boilers than one are employed, the crane
13 80 placed that, in the range of its sweep it may withdraw the goods from any ofVOL, I, ]5 2 J
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thorn. For
_
this purpose, the crano turns on pivots at top and bottom ; and the

goods arc raised or lowered at pleasure, -with double pulleys and sheaves, by means
of a cylinder moved by cast-irou wheels. The lid is secured by the screw bolts d n,
and rings n n. f is a safety-valve.
To avoid the excessive heating needful to drive the liquid through the goods, Mr,

John Laurie invented the kior shown at fig. 110.
In this figure, a n c d is the wooden kievo, or kior, containing the cloth ; c e r d

represent the cast-iron boiler ; q g, the pump
; g, k, the pipe of communication

between the kier and the boiler. This pipe has a valve on each of its extremities

;

that on the upper extremity, when shut, prevents the lye from running into the

boiler, and is regulated by the attendant by means of the rod and handle g b. The
valve at k admits the lyo : but, opening inwards, it prevents the steam from escaping

through the pipe g k. The boiler has a steam-tight iron cover, g l ; and at o n iu

the kier is a wooden grating, a small distance above the cover of the boiler.

At M o is a broad plate of metal, in order to spread the lye over the cloth. It

is hardly necessary to say that the boiler has a furnace, as usual, for similar

purposes.

Wliile the lye is at a low temperature, the pump is worked by the mill or steam-

engine. When it is sufficiently heated,

the elasticity of the steam forces it

up tlirough the valves of the pump, in

which case it is disjoined from the

moving power.

N p is a copper spout, which is re-

moved at the time of taking the cloth

out of the kier.

In order still further to avoid labour,

the pumping has been entirely done

away with.

A simple modification of the bowking

apparatus is shown

i

nfigs. Ill, 112, 113;

the first being a vertical section, the

second a horizontal section in the line a:

of the first. It consists of two parts : the upper wide part, a a, serves for the reception

of tS goods, and the lower or pot, b, for holding the lye ; c c as an iron gracing, shown

apart in fia 113 The grating has numerous square apertures jn the middle ot tJie

S. to which the risini pipe d is screwed fast. The upper cyhnder is formed of
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(sast-iron, or of sheet-iron -woU riveted at the edges ; or sometimes of wood, this

bein<» secured at its under edge into a groove in the top edge of the lye-pot. The
mouth of the cylinder is constructed usually of sheet-iron, e e is the fire-grate,

whose upper surface is shown in^^. Ill : it is made of cast-iron in throe pieces. The
flame is parted at /, and passes through the two apertures g g, into the flues h h, so

as to play round the pot, as is visible in^. 112, and escapes by two outlets into the

chimney. The apertures i i serve for occasionally cleaning out the flues k h, and are,

at other times, shut with an iron plate. In the partition /, which separates the two
openings g g, and the flues k h, running round the pot, there is a circular space at the

point marked with k,Jig. 112, in which the large pipe for discharging the waste lye is

lodged. The upper large cylinder should be encased in wood, with an intermediate

space filled with sawdust, to confine the heat. The action of this apparatus is exactly

the same as that already explained.

Besides the boiling, bucking, and other apparatus above described, the machinery
and utensils used in bleaching arc various, according to the business done by the
bleacher.

The kier of Messrs. Mather and Piatt is very complete. The first figure (114)
is the kier when shut or screwed down. The second (116, p. 372) is the section

lU

)f the kier, which is very like that before given ; but in this case it is steam-ticht
ind heated by steam which issues from a steam-pipo communicating beneath the
alse bottom. The dangers attending the kier before mentioned are by this means
mtiroly averted, and all the inventions which give the washing liquid a separate and
listinct place for heating are at once done away with.
An exact description of these kiers is required, a, b, c, d, represent the bodv of thnvier, which is a cylindrical vessel, generally made of cast-iron, but sometimes of woorl

)r wrought iron, h represents the false bottom ; a cast-iron grating, sometimes coveiwlyith boulder stones, and sometimes with wood
; g, a cylindrical disc, of m-oucrht imr,acocl on the top of 'puffor-pipe' to spread tlie liquor over the cloth . ^^Z'?'pe. standing on false bottom. K cylindrical casting for supporting false bottom

1^ B !^
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and ' puffor-pipo,' whoso periphery is ' slotted,' to admit of the liquor pasBinj*

through, n, cover for kior ; the flanch on -wliich this cover rests is grooved a little

to admit of 'gasldng' being inserted, bo as to form a 'joint.' k, k, swivel-Lolls,

holding down the cover, i, a small aperture, covered with a lid capable of being

removed easily, to enable the attendant to see that the cloth does not rise too high

in the kier to endanger its working ; if such happens, ho checks the steam until

115

the cloth settles, after which it does not again attempt to rise. «,
_

steam-valre

I, water-valve ; both communicate with pipe w, leading to kier. p, pipe commum

eating with kier for supplying steam and water—also serves as escape-pipe;/,

escape-valve for letting off kier ; e, wheel for opening ditto ; m, steam-pipe from boiler.

0, », foundation for kier.
,

The process of cleansing is very various. Some use lime for the first process

some use soda alone ; some use them mixed. Of course when carbonate of soda and

lime are used, caustic soda is at once formed, and the carbonate of lime is left idle

The practices and fancies of bleachers are numerous ; and we have only to say that

the principle consists in the use of alkaline lyes. Some use lime to the_ amount ot

3 per cent! ; others go as high as 10. The lime is slaked first and a portion thrown

inl a portion of cloth is laid upon it, and a portion of lime again covers that: but

on no account must the goods be allowed to lie in contact with the atmosphere and

^^wSn removed from the kiers the goods must be washed. Now if they are to be

washed in dash-wheels, it is needful that they be in separate pieces, and m this state

they are sometimes boiled in the kiers ; but if they are to be washed in the washing-

machines, they are lifted out of the kier in the same manner as a piece of string 18

drawn out of the canister in which the coil is kept

M. Metz, of Heidelberg, has attempted to perform the work of boiling ^7 ^^^el

extracting the air from the cloth. For this purpose the cloth is simply put int«M m^t cylinder, the top screwed down, and the air taken out by an air-pump

We h™o knowledge as to ?he advantages gained by tli s V^o^f^'^^ ^^^^^
^^

has been found actually capable of putting cloth in a condition to be bleached for

Mers greatly hasten the process of bl^^^^^^^^

anf^t the same time improve it. Fig.lKi (p. 373 is

^^f^f^^^Zill^L^S^^
o^rnTirrnTTimit- of these fwliich are recommended to be made of strong boUer-piate iron

SnTofTese is stwn in section, a and h are the kiers ; c is a,perforated platform

on:hLlSSotto be bowked are laid; is VJ^^^^^^^^

n and o are ordinary two-way f f
' J^.^Jfl of w^^^

respective Iders from the main pipe, iJ. and the reversing 01

conimunication, and admits tho bowking liquor as it becomes oxpeuea irom



BLEACHING 373

nrli'nimnff kier ' (7 is a blo-wing-off valvo or tap; r, the pipe through which the

Wkino- liauor enters into the kier ; s, manhole (closed by two cross-bars, secured by

boltsaml nuts) through wliich the goods are introduced and removed
; ;! f are gauges

by which it is ascertained when the liquor has passed from one kier and has entered

the other,

I The process adopted for bleaching is as follows

:

I 1. The box or water-trough of the washing-machine is then half filled with milk

of lime of considerable consistence, and the goods are run through it, being carried

forward by the winches and deposited in the kiers. The whole of the cloth in a

kier is in one length, and a boy enters the vessel to lay it in regular folds until the

kier is filled. All the cloth before entering the kier must pass through the lime.

2. When the kiers are filled, a grid of movable bars is laid on the top of the cloth,

and the manhole of the kiers is closed. High-pressure steam is then admitted at the

top ; this presses down the goods and removes the lime-water, which is drawn off at

the bottom. At the same time the air is also removed from the goods and replaced

by steam. When this is driven ofi", and nothing but steam issues from the tap at the

bottom, 40 lbs. of lime, which have been previously mixed with 600 gallons of water,

are introduced into the fijst kier in a boiling state. High-pressure steam is again ad-

mitted, which forces the lime-liquor through the goods to the bottom of the vessel, then

up the tube I, and on to the goods in the second kier. The tap is then closed which

admits steam into the first kier, and the steam is now sent into the second. The same
process occurs, only in this case the liquid is sent again on to the top of the goods in

the first kier. This process is continued about eight hours.

High-pressure and Distributing Kiers.—Mr Barlow has effected an important im-
provement in his original high-pressure kiors by the addition of distributors.

Fig. 117 (p. 374) is an elevation showing a pair of kiers, fitted with distributors, &c.
A and B are the kiers (which it is preferable to make of strong boiler-plate iron), tho
kier a being shown in section, and exhibiting the distributors, &c.
At tho bottom of tho kier is a plato of an umbrella shape, c. This plate spreads
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over about three-fourths of tho bottom of the kior ; it is perforated with holes all

around its outer ridge, at d d, which rosts upon tho bottom of tho kier ; all the rest

of tho plate being solid. This plato is fastened in the centre to an iron block, e,

which stiiuds upon tho bottom of tho kior in tho centre, over tho outlet hole. Tho

block e is pigeonholed at tho boLtoni, so as to allow tho liquor to pass from the kier.

A socket is loft in tho upper part of tho block e, to admit tho insertion of the dis-

tributor/. This distributor is made of dimensions corresponding to the size of the

kier ; it is solid for some distance from tho bottom, and above that is hollow and

perforated as full as possible with holes until witliin a few inches of the top of the

kier, whoro it is connected with tho tap g (an ordinary two-way tap, which admits

either steam or liquor, or shuts off both) by an inlet pipe, which dips for some dis-

tance inside tho distributor, o o is the pipe connecting the top of the kier a with

the bottom of kier b, and p p is the pipe which connects the top of kier b with

the bottom of kier A ; 2 2 aro steam-pipes from tho main pipe r ; m w tho man-

way, through which the goods are introduced and removed; n the pipe and tap,

through which the working liquor enters the kier ; s s are gauges, by which it is

seen when the liquor has passed from one kier and has entered the other
;
k k are

draw-off taps connected with tho pipes o audp, by which tho kiers can be emptied

of spent liquor, water, &c.

117 118

Fia 118 is a modification of ^<7. 117. The various parts of the kiers correspond

with the description of fig. 117 ; the principle and mode of working
'^f PFf^^^f^^y ^^^^^

Tame the only difference is, that kier b is reduced in size to about one-third that ot

SrA; it is not charged with goods and is only intended to receive the M^or ^.hen

Seed through the goods in kier A. The liquor is boiled in kier b by a modified dis-

tnbutor and this is repeated until the goods in kier A are suf&ciently worked.

S mo^fication is only recommended where small quantities are done, and tno

kiers required would be too small for working in convemently

TLTstributors give a circulation of liquor and steam from the centre of the

1 S^Lfl^rano^fall around while by the action of the umbrella-plate tho liquor is

Svelfesfai u^^^^^^^^ thoroughly saturated with it every time he
preventea escaping

thev also greatly accelerate the circulation of tho

w^Jt; r^ilk of lime of considerable consistence, and tho goods are run through t

wTaiied f™d by the ^vinders and deposited in the kiers, a boy being in

LThUTwttystheg'oods in re^^^^^^ ,
2. When tho kiers are fi led, the

^^,^,4 tho lime-water,

then admitted at the top ; this presses down the goods and romo>
^^^^

which is drawn off at the bottom;
^^^^l^J^XiveToff LTno^^^^^^^^ Iteam issues

goods and replaced by steam When tli'«^«/
"j^°^^^^^^^ ^^od with 600

from the tap at the bottom, 40 lbs. lime, which
^^^^ f

J^e^.^ a boUing state. High-
gallons of boiling water, are introduced into tho first kior in a bouing state, xx g
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Messure steam is again admitted, which forces the Ume-liquor through the goods to the

bottom of the vessel, then up the pipe o, and on to the goods m the second kier. The

tau is then closed, which admits steam into the first kier, and the steam is now sent

into the second The same process occurs, only, in this case the liquid is sent again on

to the top of tiie goods in the first kier. This process is continued about five hours.

In this method each 7,000 lbs. of cloth take into the kiers 2 cwts. of lime, which is

equally distributed. The clear lime-water which is blown out of the steam at the

commencement contains only 3 to 4 lbs. of limo in solution. At tho close of the

operation the liquor has a specific gravity of 3| to 4° Twaddle (1017-5 to 1020),

i^tead of half that amount, or 1^- to 2° Twaddle (1007-5 to 1010), as is usual.

3 When the liming is completed tho steam-pressure in the kiers is removed, the

manway opened, and tho cloth in the kier attached to the washing-machine, which

draws the goods out of the kiers and washes them,

4 The pieces are then passed by the winches through the souring machine, or soured

by having mui-iatic acid of 2° Twaddle (1010) pumped upon them. They must

remain with the acid two to three hours, either steeped in it, or after having passed

through it.
, , • n •

6. Again attach the cloth to the washing-machine, and wash it well, passing it on

by winches, as before, into the kier,

6. Introduce steam and drive off the air and the cold water; these are let out by

the tap at the bottom : add then 210 lbs. of soda-ash and 70 lbs. of resin, boiled in

600 gallons of water, for 7,000 lbs. of cloth. Work the kiers by driving the liquid

from one to the other as before ; about five hours is a sufficient time. These pro-

portions of soda may be varied. If the cloth is very strong a little more may be

used (or if the cloth has been printed upon in the grey state, from having been used

to cover the blanket of the calico-printing machine).

7. After this the cloth is passed through the washing-machine, and then submitted

to chloride of lime. This may be done either by the machine or by pumping. In

either case it is an advantage to warm the bleaching-liquid up to 80° or 90° F. The

strength of the solution when the machine is used maybe about ^° Twaddle, or 1 002-5

specific gravity ; but if the pump is used it must be much weaker. When the bleaching

is for finishing white, milk of lime is added to the chloride, in order to retard the

operation ; the goods are also washed from the bleaching-liquor before souring them.

This causes a smaller escape of chlorine, and is a more careful method : it tends to

preserve the headings, or the coloured threads, which are often put into the ends of

pieces of cloth in order to see if the bleaching has been performed roughly or not.

The original use of this has almost been forgotten, but these headings are still care-

fully preserved. This method preserves also the cloth, which is also less apt to be

attacked by the chlorine.

If the cloth has been well managed, it wiU be almost white when it leaves the

second kier containing the resinate of soda ; it will therefore require very little de-

colourising. If the goods have been printed on, more chloride will be needed. Tho
cloth should lie from two to eight hours in the liquor, or after saturation with it. The
action is quickened if warmth is used. They are soured then, as before, in muriatic

and sulphuric acid, at 2° Twaddle, for three or four hours ; then wash for drying.

The patentee claims for these kiers considerable advantages over the old, amongst
others—that they are not more costly—occupy less room, and whilst the goods are

more thoroughly ' bottomed ' or cleansed, considerable saving is effected in fuel,

water, labour, chemicals, and time. ' As regards boiling of goods in bleaching, there

is, as compared with the ordinary kier, a sa^ang of .three-fourths of the coal by using

these kiers.' They are perfectly safe in their action and the fibre is not ' tendered.'

From what has been said, it will be seen that the operations of the bleacher are not

so numerous as at first sight appears, when we call every washing a separate process

;

and although it really is so, it is managed so rapidly that it can scarcely be said to

occupy time, and as it is carried on at the same time as the other processes, it scarcely

can be said to give trouble. The work may be divided into

—

1, Singeing. 2. Bowking with limo. 3. Washing, souring, and washing. 4. Bowking
with resinate of soda. 5. Washing and chlorinating. 6. Souring, washing, and drying.

Steeping.—Instead of boiling in the kier at first, the goods are sometimes, though
now rarely, steeped from one to two days in water, from 100° to 150° F., for the pur-
pose of loosening the gummy, glutinous, and pasty materials attached to the cloth.

Fermentation ensues, and this process is dangerous, as the action of the ferment some-
times extends to the goods, especially if they are piled up in a great heap without
being previously washed. The spots of grease on the insoluble soaps become thereby
capable of resisting the caustic alkalis, and are rendered in some measure indelible

;

an effect due, it is believed, to the acetic and carbonic acids generated during fer-
mentation. Some persons throw spent lyes into the fermenting vats to counteract tho
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acids. The spots of grease aro chiefly to bo found in hand-loom goods, and the diffl.
culty concerning the fats is not thoroforo commonly felt wlioro powor-loom goods arc
chiofly used, as in Laucashiro.

Washing.—If tlio cloth is to be washed wthout having the pieces strung together
the following methods may bo adopted. The stocks aro still used, but not in any larao
estabHshmonts in Lancashire.

Figs. 119, 120, represent a pair of wash-stocks. A a are called the stocks or
feet. They aro suspended on iron pivots at b, and rccoivo their motion from wipers

on the revolving-shaft c. The cloth is laid in at d, and, by the alternate strokes

of the feet, and the curved form of the turnhead e, the cloth is washed and

gradually turned. At the same time an abundant stream of water rushes on the

cloth throughout holes in the upper part of the turnhead. Wash-stocks are much
used in Scotland and in Ireland. In the latter country they are often made with

double feet, suspended above and below two turnheads, and wrought with cranks

instead of wipers. Wash-stocks, properly constructed, make from 24 to 30 strokes

per minute.

This mode of washing is now entirely given up in Lancashire, where a preference is

given to dash-wheels and washing-machines with squeezers. The dash are small

water-wheels, the inside of which is divided into four compartments, and closed up,

leaving only a hole in each compartment for putting in the cloth. There are, besides,

small openings for the free admission and egress of the water employed in cleansing.

The cloth, by the motion of the wheel, is raised up in one part of the revolution of the

wheel ; while, by its own weight, it falls in another. This kind of motion is very

effectual in washing the cloth, while, at the same time, it does not injure its strength.

The plan, however, where economy of water is of any importance, is very objection-

able ; because the wheel must move at by far too great a velocity to act to advantage

as a water-wheel.
I'^l The wash or dash-wheel,

now driven by steam-power

in all good bleach- and

print-works, is represented

in fig. 121, upon the left

side in a back view, and

upon tlie right side in a

front view (the sketch being

halved). Fig. 122 is a

ground plan.

a rt is the washing-wheel;

6 i its shaft-ends ; c c their

brass bearings or plummer-

blocks, supported upon the

iron pillars d d. The frame

is made of strong beams of

wood, e e, bound together

,
by cross-bars with mortices.

'//, two of the circular

apertures, each leading to a quadrantal coropartmout within the dash-wheel. In
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122

, ^ 1 /ihfs left-hand half of the figure) the brass grating, 5-, of a cur-

viLSrmrssltti-ug^^^^^
wheel; /* A are the round

orifices, thi-ough which

the foul water runs oil,

as each quadrant passes

-the lower part of its re-

volution ;
i, a water-pipe,

with a stopcock for regu-

lating the washing-jets;

Jc k, the lever for throwing

the driving-crab I, or

coupling-box, into or out

of gear with the shaft of

the wheel. This machine

is so constructed, that the

water-cock is opened or

shut by the same lever-
j [

age which throws the

wheel into or out of gear.

m, a wheel, fixed upon

Z sS'o/ thetaJh-leel which works inix, the toothed pinion connected with

Se Se mover. When the end of the lever k, whose fork embraces the coupling-

,

tox 5?^n the square part of the shaft, is pushed forwards or
^^^^J'f . f^^^,^^^^^

'

clutch into or out of |ear with the toothed wheel m In tie latter case tlus wheel

tons with its pinion ^thout affecting the dash-wheel n n, holcKastsW upon t^^

wooden frame, to which the boards 0 0 are attached, for preventing the water from

bein" thrown about by the centrifugal force. • i j

The Ssh-wheel is generally from 6 to 7 feet in diameter, about 30 inches wide, and

requires the power of about two horses to drive it.
i. i. xi,

A dash-wheel has one piece of cloth in each of the four compartments
;
these are

washed in eight minutes, being 30 pieces an hour, or 300 pieces a day; sometimes

two pieces are put in, when double the time is given. It generally requires 60

gaUons of water per minute to feed it, 36,000 gallons a day, or 120 to a piece.

Always after washing, the squeezers are applied, as they remove at once the super-

^"^TheMachine made by Mr. Mather {figs. 123 and 124) washes 800 pieces per hour,

or 8,000 pieces per day of ten hours, using 400 gallons per minute, or 120,000 gallons

per day, or 20 gallons to a piece. This class of machine is nowm its turn superseding

the dash-wheel.
, , , / _c •, p. ^ i

This washing-machine will be understood by the general plan {fig. 124, and cone-

sponding section,/^. 123). a and h represent the squeezmg-bowls. a, is 18 inches

diameter and 8 feet 3 inches long ; it is made of deal timber. (The lapping of

strong canvas at a" is for the purpose of giving the 'out-commg pieces an extra

squeeze, in order to prepare them for the kiers.) h is 24 inches diameter and of the

same length as a, making 100 revolutions per minute ; it is generaUy made of deal,

sycamore, however, being better, c, d, a strong wooden rail, in which pegs are placed

in order to guide the cloth in its spiral form from the edge to the centre of the

machine, h, h, the water-trough, through which the piece passes round the roller b.

p {fig. 123), water-pipe, t, water-tap. m, m, pot-eyes, which may be adjusted to

any angle, to guide and regulate the tension of the piece on entering the machine.

I, side frame, for carrying bowls, &c. g, engine (with cylinder, 8 inches diameter)

and gearing for driving machine, w, weight and lever for regulating pressure on tho

bowl. . „„ ,1 c L

This machine washes 800 pieces per hour, and requires 400 gallons _ol water per

minute. It will serve also to represent the chemick and souring machine,^ tho only

difference being that the bowls are 3 feet 6 inches, instead of 8 feet 3 inches, in

length. . .

Tho chemick and sour are brought by turns into the trough, or into similar separate

troughs, by a leaden pipe from the mixing cisterns, and are run in to 6 or 8 inches

deep.

Tho washing-machine of Mr. Eridson {fig. 125, p. 379) is worth attention. In its

action the course of the cloth in the water is easily seen ; it is chiefly horizontal. This

motion had been given by Hellewell and Fearn in 1856 ; but they had a very com-

plicated machine, and they did not attain the flapping motion which is given to tho

cloth when it becomes suddenly loose, and is driven violently against tho board a a
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, J • ^r,„ Uno Tf is not Bhown by the drawing that tho cloth

„ often as b cand e d
^f^^J^'l^^ The^o is a constant stream of w^tor from

Se";f;?'vS"hlS'
^ one and a half inch in one diameter.

and about 10 inches in the other. This machine can wash 900 pieces in an bour. It

r^nJes aboutS as much water as a dash-wheel, but washes seven and a half

'TrrilS b^mngfn ihe'&st Ider and washing, the goods are soured in

xuSScid of 1010- spe'cific gravity or 6^ gallons of the usual aad
-l^-^J-^^^^

Tier cent of real acid, mixed with 100 gallons of water. This is equal to .5

?waMle Mu^ may be replaced by sulphuric acid of 1024- specific gravity

z- 7 sTgallons liquid acid to 100 of wat^r ;-or the amount of the acid may be doubled

n elier case. aSd a shorter time aUowed for the souring. The sounng is performed

; wooden or stone cisterns, where the cloth is laid regularly as it faUs over one of the

rSs of the calender ;-or it is passed through the acid solution by the movom?^^

of the calender in the same manner as described m the process of washing. If this

method is used, it is allowed to lie on the stillages from two to three hours to a low

the acid to act. The acid decomposes any bme-soap formed, and washes out the lime.

Hydi-ochloric or muriatic acid has been preferred m the process described, as the

chloride of calcium is so much more soluble than the sulphate. After souring, ol

com-se the goods must be thoroughly washed as before.

The sixth operation with soda removes the remaining fatty materials. It lime be

us-d it may be allowed to settle; and it is bettor to allow it to do so, and thus to

use pure caustic soda, which will with the resin remove the impurities m a more

soluble form. K, instead of adding 170 lbs. of soda crystals to 600 gal^ns of water,

4-6 lbs. of liquid caustic soda of specific gi-avity 1320- were added, the effect would bo

^^ThTsolution of resin and carbonate of soda is a half-formed soap, which is con-

sidered to act beneficially in removing the soluble matter. It would not appear, from

theory to be capable of doing so well as the soda which has its carbonic acid removed

;

but tender goods wiU not allow the action of caustic soda, and the carbonate is there-

^°^Powfer-hlcacMng.—ChloTido of lime is added in stone vessels where tho goods are

allowed to lie It is universally called chemich in the manufactories. The strength

used at Brickacre is half a degree Twaddle, or 1002-5. This is sometimes very much

increased, so as to be even 5° in some establishments, according to the goods

bleached ' but it is not safe to allow the cloth to lie long in such strong solutions. In

such case's it is needful to pass them rapidly through with the calender, so as to soak

them thoroughly, and then to pass them on to the acid, and forward to be washed.

It may bo remarked that the use of the calender for these operations renders it pos-

sible to use strong solutions, even for tender goods, as there is no time given for

injurious action on tho fibre. i,.,™,.
Great care is to be taken to make tho solution of the chloride of lime perfectly

clear. The powder does not readily wot with water, and it must therefore bo pressed
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or agitated. This may bo dono by putting it in a revolving barrel with water, until
complete saturation of the powder with moisture ; the amount required is then thrown
into the cistern, and the insoluble matter allowed to sink. This insoluble matter must
not be allowed to come into contact with the cloth, as it will be equal of course to a con-
centrated solution of the liquor, and will produce rottenness, or burn the cloth, so as to
leave holes. "When removing from the trough, the cloth is drawn through squeezing
rollers, which press out any excess of chloride of lime.

Bqxieezing.—The squeezing rollers or squeezers, for dischar^ng the greater part of
the water or any liquid from the yarns and goods in the process of bleaching, are re-
presented in figs. 126, 127, the former being a side view, to show how the roller

126 127

gudgeons lie in the slots of the frame, and how the shaft of the upper roller is pressed
downward by a weighted lever, through a vertical junction rod, joined at the bottom
to a nearly horizontal bar, on whose end the proper weight is hung. In fig. 128,

these rollers, of birch-wood, are shown in face ; the under one receiving motion through
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tho toothed wheel on its shaft from any suitable power of water or steam Upon the

shaft of the Tatter, between the toothed wheel and the roller the lever and puUey for

mtt n° tiae machine into and out of gear is visible. The under roller makes about 25

nHons in the minute, by which time three pieces of goods, stitched endwise, mea-

rrSJ" 28 yl^ds ea?h, may be run through the machine, from a water-trough on one

'''li,::ZT^SS::f^^^^^^ attached, is shown in 128 for t.e

drkwi^g of which we are again indebted to the makers, Messrs. Mather and Piatt.

n represent the squeezing-bowls. They are as large m diameter as possible, and

axe generally made of sycamore; but the bottom one is better made of highly com-

Sesfed cotton, a, b, are the engine and frame for driving; ff,
frame for carrying

bowls ;
I, I, compound levers for regulating the pressure ;

s is a screw for the same

purpose, and c is the cloth passing through the bowls.

The white-squeezers, or those used before drying, should have_ a box, supplied with

hot water, fixed so that the piece may pass through it before going to the nip of the

^°When the goods are run through, they are carried off upon a grated wheelbarrow

in a nearly dry state, and transferred to the spreading machine, called at Manchester

a candroy. In many bleach-works, however, the creased pieces are puUed straight by

the hands of women, and are then strongly beat against a wooden stock to smooth out

the edges. This being done, a number of pieces are stitched endwise together, prepa-

ratory to being mangled. • . J J
This squeezing machine is small, but, as will be seen, the rollers are introduced so

as to act as long and as rapidly as cloth of whatever length is drawn through them.

The following figure (129) represents a pair of squeezers, for squeezing the cloth

after several of the processes named, and are shown as being driven by a small

high-pressure engine, a is the fly-wheel of engine ; b, crank of ditto
;

c, frame of

engine
; d, spur-wheels connecting the engine and squeezers ; e and f, sycamore

squeezing bowls.

The cloth when passed over the steamed rollers is not dry ; but it is not smootli
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and roacly for the market. If tlio cloth is wanted for printing, no further operation !s
needed

;
but if to be sold as white calico, it is finished by beinc starched and

calendered.

The starch at large works is prepared by the bleachers themselves. At Messrs.
JJriclsons it is made with tlio very greatest care from fiour. Of course it would lie
more expensive for tliom to buy it, as the manufacturer would dry it, and they would
roqiure to dissolye it. They are able also, in this manner, to obtain the purest stirch.
Una is mixed with blue, according to the finish of the goods. A roller, which dips
into the starch, lays it regularly and evenly on the cloth in the same manner as
mordants are communicated in calico-printing, whilst other rollers expel the excess of
the starch. The cloth is then dried over warm cylinders, or by passing into a lieatod
apartment. It receives the final finish generally by the calender ; but muslins receive
a peculiar treatment.

_
Calender.—Fig. 131 is a cross-section of this machine, and Jiffs. 130, 132, are front

views broken off. The goods are first rolled upon the wooden cylinder a, near the

ground
;
by the tension-roller, b, upon the same cylinder, the goods receive a proper

degree of stretching in the winding-oflf. They then pass over the spreading-bars,

c c c, by which they are still more distended; next round the hollow iron cylinder, d,

16 inches diameter, and the paper cylinder, e, of like dimensions ; thence they proceed

under the second massive iron cylinder, f, of 8 inches diameter, to be finally wound
about the proj ecting wooden roller, g. This is set in motion by the pulleys h ( fig. 132),

audi {Jig. 131), and receives its proper tension from the hanging roller k; lis a.

pressing cylinder of 14 inches' diameter, made of plane-tree wood. By its means we
can at all times secure an equal degree of pressure, which would be hardly possible

did the weighted lever press immediately upon two points of the calender-rollers.

The compression exercised by the cylinders may be increased at pleasure by the bent

lever, m, weights being applied to it at n. The upper branch of the lever, o, is made

fast, by screws and bolts at p, to the upper press-cylinder. The junction-leg, q, is

attached to the intermediate piece, r, by left- and right-handed screws, so that ac-

cording as that piece is turned round to the right or the left, the pressure of the

weighted roller will be either increased or diminished. By turning it still more, the

piece will get detached, the whole pressure will be removed, and the press-roller may

be taken off, which is the main object of tliis mechanism.

The unequable movement of the cylinders is produced hy^ the wheels s, t, u, of which

the undermost has 69, the uppermost 20, and the carrier-wheel, t, either 33, 32,

or 20 teeth, according to the difference of speed required. The carrier-wheel is bolted

on at V, and adjusted in its proper place by means of a slot. To the undermost iron

cylinder, the first motion is communicated by any power, for which purpose either a

rigger (dri\ang pulley) is applied to its shaft at u, or a crank motion. If it bo desired
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to operate with a hoatod calender, the undermost hollow cylinder may bo filled with

hot steam, admitted throiigh a stuffing-box at one end, and discharged through a

stuffing-box at the other, or by a red-hot iron roller.
, „

Before passing through the press they are slightly damped ; this is done by a roller

of brushes, which dips into the water, and throws it regularly on the cloth. They are

then subjected to the powerful pressure of the calender rollers, ihe calendered

pieces, by the powerful pressure of the rollers, are smooth and somewhat shining.

There can be no doubt that cloth in this state looks to the best advantage. The pieces

must, however, bo put into a compact form. This is done by folding them into par-

cels, which are pressed by hydraulic power into firm and solid masses. Each parcel

has the mark of the manufacturer, or any device that he may choose to have, stamped

upon it, or bound round it. '

» ^ . i . -n- i

Finishing.—Pvae starch is not always used for the purpose of finishing, inne clay,

gypsum, or Spanish white is mixed with the cloth ; and if weight is desired to be given,

sulphate of baryta is employed. Silicate of soda was patented for this purpose, but

its use has not been attended with success. Freedom from colour is of course a re-

quisite property in whatever be added, or the excellency of the bleach la imjpaired.

There can, however, be no doubt, that too much attention is given to this fimsh for

home goods, or for all purposes which require the goods to be washed : they assime

a solidity of appearance which they do not possess when the finishing material is

removed from the pores, and the cloth appears without disguise. In some instances,

however, this finish is a peculiarity of the goods, and is almost as important as the

cloth itself. For example : in the case of muslins, when they are dried at perfect

rest, they have a rigid inelastic feeling, somewhat allied to that of thin laths of wood,

and feel very rough to the touch. They are therefore dried by stretching the cloth,

and moving the lines of selvage backward and forward, so as to cause the threads of

weft to rub against each other and so as to prevent them becoming united as one

piece. Goods dried in this manner have a peculiar spring, and such thick muslins

are for a time possessed of great elasticity. Several pieces folded up in a parcel

spring up from pressure like caoutchouc.

Mr. Eidgeway Bridson invented an apparatus for giving this peculiar finish to

muslins. Formerly it was done entirely by the hand, and in Scotland only.
_
Since

the invention of this machine, tliis trade has become a very important one in the

Manchester district.

Sometimes goods are finished by the beetle, which acts by repeated hammering.

This peculiar action has been transferred to a roller by T. K. Bridson, and called

the ' Eotatory Beetle.' It consists of a cylinder having alternately raised and de-

pressed surfaces, and two other cylinders which press upon it, and alternately press

the cloth and give a freedom as it passes between the rollers. This is similar to the

rise and fall of the hammers or mallets in the beetling process.

Sometimes a stiff finish is wanted ; then muslins are dried in the usual way.

Drying.—Figs. 133 and 134 represent a drying machine, with eleven cylinders,

each 22 inches in diameter, capable of drying 1,000 pieces of bleached calico in a day.

a, represents cylinders heated with steam ; v, vacuum-valves in ditto
; /, frame for

carrying cylinders ; c, folding apparatus ; s, steam-pipe
; g, gearing.

When goods are dried having a raised pattern, such as brocades, or any other,

such as striped white shirting, only one side of the cloth is to be exposed ; the pattern
rises up from the heated surface on which the cloth is dried, For this reason, cylin-
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dors such as tlioso just doscribod cannot bo used. Largo wheels of cast-iron are
ompioyod, consisting of two concentric cylinders, l^otwoon which is a closed spiico
fteatoa by steam. Tlio clotli is by this means heated on one side only, not passing
irom cylinder to cybnder, in which case tlio side next to the heating sui-face would be
cliangoa every time. Tho larger tho cylinder or whool, the more rapid is tho drying,

134

I

as there is more surface of cloth exposed to it at a time ; it can, for the same reason,

be turned more rapidly round. "Well-finished goods will not rise when heated, except

on the pattern. Messrs. Bridson have a large business in jacconets for artificial

flowers on account of this peculiar finish. They are formed of a plain cotton cloth,

but stand the pressure of hot irons without curling.

No essential difference is made in bleaching muslins, except that sometimes weaker
solutions are employed for very tender goods. Mr. Barlow makes no difference as a
rule in the strength given in describing his process ; with very strong goods, he some-

times uses the liquids stronger.

It is desired occasionally to bleach goods which have coloured threads woven into

them, or colours printed on them. In these cases great caution must be used. It

is needful to use weak solutions, but more especially not to allow any one process to

be continued very long, but rather to repeat it often than to lengthen it. This may
be stated as a general rule in the bleaching of goods. It would indeed be possible to

do the whole bleaching in one operation, but the cloth would be rotten. This arises

from the fact that, at a certain strength, bleaching -liquor or soda is able to destroy

the fibre ; but another and less strength does not act on the fibre, but only on such

substances as colouring-matters. This care is needed when printed goods which have

a white ground are treated. Tho white ground takes up colour enough to destroy its

brilliancy, and soaping does not always remove it. The bleaching then is effected by

using bleaching-liquor at ^ Twaddle. Some persons put a Turkey-red thread into

the ends of the pieces. The original use of this seems to be scarcely known among

the manufacturers. It was used as a test of the mode of bleaching employed. If

strong solutions be used, which are apt to spoil the cloth, the colour of the dyed

tlireads will be discharged. When the separate system is employed, this is evaded

easily ; it is the practice to keep the ends containing the red threads out of the liquid,

allowing them to rest on the side of the vessel.
_

Sometimes chlorate of potash is used for the same purpose, souring as with the

bleaching-powder. The colours may, in this manner, bo made much more brilliant

than before, although a little excess will discharge them. A good deal of the effect

may be owing to the better white given to the ground. Besides these processes for

bleaching, another was at one time introduced, which consisted of immersing the cloth

in a solution of caustic alkali, and afterwards steaming in a close vessel. It is not

now in use. Alkali of 1020- specific gravity was used.
_ •, . -r^ -j

The new or continuous Process.— Th\s method owes its introduction to David

Eentley, of Pendleton, who patented it in 1828. It consists in drawing the goods in

one continuous line through every solution with which it is desired to saturate them.

This is done by connecting the ends of all the pieces. Tho niotion of rollers draws

the chain of cloth thus formed in any desired direction, and through any number of

solutions any given number of times. We shaU allow him to use his own words.
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TTln 135 is an end view of two such calenders, each having two larger rollers, b

and n'l) a smaller driving-roller c, two racks D and d 1, placed upon two asterns o

135

136

and G 1, inside of which cisterns are two rollers e and e i, which rollers have four

square ribs upon each, to shake the goods as they pass through the cisterns, f

is a frame, upon which the batches of goods are placed

upon rollers shown in fig. 136, where they are marked

K, K, K, K. The calender-cheeks are made fast at the

feet, at the middle, and to the top of the building,

having levers and weights H to give pressure to the

calender-bowls.

Near the end-walls of the building are two rollers,

one of which is shown at a
;
upon each of these is a

soft cord used as a guide for conducting the goods

through the macliinery and cisterns. The operation

is commenced by passing one end of the cord through

the rollers b and c, down to cistern g, under roller _e,

through the furthermost division of rack D, and again

through calender-rollers at b and c, repeating the same,

but observing to keep the cord tight, and to ap-

proach one division nearer in rack d each revolution

until each division is occupied, when the end must pass

over c, under and round b 1, down to and over the

guide-roller i 3, through the nearest division of rack

D 1 into cistern g 1, under roller e 1, over guide-roller

1 2, and again over roller c, under and round a 1. This course must be repeated, ob-

serving as before to keep the cord tight, and to receive one division of rack d 1 every

revolution, until each division of rack d 1 is occupied, when the end must pass over

from n 1 under i 4. The cord now forms a sort of spiral worm round and through

the machinery and cisterns, beginning at b, c, and ending at the top of b 1 to i 4, the

number of revolutions being governed by the number of divisions in the racks d and

D 1, so that if there were fifteen divisions in each rack there would be fifteen

revolutions under c, round b through g, under e through d, and fifteen revolutions

over c round b 1, over i 3 through d 1 and g 1, under e 1 over i 2, and again over

c, passing from the top of b 1 to i 4 ; and by this means, if one end of the back of

goods marked K, and placed upon the frame f {fig. 136), is fastened to the end of the

guide-cord, the goods will, when the calender is put in motion, be conducted and
washed thirty times through the water in the cisterns, and squeezed thirty times

through the calenders. As the operation proceeds and the guide-cord passes through

the calender, it is wound by hand upon roller A to prevent it from becoming en-

tangled, and to keep it in readiness for the next operation. As soon as the first end of

the goods has passed through 136, and arrives at the guide-roller i 4, it is detached

from the end of the guide-cord and attached to the guide-cord at the other end, or

with the opposite sot of calenders. After this, by putting those in motion, tho

goods are washed and squeezed through its cisterns, which cisterns are supplied with
hot and strong lime-lye, and the goods passing over guide-roller i 9, they aro
convoyod over other guido-rbliors to bo placed for tho purpose, and taken down

Vol. I, C C
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by somo person or somo proper machinery into ono of the boiling vcfssols, whore,
steam or fire heat being added, they are yufferod to remain wliilo the limo-boiling
tiikes effect.

Wo need not follow the inventor into all the particularB. Wlien the goods were
sufficiently acted on by one solution, another solution was used, so that this mode of

calendering not only was a method of moving the goods from place to place by means
of rollers, but it was a metliod also of saturating goods thoroughly with a solution

and of washing thorn.

It was by a similar method that Mr. Bentloy bleached skeins of yarn, of linen, or

of cotton. The skoins are looped together by tying any soft material round tlie

middle of the first skein, which vnll leave the loops from one end of the next skein

to pass half way through, and which will always leave other two loops, and by re-

peating which any quantity of skeins may bo looped together, tying the last loop

with another soft material.

The mode of saturating the goods with solutions is efifocted by the arrangement

shown in Jiff. 137. Eapid motion and frequent pressure are introduced instead of a

still soaking process.

137
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A is a roller for the guide-cords ; b, b, b are eleven washing-rollers ; c, c, c are

speed-rollers ; e, e, e are twelve rollers immersed in twelve divisions of the cis-

tern G. The eleven staple-formed irons which pass through the frame rails on each

side of the centres of the eleven rollers b, b, b, and the eleven rollers c, c, c, ser\'o

to stay these rollers in their places, at the same time allowing the eleven washing-

rollers B, B, B, to rise and fall according to the pressure by which they are held down

by the eleven weights attached to these irons at h, and upon the bottom rail may be

placed such staves, brushes, or rollers, as may be found necessary for holding and

brushing the goods in the best manner to keep them straight during the different

washings in water and bleaching-liquors. The goods are prepared by steeping,^ as

before described, and placed in batches at f, and passing under the immersing

rollers e and the twelve divisions of cistern g, between the eleven speed-rollers c

and the eleven washing-rollers b, as seen at k, are taken down straight and open

into one of the vessels, and are then boiled by steam, which is succeeded by repeated

washings alternately in water and bleaching-liquors, until they are sufficiently

bleached, as before described.
, , ^

The elevation and ground-plan of a bleach-house and machineiy capable of

bleaching 800 pieces of 4 lbs. cloth per day (for best madder work), with the labom-

of ono man and three boys, worldng from 6 until 4 o'clock, exclusive of singeing

and drying, are represented in fgs. 138 and 139 (p. 387). .The letter d represents

two lengths of cloth of 400 pieces each (end of pieces being stitched together by

patent sewing-machine made by Mather and Piatt), making together 800 pieces,

passing through washing-machine ff,
and from thence delivered over winch w, into

kier c,-thi8 operation occupies one liour.-where they are boiled for twelve

hours in lime. They are then withdrawn by the same washing-machine <7, ^vashed

(vnd passed into second kior b (operation occupying one hour), where they are boiled



0 0 2



388' BLEACHING

for twelve hours in nshes and resin
;
again withdrawn by the same machine

ff,

washed, squoozed (see plan at u), and passed over winch e, aijd piled at h (this

operation occupies one hour). They are then taken from pile h, and threaded
through sour-maehine c, soured, passed over winch e", and piled at k (operation,

one hour), where it remains in the pile for three hours. It is then squeezed at u,

and washed through machine cf (an hour's operation), delivered into third kier a,

boiled for six hours, washed at
ff,

squeezed at u (an hour's operation), and passed

tlirough chemick-macldne (an liour's operation), and piled for one hour ; after which
it is soured again (an hour's oper<ation), squeezed, and washed at g (an hour's opera-

tion), squeezed again at / (an hour's operation), and dried by machine at p (Jig.

138).

There aro several advantages in using the squeezing process so often in the abov6

arrangement :—Firstly, the bowels of the washing-machine are not so much damaged
by the heavy pressure which is required to be applied, if no squeezers are used, in

order to prepare tlie pieces for the sour and chemick machines. Secondly, a drier

state of the cloth than can possibly be produced by the washing-machine alone, thus

fitting it to become bettor saturated with the chemick or sour. Thirdly, the piece

passing from the souring to the washing-machine, in this arrangement, carries with

it less of the acid, and thus ensures a better washing, with less water.

It may be observed, that the velocity of the above-mentioned machines is much
higher than usual, experience having shown that the various operations are thus

better performed than when running slower. The reason of this appears to be, firstly,

that the piece, running at such velocity, carries with it, by reason of capillary attrac-

tion, a greater quantity "of liquid to the nip of the bowels ;
secondly, the great velocity

of the bowels, together \vith the greater quantity of water carried up, produces a more

powerful current at the nip and down the ascending piece, thus penetrating to every

fibre of it.

It may also be remarked, that the above-mentioned machines are not adapted to

the bleaching of linen ; for the latter cloth, not having the same elasticity as cotton,

if it should become tight, would either be pulled narrow or torn.

In illustration of the continuous process as at present used, the plan of proceeding

at Messrs. McNaughten, Barton, and Thom's, at Chorley, may be described.

1. In order that there may be no interruption in the process, the pieces are united

in one continuous piece—each piece being about 30 yards, the whole varying with the

weight of cloth—about 300 yards long. Each piece is marked with the name of the

printer. This is sometimes done in marking-ink of silver, and sometimes in coal-tar,

at the extremity of the piece. The pieces are rapidly tacked together by girls, who

use in some establishments a very simple sewing-machine. (See Sewing-Machine.)

The whole amount to be bleached at a time is united in one piece, and is drawn from

place to place like a rope. To give them this rope-form, the goods are drawn through

an aperture whose surface is exceedingly smooth, being generally of glass or earthen-

ware. Of these many are used in transferring the cloth from place to place. They

serve instead of pulleys. The cloth when laid in a vessel is not thrown in at random,

but laid down in a carefully made coil. The rope-form enables the water to penetrate

it more easily.

2. The pieces are singed.
„ , , , -.j '-i.

3 They are boiled ih the first kier. In this, 3,500 lbs. of cloth have added to them

25o"lbs. of caustic lime, 1 lb. of lime to 14 of cloth. The kier is cylindrical, 7 feet

deep and 8 feet in diameter ; as much water is added as will cover the cloth, about

500 gallons. This boiling lasts thirteen hours.
,

4. They are washed in the washing-machine. Eobinson and loungs macliine

5. They are soured in a similar machine with hydrochloric acid of specific gra^nty

1010-, or 2° of Twaddle.
, ^•

6. The same amount of cloth being supposed to be used, it is bucked in a solution

of soda-ash and resin, 170 lbs. of soda-ash to 30 lbs. of resm. The boibng lasts

sixteen hours, the same amount of water being used.

7. Washed as before. , . i -j •
4.

8. Passed through chloride of lime, or chomicked. The cloth is laid in a stone or

wooden cistern, and a solution of bleaching-powder is passed through it, by being

poCed over itU allowed to run into a vessel below
;
this is

"'^^.^ff^^^^^f'T^
jumping. This solution is about half a degree T^vaddle, or spec:fic gravity 1002 0.

The cloth lies in it from one to two hours.

Jb.^Botled again in a kier for five hours with 100 lbs. of carbonate of soda

crystals.

11. "Washed.
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12. Put in chlorido of limo as before.

13. Soured, in hydrochloric acid of 1012-5 specific gravity, or 2i° Twaddle.

14! Lies six hours ou stillages.—A stillage is a Idnd of low stool used to protect tho

cloth from tho floor,

15. Washed tiU clean.

16. Squeezed in rollers.

17. Dried over tin cylinders heated by steam.

This is tho process for calico generally ; some light goods must be more carefully

handled. The usual time occupied by all these processes is five days. They are

sometimes dried in a hydro-extractor ; after singeing, laid twenty-four hours to steep,

then washed before being put into the lime kier.

Bleaching of Linen.

Linen contains much more coloiu'ing-matter than cotton. The former loses nearly

a third of its weight, while the latter loses not more than a twentieth. The fibres of

flax possess, in the natural condition, a light grey, yellow, or blond colour. By tho

operation of rotting, or, as it is commonly called, water-retting, which is employed
to enable the textile filaments to be separated from the boon, or woody matter, the

colour becomes darker, and, in consequence probably of the putrefaction of the green

matter of the bark, the colouring-substance appears. Hence, flax prepared without
rotting is much paler, and its colouring-matter may be in a great measure removed
by washing with soap, leaving the filaments nearly white. Mr. James Lee obtained a
patent in 1812, as having discovered that the process of steeping and dew-retting is

unnecessary, and that flax and hemp will not only dress, but Avill produce an equal if

not greater quantity of more durable fibre, when cleaned in the dry way. Mr. Leo
stated that, when hemp or flax-plants are ripe, the farmer has nothing more to do
than to pull, spread, and dry them in the sun, and then to break them by proper
machinery. This promising improvement has apparently come to nought, having
been many years abandoned by the patentee himself, though he was favoured with a
special Act of Parliament, which permitted the specification of his patent to remain
sealed up for seven years, contrary to the general practice in such cases.
The substance which gives steeped flax its peculiar tint is insoluble in boiling

water, in acids, and in alkalis; but it possesses the property of dissolving in caustic
or carbonated alkaline lyes, when it has by previous exposure been acted on only by
chlorine. This process is effected in great measure by the influence of air in combina-
tion with light and moisture acting on the linen cloth laid upon the grass : but chlorine
hastens the operation. In no case, however, is it possible to dissolve tho colour com-
pletely at once, but there must bo many alternate exposures to oxygen or chlorine,
and alkali, before the flax becomes white. It is this circumstance alone which renders
tho bleaching of linen an apparently complicated business.

Old Method.—A. parcel of goods consists of 360 pieces of those linens which are
called Britannias. Each piece is 35 yards long, and weighs, on an average, 10 lbs.;
the weight of the parcel is, in consequence, about 3,600 lbs. avoirdupois weight. The
Imons are first washed, and then steeped in waste alkaline lye, as formerly described
under these processes

; they then undergo the following operations :—

1. Bucked with 60 lbs. pearl-ashes, washed, exposed on the field.
2. Ditto 80 ditto ditto ditto ditto.
3. Ditto 90 potashes ditto ditto ditto.
4. Ditto 80 ditto ditto ditto ditto.
6. Ditto 80 ditto ditto ditto ditto.
6. Ditto 60 ditto ditto ditto ditto.
7. Ditto 70 ditto ditto ditto ditto.
8. Ditto 70 ditto ditto ditto ditto.
9. Soured one night in dilute sulphuric acid ; washed.
10. Bucked Avith 50 lbs. pearl-ashes, washed, exposed on the field.
11. Immersed in the chlorido of potash or lime 12 hours.

,
12. Boiled with 30 lbs. pearl-ashes, washed, exposed on the field.

13. Ditto 30 ditto ditto ditto ditto.
14. Soured, washed.

Tlic linens are then taken to tho rubbing-board, and well rubbed with a strong
latlicr of black soap, after whicli they are well washed in pure spring-water At this
period they are carefully examined, and those which are fully bleached are "laid asidoto bo blued, and made up for the market; while those which are not fully white ira
rcturaodtobelioilod, and steeped in the chlorido of limo or potash; then soureduntil tlioy are fully white,

"-^ou,
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By tho abovo procosfs, 690 lbs. weight of allcali is taken to bleach 360 pieces of linen,

each pioco consisting of 35 yards in length ; so that tlio expenditure of alkali m-ouM
bo somowlmt less than 2 lbs. for each piece, were it not that some parts of tho linens
aro not fully whitened, as abovo noted. Two pounds of alLili may therefore bo BUitcd
as tho average quantity onipioyod for bleacliiug each piece of goods.

_
What is called tho old method, or that used from about tho introduction of blcacli-

ing-powder, at tho beginning of the century, till within ten or fifteen years, required
bleaching on tho grass ; and tho mode in which it was managed in Ireland and (Scot-
land, where it held its ground longest, is as follows

:

1. They wero rot-stooped in a weak solution of potash, at about 130° F., for two
days, until tho dressing used in manufacturing tho cloth was removed.

2. Washed,
3. Boiled or bowkod in potash-lyo at Twaddle, for ten hours,

4. Washed, and tho ends turned so that tho whole might bo equally exposed to

the lyo.

6. Boiled or bowked in a similar lyo to tho abovo for twelve hours.

6. Washed well,

7. Exposed on tho grass for tliree days, and watered,

8. Taken up and soured -with sulphuric acid, at 2° Twaddle, for four hours,

9. Taken up and washed well.

10. Boiled again for eight hours in potash-lye, at 1° Twaddle, to which had been
added black or soft soap, about 20 lbs, to a kior of about 300 gallons,

11. Washed.
12. Crofted, or exposed on tho grass, as before.

13. Treated with chloride of limo at lit° Twaddle, for four hours.

14. Washed.
15. Soured in sulphuric acid, at 2° Twaddle, for four hours.

16. Washed,
17. Boiled for six or seven hours with soap and lyc, using in this caso more soap

and one-third less lye than in the former bowkings.
18. Drawn out and put through rub-boards. This is a Idnd of washing-machine,

made of blocks of wood, with hard-wood teeth. The goods aro washed by it in a soapy

liquid. The teeth moving rapidly, drive the soap into the cloth.

19. Boiled in the lye alone for six hours.

20. Washed.
21. Crofted, keeping them very clean, as this is the last exposure.

22. Treated Avith chloride of limo.

23. They are then starched, blued, and beetled, to finish thom for the market.

These operations last six weeks.

New System, as practised in Scotland and Ireland.—Directions given hy an extensive

Bleacher.

1. Wash.
2. Boil in lime-water ten or twelve hours.

3 Sour in muriatic acid, of 2° Twaddle, for three, four, or five hours.

4. Wash well.

6. Boil with resin and soda-ash twelve hours.

6. Turn the goods, so that those at the top shall be at tho bottom, and boil again

as at No. 5.

7. Wash well.

8. Chemick, at \° Twaddle, or 1002-5, four hours.

9. Sour, at 2° Twaddle, or 1010- specific graA'ity.

10. Wash.
11. Boil in soda-ash ten hours.

12. Chemick again.

13. Wash and dry.

This is tho system chiefly adopted when tho goods are to be printed.

Tho following is tho system practised in tho neighbourhood of Perth, where tho

chief trade is in plain sheetings :—
i ^ i, * or t

1. Before putting them into operation, they are put up into parcels ot about ,5.)cwts,

2. They are then steeped in lyo for twenty-four hours.

3. Then washed and spread on tho grass for about two days.

4. Boiled in limo-watcr.
,. ii i i.i

6, Turned, and boiled again in lime-water, those at tho top being put at the bottom.

60 lbs. of lime are used at a time, and about 600 gallons of water.

6. Washed, then soured in siilphuric acid of 2° Twaddle, or 1010- sp. gr., for four

hours, then washed again.
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7 Boiled with soda-ash for ten hours ; 110 lbs. used,

s! Washed and spread out on the greon, or crofted.

9. Boiled again in soda as before.

ll.' The^'are^^^n'™ the white ones are taken out; those that are not

finished are boiled and crofted again. - i i i ^ i

2 Next, they are scalded in water containing 80 lbs. of soda-ash, and washed.

13. The chloride of Umo is then used at Twaddle, or 1002-5 specific gravity.

14. AVashed and scalded.

15. Washed and treated with chloride of lime.

16. Soured, for four hoiurs, with sulphuric acid, at 2° Twaddle, or 1010' specific

gravity.

If cloths lighter than sheetings are used, the washing liquids arc used weaker. The

great point is to observe them carefully during the process, in order to see what

treatment will suit them best.
i ui „i

It will be seen that the process of bleaching linen is still very tedious
;
and altliougii

it may be managed in a fortnight, it is seldom that this occurs regularly for a great

length of time. The action of the light introduces at once an uncertain element,

as this varies so much in our cUmate. If, again, linen be long exposed to tJio

air in a moist condition, it is apt to become injured in strength. To shorten the pro-

cess, therefore, is important ; and if no injurious agents are introduced, a shortening

promises also to give increased strength to the fibre. It has not been found possible

to introduce chlorine into linen-bleaching at an early stage, as in the case of cotton ;

and the processes for purifying it without any chlorine, render it so white that un-

sldlled persons would call it as white as snow. The chlorine is introduced nearly at

the end of the operation, after a, series of boilings with alkalis, soiu-ings, and ex-

posures on the grass. If introduced at an earlier stage, the colour of the raw cloth

becomes fixed, and cannot be removed. The technical term for this condition is ' set.

Mr. F. M. Jennings, of Cork, has patented a method which promises to obviato

the difficulty. The peculiarity consists in using the alkali and the chloride of alkali

at the same moment, thus giving the alkali opportunity to seize on the colouring-

matter as soon as the chloride has acted, and thereby preventing the formation of an

insoluble compound. He prefers the chlorides of potash or soda. His plan is as

follows :— ....
1. He soaks the linen in water for about twelve hours, or boils it in lime or alkali,

or alkali with lime, and then soaks it in acid, as he uses soaps of resin in other mix-

tures—the alltalis being from 3° to 5° Twaddle, 1015--1025' specific gravity.

2. Boils in a similar alkaline solution.

3. Washes.
4. Puta it into a solution of soda, of 5° Twaddle, 1025' specific gravity, adding

chloride of soda until it rises up to from 6°-7° Twaddle. It is allowed to remain in

this solution for some hours, and it is better if subjected to heating or squeezing be-

tween rollers, as in the washing-machine.

6. Ho then soaks, sours, and washes.

6. He then puts it a second time into the solution of alkali and chloride.

7. Then washes, and boils again with soda. These operations, 6 and 7, may be

repeated until the cloth becomes almost white.

The amount of exposure on the grass by this process is said to be not more tlian

from one-half to one-fourth that required by the usual method, or it may be managed
so as entirely to supersede crofting.

Chevalier Claussen has opened up the filaments of flax by tlie evolution of gas from
a carbonate in which the plant is steeped, and at the same time bleached by chloride

of mngncsia, but this has not been successful.

Bleaching of Silk.

Rilk in its raw state, as Kptin b^ the worm, is either white or yellow of various

sliadcs, and is covered with a varnish which gives it stiffness and a degree of elasticity.

Tot the greater number of purposes to which silk is applied, it must bo deprived

of this native covering, which was long considered to bo a sort of gum. The
operation by which this colouring-matter is removed is called scouring, cleansing,

or boiling. A great many different processes have been proposed for freeing the silk

fibres from all foreign impurities, and for giving it the utmost whiteness, lustre, and
pliancy; but none of the new plans has superseded, with any advantage, the one
practised of old, which consists essentially in steeping the silk in a warm solutior.

of soap ; a circumstance placed beyond all doubt by the interesting experiments of
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M. ^^oard. Tlio .'ilkalis, or alkaline salts, act in a marked manner upon the varnish
ot silk, and ofiFoct its comploto solution ; the prolonged agency oven of boiling water
or soap and water destroys tlie brilliancy of silk. It would appear, liowever, tliat
the Chinese do not employ this method, but something that is preferable. Pro-
bably the superior beauty of their white silk may be owing tp the superiority of tlieir
raw material.

The most ancient method of scouring silk consists of throe operations. For the
first, or tlio tmgumming, thirty per cent, of soap is dissolved in clean water at a
boiling heat ; then tlio temperature is lowered by tlie addition of a little cold water,
by withdrawing the fire, or at least by damping it. The hanks of silk suspended
upon horizontal poles over the boiler are now plunged into the soapy solution, kept at
a heat somewhat under ebullition, which is an essential point

;
for, if hotter, the soap

would attnck the substance of the silk, and not only dissolve a portion of it, but de-
prive the whole of its lustre. The portions of the hanks plunged in the bath get
scoured by degrees : the varnish and the colouring-matter are removed, and the silk

assumes it's proper whiteness and pliancy. Wlienover this point is attained, the hanks
are turned round upon the poles, so that the portion formerly in the air may be also

siibjcctod to the bath. As soon as the whole is completely ungummed, they are taken
out, wrung by the peg, and shaken out ; after which the next step, called the hoil, is

commenced. About 25 lbs. or 35 lbs. of ungummed silk are enclosed in bags of coarse

canvas, called pockets, and put into a similar bath with the preceding, but with a
smaller proportion of soap, which may therefore be raised to the boiling-point -with-

out any danger of destroying the silk. The ebullition is to be kept up for an hour
and a half, during which time the bags must be frequently stirred, lest those near

the bottom should suffer an undue degree of heat. The silk experiences in these two
operations a loss of about 25 per cent, of its weight.

The third and last scouring operation is intended to give the silk a slight tinge,

which renders the white more agreeable, and bettor adapted to its various uses in

trade. In this way we distinguish the China white, which has a faint cast of red, the

silver white, the azure white, and the thread white. To produce these different

shades, we begin by preparing a soap-water so strong as to lather by agitation ; we
then add to it for the China white a little arnotto, mixing it carefully in ; and then,

passing the silk properly through it, till it has acquired the wished-for tint. As to

the other shades, we need only azure them more or less with a fine indigo, which has

been pre^nously washed several times in hot water, and reduced to powder in a

mortar. It is then diffused through boiling water, allowed to settle for a few minutes,

and the supernatant liquid, which contains only the finer particles, is added to the

soap bath, in such proportion as may be requisite. The silk, on being taken out of

this bath, must be ^yl•ung well, and stretched upon perches to dry ; after which it is

introduced into the sulphuring chamber, if it is to be made use of in the white^ state.

At Lyons, however, no soap is employed at the third operation ; after the boil, the

silk is washed, sulphured, and azured, by passing through very clear river-water

properly blued.

The present practice in the silk-works in Lancashire is as follows :

—

The Italian silk arrives in this country with a little soap in it, put in by the

throwsters there, amounting to one drachm to a pound of silk. It is received here in

hanks, and bleached in that state. The hanks are hung on sticks or small poles, about

three pounds of silk being on each stick. The sticks being laid across a vessel, the

silk hangs down, and in this way may be immersed in any liquid. The treatment of

silk is then much more tender than that of cotton.

1. The hot lather is made with 3 lbs. of soap in 50 gallons of water ; to tliis is

added 1 lb. of soda crystals. The silk is kept in this lather at a temperature of from

175° to 190° F. for three-quarters of an hour. It is tlien wrung or dried in the hydro-

extractor (called hydro or whizzer in Lancashire works). 2. It is then, for the pur-

pose of straightening it, rolled on a cocoa-nut roll-pin 4 in. in diameter a little tiu-n

being given it occasionally, by the finger and thumb, to prevent entangling. 3._ It is

then put into bags of one "yard square. The hanks are laid flat, and the bags stitched

down In this state they are boiled for 3^ hours, using for the same amount of water

as before, 3 lbs. of soap to 20 lbs. of silk. 4. Tlio silk is then washed or moved about

by the hand in a cistern one yard wide and one deep, retaining as mucli soap as will

make a pretty permanent lather. To this there is generally added a small quantity

of archil, about | oz. to 4 lbs. of silk. 6. It is then dried in the hydro-extractor.

6. It is then straightened and sulphured. The sulphuring is done in a small apart-

ment, which should bo very high. The size is frequently 10 fcft square by 20 in

height. The silk is hung up in it, and 4 lbs. of sulphur for each 40 bs. of silk are

put on the floor and set fire to. Tlio room is closed as well as possible, and the silk

18 allowed to remain 4 hours. This is the bleaching, and it requires uow only to be



BLEACHrN"G 303

wasliccl by rinsing tlireo to four times in cold water. A little indigo blue is used to

give it a pearly appearance. TJio use of archil, which has been mentioned, depends

npou the shade of white, so to speak, which is wanted. 7. The silk is now dried by

the hydro-extractor first, and then by exposing to a temperature of 85°-90°. If

heavily laden with gums, silk must bo dried at a still cooler tomperatiiro._ In this

operation of bleaching, 1 lb. of good silk loses 4 oz. ; but as it seldom arrives very

piu-e, the usual loss to the pound of silk is 5 oz.

The first, or simmering operation, mentioned here, is not necessary for the white

silk of China.

The silks intended for the manufacture of blondes and gauzes are not subjected to

the ordinary scorning process, because it is essential in these cases for them to

preserve their natural stiffness. "We must therefore select the raw silk of China, or

the whitest raw silks of other countries ;
steep them, rinse them in a bath of pure

water, or in one containing a little soap
;
wring them, expose them to the vapour of

sulphur, and then pass them through the azure water. Sometimes this process is

repeated.

Before the memoir of M. Eoard appeared, extremely vague ideas were entertained

about the composition of the native varnish of silk. He has shown that this sub-

stance, so far from being of a gummy nature, as had been believed, may be rather

compared to bees'-wax, with a species of oil and a colouring-matter which exist only

in raw silks. It is contained in them to the amount of from 23 to 24 per cent., and
forms the portion of weight which is lost in the ungumming. It possesses, however,

some of the properties of vegetable gums, though it differs essentially as to others.

In a dry mass, it is friable and has a ^^treous fracture ; it is soluble in water, and
affords a solution which lathers like soap ; but when thrown upon burning coals, it

does not soften like gum, biit burns with the exhalation of a fetid odour. Its solu-

tion, when left exposed to the open air, is at first of a golden yellow, becomes soon

greenish, and ere long putrefies, as a solution of animal matter would do in similar

circumstances. M. Eoard assures us that the city of Lyons alone could furnish

several thousand quintals of this substance j^Jcr annum, were it applicable to any use-

ful purpose.

The yellow varnish is of a resinous uatiu'e, altogether insoluble in water, very
soluble in alcohol, and contains a little volatile oil, which gives it a rank smell. The
colour of this resin is easily dissipated, either by exposure to the sun or by the action
of chlorine : it forms about one fifty-fifth of its weight.

Eees'-wax exists also in all the sorts of silk, even in that of China ; but the whiter
the filaments, the less wax do they contain.

M. Eoard has observed that, if the silk be exposed to the soap-baths for some time
after it has been stripped of its foreign matters, it begins to lose body, and has its

valuable qualities impaired. It becomes duU, stiff, and coloured in consequence of
the solution, more or less considerable, of its substance ; a solution which takes place
in all liquids, and even in boiling water. It is for this reason that silks cannot bo
alumed with heat ; and that they lose some of their lustre in being dyed brown, a
colour which requires a boiling hot bath. The best mode, therefore, of avoiding
these inconveniences, is to boil the silks in the soap-bath no longer than is absolutely
necessary for the scouring process, and to expose them in the various dyeing operations
to a temperature as moderate as may be sufficient to communicate the colour. When
silks are to be dyed, much less soap should be used in the cleansing, and very little
for the dark colours. According to M. Eoard, raw silks, white or yellow, may be
completely scoured in one hour, with 15 lbs. of water for one of silk, and a suitable
proportion of soap. The soap and the silk should be put into the bath half an hour
before its ebullition, and the silks should be turned about frequently. The dull silks,
in which the varnish has already undergone some alteration, never acquire a fine
white until they are exposed to sulphurous acid gas. Exposure to light has also a
very good effect in whitening silks, and is had recourse to, it is said, with advantage,
by the Chinese.

Baumd contrived a process which does not appear to have received the sanction of
experience, but which may bo a guide in the right way. He macerates the yellow raw
silk in a mixture of alcohol at 36° (sp. gr. -0837) and one thirty-second part of pure
muriatw acid. At the end of fbrty-cight hours, it is as white as possible, and the
inoro so, the bettor the quality' of silk. The loss which it suffers in the menstruum,
is only one-fortieth

;
showing that nothing but the colouring-matter is abstracted.

The expense of this menstruum is the great obsfcicle to Baurae's process. Thealcolinl,
however, miglit be in a very great measure recovered, by saturating the acid witli
chalk, and rodiBtilling.
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Bleaciiixg of Wool.

_

Wool, liko tlio pi'ocoiling fibrous matter, is coveroil with a pociillar varnisli, wliich
imp;urs its qualities, ami provonts it from being cmployod in the raw state for the
purposes to which it is woU adaptod when it is scoured. The English givo the name
1/ol/c, and the French suinf, to that native coat : it is a fatty unctuous matter, of a
strong smell, which apparently lias its chief origin in tlio cutaneous i:)erspiration of
the sheep

; but which, by the agency of external bodies, may have undergone some
changes which modify its constitution. It results from the experiments of Vauque-
lin, that the i/olk is composed of several substances

;
namely, 1, a soap with basis of

potash, wliich constitutes the gi-eator part of it
; 2, of a notaljlo quantity of acetate of

potash
; 3, of a small quantity of carbonate, and a trace of chloride of potassium ; 4,

of a little lime in an unknown state of combination; 5, of a species of scbiiceous

matter, and an animal substance to which the odour is duo. There are several other
accidental matters present on sheep's wool.
The proportion of yolk is variable in different kinds of wool, but in general it is

more abundant the finer the staple ; the loss by scouring being 45 per cent for the
finest wools, and 35 per cent, for the coarse.

The yolk, on account of its soapy nnture, dissolves readily in water, with the

exception of a little free fatty matter, which easily separates from the filaments, and
remains floating in the liquor. It would then appear sufficient to expose the wools to

simple washing in a stream of water
;
yet experience shows that this method never

answers so well as that usually adopted, which consists in steeping the wool for some
time in simple warm water, or in warm water mixed with a fourth of stale urine.

From 15 to 20 minutes of contact are sufficient in this case, if wo heat the bath as

warm as the hand can bear it, and stir it well with a rod. At the end of this time

the wool may bo taken out, set to drain, then placed in largo baskets, in order to be

completely rinsed in a stream of water.

It is generally supposed that putrid lifiiio flcts on the wool by the ammonia which

it contains, and that this serves to saponify the remainder of the fatty matter not

combined with the potash, although M. Vauquelin gave another opinion. Fresh urine

contains a free acid, which, by decomposing the potash-soap of the yolk, counteracts

the scouring operation.

If wools are better scoured in a small quantity of water than in a great stream, we
can conceive that this circumstance must depend upon the nature of the yolk, whicli,

in a concentrated solution, acts like a saponaceous compound, and thus contributes

to remove the free fatty particles which adhere to the filaments. It should also be

observed that too long a continuance of the wool in the yoUc water, hurts its quality

very much, by weakening its cohesion, caiising the filaments to swell, and even to

split. It is said then to have lost its nerve. Another circumstance in the scouring of

wool, that should always be attended to, is never to work the filaments together to

such a degree as to occasion their felting ; but in agitating we must merely push

them slowly round in the vessel, or press them gently under the feet. Were it at all

felted, it would neither card nor spin well.

As the heat of boiling water is apt to decompose woollen fibres, wo should be careful

never to raise the temperature of the scouring bath to near this point, nor, in fact to

exceed 140° F. Some authors recommend the use of alkaline or soapy baths for

scouring wool, but practical people do not deviate from the method above described.

When the washing is completed, all the wool which is to be sent white into the

market, must be exposed to the action of sulphurous acid, either in a liquid or a

gaseous state. In the latter case, sulphur is burned in a close chamber, in which the

wools aro hung up or spread out ; in the former, the wools are plunged into water

moderately impregnated ivith the acid. (See Sulfhuking.) Exposure on the grass

may also contribute to the bleaching of wool. Some fraudulent dealers are accused

of dipping wools in buttermilk, or chalk-and-water, in order to whiten them and

increase their weight.
. i ^ *i

Wool is sometimes whitened in the fleece, and sometimes in the state ot yarn; tuo

latter affording tho best means of operating. It has been observed that the wool cut

from certain parts of tho sheep, especially from the groin, never bleaches well.

After sulphuring, tho wool has a harsh crispy feel, which may be removed by a

weak soap-bath. To this also the wool-comljor has recourse when lie wishes to

cleanse and whiten his wools to the utmost. Ho generally uses a soft or potasli soap,

and after tho wool is well soaked in the warm soap-bath, with gentle pressure lio

^vrings it weU with tho help of a hook, fixed at tho end of his ^^•ashl^g-tub, and hanga

The actual operations of purifying wool are so blended with tho methods of weav



jnff and working it, that, to show it fully, I shall give hero the process of preparing

lannels out of which the parts relating to cleansing may be taken.

? The wool is weighed out into parcels of 120 lbs. Add, on an average, 20 to 21 bs.

or io quarts of oil-rape-oil or olive, or mixed, or as is very common now oleic

.ucid which may be so used as not to be hurtful to the machinery in this condition.

This was introduced by Mr. M'Dougall.

2. It is then devilled or willowed, carded, slubbcd, and spun.

The warp portion is made at this stage if wanted. .
.

3. Scoured in the warp with urine and hot water, occasionally using a little ammonia.

4*. Sized with a mineral sizing, and put into the looms._
, , , ^

. . ,

5 If spun for weft, it is soaked, when on the bobbin, xMth cold water in a cistern, an

air-pump being used to extract the air from the threads and to compel the water to

enter.

6. The water is then removed by a revohnng water-extractor. This process

leaves the wofb full and soft. ,

Sldn-wool, so called, is taken from the skm by moans of lime, which makes tiio

oil stiff, forming a compound.
_ ^ •,• j-ir

7 The piece being now woven is gi-ey. It is sent to the finishing or lulling mill,

sprinkled over with urine and pigs' duug, and put under the fulling hammers until

^^T^U is^then washed out or scom-ed with cold water, raised with teasels, dried out

of doors or in a stove.
, . • ^ ^

Treated a little difiercntly, accordingly as Welsh or Lancashire is wanted.

9. It is then sprinkled again with soap-and-M-ator, and milled one to two hours in

the fulling-stock.

Three-quarters to 1 lb. of soap is given for each piece.

10. Cleared with cold water.
, i m i

11. Hung up wet in a sulphur-stove ; several pots of sulphur lighted, iho door is

shut till morning. Washed four to six hom-s in cold water, treated with finely-

ground indigo, dried, and a little further raised, pressed, and rolled up for sale.

If the flannel is AVelsh. it is dried and sprinkled with fullers' earth (instead of the

soap-and-water used for the Lancashire), well milled for some time, and then cleared

in cold water. It is then put into a cistern filled with water, having some soap

tlirown in as well as a few cakes of Prussian blue. This dipping is repeated three

or four times, and between each the flannel is milled in the fulling-stock. This

levels the colour. Wlien blue enough, the pieces arc dried and made up for sale.

It appears that Welsh flannel is not sulphured ; the cleaning is done entirely by

ammonia. .

Sulphuring—la the usual mode of sulphuring the cloth is hung on pegs or rails in

rooms which are called the sulphur chambers or stoves. An iron pot containing

sulphur is placed in each corner of the room, and the sulphur inflamed. The door is

then shut and clayed. By the morning the process is finished, and the door is opened.

This mode is objected to, 'bccauso the sulphur, not being properly burnt, lodges in the

cloth, and acts injuriously on it in the processes of dyeing or printing. Sparks also

are apt to rise up and injure the pieces, the sulphur not being pure, and burning

irregularly. Drops also of water impregnated strongly with sulphurous acid are apt

to fall from the roof, doing injury to the cloth.

To avoid these inconveniences Mr. Thom has invented a method by which the

cloth is rapidly carried through the sulphuring chamber, and subjected to the in-

fluence of the vapour on the principle of the washing-machine. A great deal of time

and space is of course saved ; it is on the same principle as the washing apparatus,

vapour being used instead of water. This has not yet been applied to thick woollen.

See Calico-Printing.

Bleaching of Mateeials for' Paper.

The bleaching of paper is conducted on the same principle as the bleaching of

cotton. Paper is made principally of two materials, cotton and flax, generally mixed.

The cotton-waste of the mills, which is that inferior portion which has become too

impure for spinning, or otherwise deteriorated, and cotton rags, are the principal, if

not the only, sources of the cotton used by paper-makers. Tho_ waste is sorted by
hand, the hard and soft being separated, and all accidental mixtures which occur

in it are removed. This is done at first roughly on a largo lattice, which is a

frame of wire cloth, having squares of about throe-quarters oi an inch, through

which impurities may fall. It is then ]put into a duster, which is a long rectangular

box,—itmay be ton feet long,—lying horizontally, the inside diameter about two feet,

and covered with wire gratings running horizontally, leaving openings of half aa
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inch in width. As this revolves, tho wasto is thrown from one anglo to the other,
and throws out whatever dust or other material falls into tho liolos or spaces. Tho
fibrous matter has littlo tendency to separate from the mass, whieli is Bomewluit
agglutinated by being damp, chiefly from tho oil obtained during the processes in
tho cotton-mill. A second duster, liowovcr, is used to retain whatever may bo of
value

; it is a kind of riddle. It is then transferred to tho lattices, which are a series
of boxes covered with wire gauze, tho moshes of which are about half an inch
square, and so arranged as to form a series of sorting tables. Tho sorting generally
is done Vy young women. Each table has a large box or basket beside it, into which
tho sorted material is thro'wn ; this is removed when filled, by being pushed along a
railroad or tramway. Pieces of stone, clay, leather, wood, nails, and other articles, are
taken out. The cotton is then put into a devil similar to that which is used in cotton

machinery, but having larger, stronger teeth, which tear it up into small fragments.

The rags are sorted according to quality, woollen carefully removed, and all the

unavailable material sent back to the buyer. They are then chopped up by a knife, on
tho circumference of a heavy wheel, into pieces of an inch wide, devilled, and dusted.

Tho rags and the cotton wasto are bleached in a similar manner. The cotton is

put into kiors of about ten feet in diameter, of a kind similar to those described, and
boiled -with lime. Tho amount of lime used is about 6 lbs. to a cwt. of cotton or

rags, but this varies according to the impurity. The lime removes a great amount
of impure organic matter, and, as in bleaching cotton cloth, lays hold of tho fatty

matter, of which there is a great deal in the waste. When taken out, it is allowed to

lie from two to three hours. The appearance is not much altered ; it appears as im-

pure as ever.

It is then put into the rag-engine and washed clean. This is a combined washing-

machine and filter, tho invention of Mr. Wrigley, near Bury. The washing may last

an hour and a half, or more. See Paper.
The cotton has now a bright grey colour, and looks moderately clean. It is full

of water, which is removed by an hydraulic press, the cotton being put into an iron

cylindrical box with perforated sides. It is then boiled in kiers or puffing boilers,

where soda-ash is used, at the rate of 4 to 5 lbs. a cwt. Only as much water is used

as will moisten the goods thoroughly. Much water would weaken the solution and

render more soda necessary. It is then washed again in the rag-engine ; afterwards

put into chloride of lime, acidified as in cotton-bleaching, and washed again in the

rag-engine.

Tho cotton rags are treated in a similar manner. The coloured rags are treated

fcoparately, requiring a different treatment according to the amount of colour ; this

consists cliiefly in a greater use of chloride of lime.

Some points relating to bleaching are necessarily treated of under Calico-

I'RTNTrNG.

The following were the countries to which our bleaching materials wore exported in

1871) and tho quantities exported to each:

—

Cwts.

To Russia 49,092

„ Sweden 4.158

„ Denmark 11,059

„ Germany . . . . . • 61,207

„ Holland 12,698

„ Belgium 16,046

„ France 4,258

„ United States, Atlantic .... 294,224

„ British North America .... 9,086

„ Other Countries 14,293

Total . . . 476,120

BI.aACBIlVG-X.XQUn>S. These liquids, manufactured for the bleacher, con-

tain metallic chlorides and hypochlorites. The most important are the liquid

' clilorides ' of lime, magnesia, soda, and potash. See Chloeides.

BX-EACHIKTO-POWDEK. See Chlohide of Lime.

B1.EAK. ( Cyprinus alburnus,) The scales of this fish are used for "mking the

' essence of pearl,' or essence d!oricnt, with which artificial pearls '-^^^

^/^"^if^^^^fj^^

the scales of the fish the optical effect is produced in the same
'^'^""f

"1^° "^^^

pearl, the grooves of the latter being represented by the "j"

margins of the concentric laminoB of which the scales are composed. Those fisJi are

caught in the Seine, the Loire, the Saone, the Rhine and
^^^^^f^^^^^

arc about four inches in length, and arc sold very cheap after tho scales are vasnca
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Aff Tf «aid that 4.000 fish are necessary for the production of a pound of scales,

t whki the ihorm^n of the Chalonnois get from 18 to 25 livros.

The pearl essence is obtained merely by well washing the scales which have been

scraped from the fish in water, so as to free them from the blood and mucilaginous

matter of the fish. See PEiRis, Abtificial.
.

MISWnE, from Bknden, Ger., to dazzle. Sulphide or sulphurot of zmc is a coni-

mon ore of zinc, composed of zinc 67, sulphur 33 ;
bufit usually con ains a certain

proportion of the sulphide of iron, which imparts to it a dark colour whence the name

of ' Black Jack,' applied to it by the Cornish miner^ The ore of this country gene-

rally consists of ziuc 61-5, iron 4-0, sulphur 33-0 B onde occurs c,ther inabotryoidal

form or in crystals (often of very complex forms), belonging to the tetrahedal division

of the cubic or monometric system. H= 3-5 to 4. Specific gravity= 3-9 to 4. See

^'in'^me^^'Sncts the presence of the sulphide of zinc is regarded by the miners as

a favourable indication, hence wo have tha phrase, ' Black Jack rides a good horse.

. In other localities it is thought to be equally unfavourable, and the miners say,

'Black Jack cuts out the ore.' For many years the English zmc ores were of little

value, the immense quantity of zinc manufactured by the VieiUe Montague Conipany,

and sent into this country, being quite sufl&cient to meet the demand. Beyond this,

tliere was some difficulty in obtaining zinc which would roll into sheets, from J^^ngiisli

sulphides. , . , ^ jy-t.

Much of the zinc obtained from blende is used in the manufacture of brass.

Pure blende is a mineralogical rarity ; the white and colourless vaTiety {Cleiophane)

of New Jersey, United States, was analysed by the late T. H. Henry, and found to

be absolutely pure, with the exception of a trace of cadmium. Blende nearly always

contains sulphide of iron. The following analyses of varieties of blende illustrate

ttljs ; SulpMde Sulphide
of Zinc of Iron

Charente . . . . . . 82-76 13-71

English 91-8 6-4

Production of Zinc Ore in the United Kingdom in the years 1870 and 1871, showing

the freduce of each district.

1870 1871

No. of Places
Mines

Zinc Ore Value
No. of

Mines Zinc Ore Yalnc

Tons cwt. qr. & s. d. Tons cwt. qr. £ s. d.

Englakd :

10 Cornwall , 92G 16 3 2,523 10 0 8 9.')2 7 2 2,325 10 6

2 Cumberland , 581 18 2 1,739 10 0 2 798 8 2 2,394 10 0

1 Devonshire . . 846 3 1 970 6 0. 1 670 11 3 1,562 1010
Derbyshire , 57 0 0 196 13 0 57 0 0 228 0 0

3 Shropshire , S99 11 0 1,274 13 0 3 880 12 0 969 6 0

1 Staffordshire

Wales :

76 0 0 262 4 0 1 45 0 0 168 15 0

1 Brecknockshire , 48 0 0 165 12 0 1 15 0 0 60 0 0

1 Carmarthenshlro . 67 0 0 201 13 0 1 60 0 0 210 0 0

C Cardiganshire 212 16 0 630 16 0 12 629 11 1 2,119 3 3

1 Carnarvonshire 61 17 2 213 10 0

2 Denbighshire , , 2,919 0 0 9,069 0 0 3 3,516 0 0 14,430 4 6

8,139 10 03 Flintshire 2,711 0 0 7,732 5 0 5 3,187 4 0

7 Montgomeryshire . 700 0 0 2,378 0 0 5 1,405 0 0 3,630 15 0
2 Isle of Man . 4,176 19 1 13,834 0 3 2 6,768 5 0 19,014 19 9

1 Ireland 812 8 0 937 1 0 2 321 10 0 964 10 0

Scotland 1 30 0 0 112 10 0

40 13,586 10 0 41,058 13 3 47 17,736 10 0 56,330 4 10

Metallic zinc produced, 1870, 3,936 tons ; 1871, 4,966 tons.

Imports.
Year Tons Tons Tons
1870 Zinc or Spelter 28,775 Zinc Ore 44,553 Oxide of Zinc 2,328

1871 Crude Zinc 20,929 Ditto 29,418 Manufactured 8,765

Exports.

1870 Zinc,British& Foreign 10,331 ... ... Oxide of Zinc 1,385
1871 Ditto ditto 6,452 Zinc ore 184 — —
In 13 out of 16 analyses of blende from different localities recorded by Ramrnels-

berg, iron is present in proportions varying from 1-18 to 18-1 per cent. Copper occa-
sionally occurs in blonde, but rarely above 1 per cent. Cadmium is a frequent, if not
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a gonoml constituont of blonde. The cadmifcrous varieties are termed Przibraviite.
Iho blonde from tlio King William mine at Claustiial contains, according to Kuhle-
maun, 0-63 per cent, of antimony, 0-79 of cadmium, and 0-13 of copper, besides 1-18
at iron. Elende is mot wth in association witii galena, iron-pyrites and copper-py-
rites, froin winch it should bo dressed as clean as possiide, although in this tliero is
80mo dmiculty, owing to tho very close approximation of the specific gravities of these
ores. Bleudo is occasionally argentiferous, and sometimes sufficiently so to allow of
the profitable extraction of tho silver. In ono of tlio mines in tlie Cliivorton district,
near Triu-o, Cornwall, somo very fine examples of this argentiferous Ijlende liavo been
discovered. In ono of tho zinc ores of Silesia, tho new metal Indium has been dis-
covered by the aid of spectrum analysis. Plattner states that blende occasionally
contiiins traces of tin and manganese.— (Percys Metallurgy.) Tho red varieties of
blende often contain from 2 to 3 per cent, of sulphide of cadmium, especially tliat

which is found at Marmato, near Popayan. Dana has quoted tho following analyses of
varieties of blende ;

—

Carinthia

New Hampshire
New Jersey

Tuscany

Sulphur Ziiio Iron Cadiiiinui

• • 32-10 64-22 1-32 trace

• • 32- 6 52-00 10-0 3-2

32-22 67-46 trace

• • 32-12 48-11 11-44 1-23

See Indium ; Marmatite.
BIiEtr SE Xi70isrs. See Aniline-Blue,
BXiEV DE PAHIS. Seo Aniline-Blue.

BIiXGHT. A disease in plants frequently produced by atmoepheric, or by physical

agencies. A peculiar blight has been referred to the action of the extra-spectral heat

rays. Blight is sometimes of insect origin, but more frequently it arises from parasitic

fungi. See Paeatheemic Eays and Fungi.

BXiZ^S COAXi, a name given to anthracite in some parts of Scotland. See An-
theacite.
BLISTER COPPER-OXIE. A botryoidal variety of copper-pyrites, which

has been found at the copper mines in the neighbourhood of Camborne, in remark-

ably fine masses. Of late years it has been but rarely found in those mines. See

COPPEE.
BIiSSTER-STEE]0. Bars of steel which exliibit blister-liko protuberances.

See Steel.

BXiOCS mANUrACTtTBE. Though the making of ships' blocks belongs

rather to a dictionary of engineering than of manufactures, it may be expected that

some account shoidd be given of the automatic machinery for making blocks, so ad-

mirably devised and mounted by Sir M. I. Brunei, for the British Navy, in tho dock-

yard of Portsmouth.

The series of machines and operations are as follows :

—

1. The straight cross-cutting saw.—Tho log is placed horizontally on a very low

bench, which is continued through the window of_ the mill into the yard. The saw

is exactly over the place where the log is to be divided. It is let down, and suffered

to rest with its teeth upon the log, the back still being in the cleft of the guide. Tho

crank being set in motion, the saw reciprocates backwards and forwards with exactly

the same motion as if worked by a carpenter, and quickly cuts through tho tree.

When it first begins to cut, its back is in tho cleft in tho guide, and this causes it to

move in a straight line ; but before it gets out of tho guide, it is so deep in the wood

as to guide itself ; for, in cutting across the grain of the wood, it has no tendency to be

diverted from its true lino by tho irregular gi-ain. Wlion the saw has descended

throu-^h tlio tree, its handle is caught in a fixed stop, to prevent its cutting the bench.

The machine is thrown out of gear, the attendant lifts up the saw by a rope, removes

tho block cut off, and advances the tree to receive a fresh cut.
_

2 The. circular cross-cuttinq saw.—This saw possesses universal motion
;
but tlio

axis is always parallel to itself, and the saw in the same plane. It can be readily

raised or lowered, by inclining the upper frame on its axis ;
and to move it sidowise,

the saw-frame must swing sidewise on its joints which connect it with the upper frame.

These movements aro effected by two winches, each furnished with a pair of equal

pinions, working a pair of racks fixed upon two long poles.
_
The spindles of these

winches aro fixed in two vertical posts, which support the axis of the upper frame.

Ono of these pairs of poles is jointed to tho extreme end of the upper frame; there-

fore, by turning the handle belonging to them, tho frame and saw aro elevated or do-
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1 ,-n Hl-1 manner the other pair is attached to the lower part of the saw-frame,

SX? ihe sat cTbo^^^^^^^ by means of their handles, which then swing

'^'Trelo^t^o hSs'^vrthTJ^^ a comploto command of the saw, which wo

suppose to be in rapid motion, the tree being brought forward and properly fixed By

one handle, ho di-aws the saw against one side of the tree which is thus cut into (per-

b half throu-h) ; now, by the other liandle, ho raises the saw up, and by the first-

SonodT^^^^^^^ dra;sit across the top of the txee and cuts it half tlirough from

the upper side ; he then depresses the saw and cuts half through the next side
;
and

lastly a trifling cut of the saw, at the lower side, completely divides the tree, which is

thou advanced to take another cut.

The great reciprocating saw is on the same principle as the saw-miU in common use

S^T^e^circular ripping saw is a thin circular plate of steel, with teeth similar to

those of a pit saw, formed in its periphery. It is fixed to a spindle placed horizontally,

at a small distance beneath the surface of a bench or table, so that the saw projects

a few inches above the bench through a crevice. The spindle being supported m
proper collars has a rapid rotatory motion communicated to it by a pulley on the oppo-

site end, round which an endless strap is passed from a drum placed overhead in the mill.

The block cut by the preceding machine from the end of the tree is placed with one

of the sides flat upon the bench, and thus slides forward against the revolving saw,

which cuts the wood with a rapidity incredible to any one who has not seen these or

similar machines.

4. Boring-machine—ThQ blocks prepared by the foregoing saws are placed in the

machine represented in fig. 140. This machine has an iron frame,^ a a, with three

legs, beneath which the block is introduced, and the screw near b being forced down

upon it, confines it precisely in the proper spot to receive the borers d and e.
_
This

spot is determined by a piece of metal fixed perpendicularly just beneath the_ point of

the borer e, shown separately on the ground at x ; this piece of metal adjusts the

position for the borer d, and its height is regulated by resting on the head of the

screw X, which fastens the piece x down to the frame. The sides of the block are

140

kept in a parallel position, by being applied against the heads of tliroe screws tapped
into the double log of the frame a. The borer d is adapted to boro the hole for the
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mvs'^ Jho ot . .

o-^a tly Porpond cu ar to the surfaco resting against the tliree

rolor'Both W-l''^^ tho commencement of the sheave

UDon tho ml nf T '^^"''tr^eted in nearly the same manner; they are screwed

„ arc ini i'" > "r'l "^T*^"'^ ^ l^^the. These frames.

The fo^nm o ^ '

'^'"^''l
the angular edges of the flat broad bars, i and k

its own T.nv- 1 ""''T^
^'''^ ^'^ ^'^'^'^

•
i« «^«<i upon a frame of

7 I M
centre-screws at l l. beneath the principal frame of the ma-

hole^n!^fff ^ ""^^"^ '^^'^'''^ l""its, SO as to bore

1
portions. These limits are determined by two screws, one of which

u'i 'i •

othor^ being on the opposite side, is invisible. They are tappedthiough hxod pieces projecting up from the frame. A projecting piece of metal fromthe undorside ot the slider k of the borer e. stops against the ends of these screws,
to limit the excursion ot tlie borer. The frames for both borers are brought up to-wards the block by moans of levers m and n. These are centred on a pin, at the op-
posite sules ot tile Irame of the machine, and have oblong grooves through them
which receive screw-pins, fixed into the frames g andn, beneath the puUovs p p which
give motion to the spindles.

i j ,
^

5. The moTtising-machine is a beautiful piece of mechanism, but too complicated for
description within the limits prescribed to this article.

6. The cormr saw, fiff. Ul, consists of a mandrel mounted in a frame A, and carrying
a circular saw, l. upon the extreme end of it. This mandrel and its frame being
exactly similar to those at g and h. Jig. 140, do not require a separate view, although
they are hidden behind the saw, except the end of the screw, marked A. This frame
IS screwed down upon the frame b b of the machine, which is supported upon four
columns, c c, D d, is an inclined bench, or a kind of trough, in which a block is laid
as at E, being supported on its edge by the plane c c of this bench, and its end kept
up to its position by the other part of the bench d d.
By sliding the block along this bench, it is applied to the saw, which cuts off its

angles, as is evident from the figure, and prepares it for the shaping engine. All the
four angles are cut off in succession, by applying its different sides to the trough or
bench. In the figure, two of them are drawn as being cut, and the third is just marked
by the saw. This machine is readily adapted to different sizes of blocks, by the simple
expedient of laying pieces of wood of different thickness against the plane d d, so as to

fill it up, and keep the block nearer to

or farther from the saw ; for all the
blocks are required to be cut at the
same angle, though, of course, a
larger piece is to be cut from largo

than from small blocks. The block
reduced to the state of e is now taken
to

7. The shaping-machine.—A great

deal of the apparent complication of

this figure arises from the iron cage

which is provided to defend the work-
men, lest the blocks, which are re-

volving in the circles or chuck with an
immense velocity, should be loosened

by the action of the tool, and fly out

by their centrifugal force. Without
this provision, the consequences of

such an accident would be dreadful,

as the blocks would be projected in

all directions, with an inconceivable

force.

8. The scoring-engine receives two
blocks as they come from the sliaping-

\jn engine, and forms the groove round

the longest diameters for the reception

of their ropes or straps, as represented

in the two snatch blocks and double

block, under ^^s. 140, 141.

A, B, fig. 142, represent the above

two blocks, each hold between two

small pillars a (the other pillar is hid behind the block), fixed in a strong platoD. and

pressed against the pillars by a screw h, which acts on a clamp d. Over the bloclcs a

pair of circular planes or cutters, E b, are situated, both being fixed on the eamo
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spindle, whicli is turned by a pulley in the middle of it. Tlie spindle is fitted in a
frame i' f, moving in centres at e e, so as to rise and fall when moved by a handle/.
This brings tlie cutters down upon tlie blocks ; and tlie depth to which they can cut

is regulated by a curved sliapo g, fixed by screws upon the plate d, between the
blocks. Upon this rests a curved piece of metal h, fixed to the frame f, and inclosing,

but not touching, the pulley. To admit the cutters to traverse the whole length of

the blocks, the plate n (or rather a frame beneath it) is sustained between the points

of two centres. Screws are seen at /, on these centres. The frame inclines when the
handle l is depressed. At m is a lever mth a weight at the end of it, counter-
bahincing the weight of the blocks, and plate d, all wliieh are above the centre on
which they move. The frame f is also provided with a counterpoise to balance the
cutters, &c. The cutters e e are circular wheels of brass, with round edges. Each
has two notches in its circumference, at opposite sides ; and in these notches chisels

are fixed by screws, to project beyond the rim of the wheel, in the manner of a plane-
iron before its face.

This machine is used as follows :—In order to fix the block, it is pressed between
the two pins (only one of which, at a, can be seen in this view), and the clamp d,

screwed up against it, so as just to hold the block, but no more. The clamp has two
claws, as is seen in the figure, each furnished with a ring entering the double prints
previously made in the end of the block. These rings are partly cut away, leaving
only such a segment of each as will just retain the block, and the metal between them
is taken out to admit the cutter to operate between them, or nearly so. In putting
the blocks into this machine, the workman applies the double prints to the ends of
the claws of the clamps, but takes care that the blocks are higher between the pins a
than they should be ; he then takes the handle /, and by it presses the cutters e e
(which we suppose are standing still) down upon the blocks, depressing tliem between
their pins at the same time, till the descent of the cutters is stopped by the piece h
resting on the shape g. He now turns the screws b b, to fix the blocks tight. The
cutters being put in motion cut the scores, wliich will be plainly seen by the mode of
adjustment just described, to be of no depth at the pin-hole ; but by depressing the
handle l, so as to incline the blocks, and keeping the cutters down upon their shape g,
by the handle /, they will cut any depth towards the ends of the blocks, which the
shape g admits.

By this means one quarter of the score is formed ; the other is done by turning both
blocks together half round in this manner. The centres I are not fitted into the plate d
itself, but into a frame seen at k beneath the plate, which is connected with it by a
centre-pin, exactly midway between the two blocks a b. A spring-catch, the end of
which IS seen at r, confines them together ; when this catch is pressed back, the plate
D can be turned about upon its centre-pin, so as to change the blocks, end for end, and
bring the unscored quarters (i. e. over *he clamps) beneath the cutters ; the workman
taking the handles y and i, one in each hand, and, pressing them down, cuts out the
second quarter. This might have been effected by simply lifting up the handle l;
but m that case the cutter would have struck against the grain of the wood so as to
cut rather roughly

; but by this ingenious device of reversing the blocks, it always
cuts clean and smooth, in the direction of the grain. The third and fourth quarters
ot the score are cut by turning the other sides of the blocks upwards, and repeating
the above operation. The shape g can be removed, and another put in its place, for
different sizes and curves of blocks ; but the pins a and holding-clamps will suitmany dinerent sizes.

By these machines the shells of the blocks are completely formed, and they are
next polished and finished by hand labour ; but as this is performed by tools and
methods which are well known, it is needless to enter into any explanation • the
finishing required being only a smoothing of the surfaces. The machines cut so per-
fectly true as to require no wood to be removed in the finishing; but as they cut
without regard to the irregularity of the grain, knots, &c., it happens that many parts

bremployeT° ™ """^ ^^'^ ^^'^ purpose, manual labour alone can

The lignum vitse for the sheaves of the blocks is cut across the grain of the woodby two cross-cutting saws, a circular and straight saw, as before mentioned. Thesemachines do not essentially differ in their principle from the great cross-cuttin^ sawswe have clescnbed, except that the wood revolves while cutting, so that a small sawwiu reach the centre of a large tree, and at the same time cut it truly flat Thesemachines cut off their plates from the end of a tree which are exactly the thickness for

IndllT f • fr'- P^'"'' ^" '''^^'^'''^ ^""^ "i^sfc roundedana centred in the crown saw,
j-uuuuou

9 The crown saw is represented in fig. 143 (p. 402), where A is a pulley revolvinj.by means of an endless strap. It has th^ gown or trepan saw a fixed to ?t' by f
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is perfectly cylindrical.

serow cut within the piece, upon whicli tlio saw is fixed, and whicli gives tlie ring or
hook of the saw sufficient stability to i^orform its office. Both the pulleys and saw
revolve together upon n truly cylindrical tube b, -wliich is stationary, being attached Ijy
a flanch c to a fixed puppet it, and on tliis tube as an axis tlie saw and pulley turn,

and may bo slid endwise by a collar

fitted round tlie centre-piece of the pulley,

and having two iron rods (only one of

which can bo seen at d in the figure),

]iassing tlirough lioles made through tlio

flanch and puppet b. When the saw is

drawn back upon its central tube, the

end of the latter projects beyond the

teeth of the saw. It is by means of this

fixed ring or tube within the saw, that
the piece of wood c is supported together

during the operation of sawing, being
pressed forcibly against it Ijy a screw d,

acting through a puppet fixed to the
frame of the machine. At the end of

this screw is a cup or basin which applies

itself to the piece of wood, so as to form
a kind of vice, one side being the end of

the fixed tube, the other the cup at the end
of the screw d. Within the tube b is a
collar for supporting a central axis, which

The other end of this axis (seen at /) turns in a collar of

the fixed puppet e. The central axis has a pulley f, fixed on it, and giving it motion

by a strap similar to the other. Close to the latter pullej', a collar g is fitted on the

centre-piece of the pulley, so as to slip round freely, but at the same time confined

to move endwise with the pulley and its collar. This collar receives the ends of the

two iron rods d. The opposite ends of these rods are, as above mentioned, connected

by a similar collar with tlie pulley A of the saw a. By this connection, both the

centre-bit, which is screwed into the end of the central axis /, and the saw sliding

upon the fixed tube b, are brought forward to the wood at the same time, both being

in rapid motion, by their respective pulleys. .

10. The coaking-engine.—This ingenious piece of machinery is used to cut the three

semicircular holes which surround the hole bored by the crown saw, so as to produce

a cavity in the centre of the disc.

11. Face-turning lathe.—The sheave is fixed against a flat chuck, similar to that in

the coaking-engine, except that the centre-pin, instead of having a nut, is tapped into

the flat chuck, and turned by a screw-driver.

A complete set of this block machinery has since been made, by Messrs. Maudslay

and Field, for the Spanish Government, from the original drawings and models.

Iron blocks and sheaves have been introduced with great advantage by Messrs.

Brown and Lenox, and are used extensively in the naval and merchant services. See

BIiOCK TIM". Metallic tin cast into a block, the weight of which is now about

3i cwts. Formerly, when it was the custom to carry the blocks of tin on the backs of

mules, the block was regulated by what was then considered to be a load for the mule,

at 2i cwts. Subsequently, the block of tin was increased in size, and made as much

as two men could lift, or 3 cwts. It was the custom to order so many blocks of tin,

and the smelter, being desirous of selling as much tin as possible, continued to in-

crease the size of the block,, so that, although U cwts. is the usual weight, many

blocks are sold weighing 3| cwts. The term is also applied to articles made of tinned

iron. See Tin. ,,r j t.
•

i

BIiONS l«ETAIi. A Clayband ironstone found near Wednesbury. it is useci,

when smelted, for making tools. .

BX.OOZ>. (Sana, Fr. ; Blut, Ger.) The liquid which circulates m the arteries

and veins of animals; bright red in the former and purple in the latter, among all

the groups whose temperature is considerably higher than that of the atmosphere Its

specific gravity varies with the nature and health of the animal, being from 1-Oo2/ to

1-0570 at 60° F. It has a saline sub-nauseous taste, and a smell peculiar to each

animal. It consists of a transparent, nearly colourless liquid, called tlie
^^5"«^J«-

guinis, or plasma, in whicli vast numbers of microscopic corpuscles are suspended.

Those corpuscles are of two kinds, some being white or cc)Wm- transparent eel s

whilst others, far more numerous, are of a red tint, and impart the charac^ii^^^^^^

colour to the blood. The rod corpuscles arc present only in the blood of ^ ertobratcd
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animals and vary considerably in size and shape in dififerent groups of the vertebrata,

Thov are always, however, flattened disc-like bodies, oval or circular m outline, and

with or without a nucleus. These corpuscles consist apparently of an albuminoid

substance enclosing a red fluid. This fluid is now recognised as a definite crystallisable

compound, containing iron, and termed hmmocjlohin, hcemoglobuli7i or h<Bmatoglobuliii.

Htemoo-lobin may be resolved into two substances called globulin and haonatm. The

so-called blood-crystals vary in shape, and are in many cases characteristic of the

animal from which the blood was taken. The hsemoglobin of the dog has been found

to contain

—

Carbon 53*85

Oxygen 21*84:

Hydrogen • .
7*82

Nitrogen 16*17

Sulphur 0*39

Iron 0*43

100-00

The liquor sanguinis, or colourless liquid in which the corpuscles freely float,

contains fibrin (or rather two albuminous substances which readily form fibrin, and

are called paraglobuUn and fibrinogen), albumen, fatty matter, and certain saline sub-

stances. On the coagulation of blood, the fibrin separates in a gelatinous form,

carrying with it the red corpuscles ; this mixture of fibrin and corpuscles forms the

clot, or crassamentum, whilst the remainder of the blood constitutes the liquid known

as scrum. If the warm blood be switched with a bundle of twigs as it flows from the

veins, the fibrin concretes and forms long fibres and knots, Avhile it retains its usual

appearance in other respects. The clot contains fibrin and colouring-matter in various

proportions. Berzelius found, in 100 parts of the dried clot of blood, 35 parts of

fibrin, 58 of colouring-matter, 1*3 of carbonate of soda, 4 of an animal matter soluble

in water, along with some salts and fat. The specific grai^tyof the serum varies from

1*027 to 1*029. It forms about three-fourths of the weight of the blood, has an

alkaline reaction, coagulates at 157° F. into a gelatinous mass, and has for its leading

constituent albumen to the amount of 8 per cent., besides fat, potash, soda, and salts

of these bases. Blood does not seem to contain any gelatine. Fat and sugar are

found in blood, the quantities varying with the health of the animal. For a very full

account of the researches made by chemists on bipod, see ' Watts's Dictionary of

Chemistry.'

The red colouring-matter called hematosine may bo obtained from the cruor, or

hzEmoglobin, by washing with cold water and filtering. Professor Stokes, in a paper
' Oti the Beduction and Oxidation of tlic Colouring-Matter of the Blood,^ has published

some very curious results. By spectrum-analysis he has been led to infer that the

colouring-matter of blood, like indigo, is capable of existing in two states of oxida-

tion, distinguishable by a difference of colour and a fundamental diiferonco in the action

on the spectrum. It may be made to pass from the more to the less oxidised state, by
the action of suitable reducing agents, and recovers its oxygen by absorption from
the air. This colouring-matter in its two states of oxidation, Professor Stokes
proposes to call scarUt cruorine and purple cruorinc,—Proceedings of the Royal Society,

vol. xiii. p. 355 (1864).
Mr. Sorby has also published in tlie ' Quarterly Journal of Science.^ No. VI., April

1865, a paper ' On the Detection of Blood Stains by Spectrum-Analysis,' in which ho
shows how it may be employed with great reliance in cases of the highest judicial

importance. These two papers should be consulted.

Blood may be dried by evaporation at a heat of 130° to 140°, and in this state has
been transported to the colonies for purifying cane-juice. It is used for making
animal charcoal in the Prussian-blue works, and, by an after-process, a decolouring
carbon. It is employed in some Turkey-red dye-works. Blood is a powerful manure.

JVIr. Pillans, in 1854, took out a patent for the separation of the colouring-matter of
the blood, by which he obtained readily—1st, the clot, in a comparatively dry state,

comprising hsematosine, with a portion of serum and all the fibrin
; 2nd, a portion of

serum, highly coloured with hsematosine
; 3rd, the clear serum.

The blood, in small fragments, is dried on wirework or trays, at a less temperature
than will coagulate the haematosiue, so that, when dry, it may bo soluble in water

;

110° to 115° is the temperature recommended.
The clear serum is dried and ground and in a fit state to be used as albumen, and

may be employed by tlio printers of textile fabrics for fixing ultramarine blue and
other colours, or as a substitute for ogg albumen, both in printing colours and in
refining liquids.

D D 2
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BXiOOBSTOWE. A very hard, compact variety of hsematito iron ore, which,
when reduced to a suitable form, tixod into a handle, and well polished, forms thchest
description of l)urui«her for producing a high lustre on gilt coat-buttons. The gold
on china is burnished by the same moans.

Bloodstone is a name also applied to the jaspery variety of quartz known as the
heliotrope, coloured deep green, with interspersed blood-red spots like drops of blood.

BXiOOM. The name given to a mass of iron after it leaves the puddling furnace.

Soo Iron.

BXiOOMARV. The old iron-fiirnaccs wore so called.

BXiOWING MACHIM'Z: and FAHiTS. See luoN, Metali.uugy, Vkntilation.

BIiOWPIPE. {C7/ahmeaH,'Yr. ;
LuthtoJir, Giiv.) Jewellers, mineralogists, che-

mists, cnamcllers, &c., make frequent use of a tube,—usually bent near the end,

—

terminated with a finely-pointed nozzle, for blowing through the flame of a lamp,

candle, or gas-jet, and producing thereby a small conical

flame possessing a very intense heat.

The blowpipe is so extremely useful to the manufacturer

and to the miner that a more exact description of the in-

strument is required.

Wlien we propel a flame by means of a current of air

blown into or upon it, the flame thus produced may be

divided into two parts, as possessing different properties

—that of reducing under one condition, and of oxidising

under another.

The reducing flcane is produced by blo%ving the ordinary

flame of a lamp or candle simply aside by a weak current

of air impinging on its outer siirface ; it is therefore un-

changed except in its direction. Unconsvmied carbon, at

a white heat, giving the yellow coloiu^ to the flame, coming

in contact with the substance aids in its reduction.

The oxidising flame is formed by pouring a strong blast

of air into the interior of the flame ; combustion is thus

thoroughly established, and if a small fragment of an

oxidisable body is held just beyond the point of the

flame, it becomes intensely heated, and, being exposed

freely to the action of the surrounding air, it is rapidly

oxidised.

The best form of blowpipe is the annexed (fig. 144),

which, with the description, is copied from Blanford's

excellent translation of Dr. Theodore Scheerer's ' Introduc-

tion to the Use of the Mouth Blowpipe.'

The tube and nozzle of the instrument are usually made

of German silver, or silver ^vith a platimrm point, and a

trumpet-shaped mouth-piece of horn or ivory. Many blow-

pipes have no mouth-pieces of this form, but are simply

tipped with ivory, or some similar material. The air-

chamber A serves in some degree to regulate the blast and

receives the stem b, and the nozzle which are made

separately, and accurately ground into it, so that they ma,y

be put together or taken apart at pleasure. The point b is

best made of platinum, to allow of its being readily cleaned,

and is of the form shown in the woodcut. When the in-

strument is used, the mouth-piece is pressed against the

lips, or, if this is wanting, the end of the stem must be

held between the lips of the operator. The former mode is far less wearying than

the latter: and whereas, with the trumpet mouth-piece, it is easy to maintain a

continued blast for five or ten minutes, without it it is almost imijossible to sustain an

unbroken blast of more than two or three minutes' diu-ation. While blo^nng, the

operator breathes through his nostrils only, and, using the epiglottis as a valve,

forces the air through the blowpipe by means of the cheek muscles.
,

Some years since, Mr. John Prideaux of Plymouth, P^^^ed some va uable S^^^^^

gestions' for the use of the blowpipe by working miners.
Pf^^^^^^^^

paper appear so useful, especially under c rcumstances which
^^^.^^"^^,1^^;, "^^^

superior instruments, &c., that it is thought advisab e to.transfer them

Por ordinary mctallurgic assays, the common blowpipe does . oTy well A me^^^

tapering tube, 10 inches long, h inch diameter at one end,
""f.^^'^^^JP'^l^f. f^^^^

other Bclircely equal to admit a pin of the smallest kind, the
«'"'^l\«;,,'";^^Xsed^fr^^^

li inch to a right angle. A bulb at the bond, to contain the vapour condensed from
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the brcatli, is useful in long operations, but may generally bo dispensed -with. In

selecting tlio blo-\vpipo, the small aperture should bo choson perfectly round and

smooth, othemiso it Avill not command a good flame.

A common candle, such as the miner employs under ground, answers very well for

the flame.
, . , , , .

To support the subject of assay, or ' the assay, as it has been happily denomi-

nated by Mr. Children, two different materials are requisite, according as we wish to

calcine or reduce it. For the latter purpose, nothing is so good as charcoal ; but that

from oak is less eligible, both from its inferior combustibility and from its containing

iron, than that from alder, willow, or other light woods.

For calcination, a yery convenient support, where platinum wire is difficult to pro-

cure, is white-baked pipe-clay or china-clay, selecting such as will not fuse nor become

coloured by roasting with borax.

The supports are conveniently formed by a process of Mr. Tennant. The clay

is to be beaten to a smooth stiff body ; then a thin cake of it being placed between a

fold of writing-paper, it is to be beaten out with a mallet to the tliickness of a wafer,

and cut, paper and all, into squares of fths inch diameter, or triangles about the same
size. These are to be put in the bowl of a tobacco-pipe, and heated gently till dry,

then baked till the paper is burnt away, and the clay left perfectly white. They
should be baked in a clear fire, to keep out coal dust and smoke as much as possible,

as either of these adhering to the clay plates would colour the borax in roasting. A
small fragment of the bowl of a new tobacco-pipe will serve instead in the absence of

a more convenient material.

A simple pair of forceps {fig. 145), to move and to take up the hot assay, may be made
of a slip of stiff tin plate, 8 inches long,

-J-
inch wide in the middle, and ^^th inch at the

ends. The tin being rubbed off the points on a rough whetstone, the slip is to be
bent until they approach each other within an inch and the two sides are parallel

;

thus there will be spring enoiigh in the forceps to open and let go the assay when
not compressed by the finger and thumb.

145 146

A magnetic needle, very desirable to ascertain the presence of iron, is easily made
of the requisite delicacy where a magnet is accessible. A bit of thin steel wire, or a
long fine stocking-needle, having \ inch cut of at the point, is to be heated in the
niiddle that it may be slightly bent there {fig. 146). While hot, a bit of sealing-wax
is to be attached to the centre, and the point which had been cut off, being heated at
the thick end, is to bo fixed in the sealing-wax, so that the sharp end may serve as a
pivot, descending about |th inch below the centre, taking care that the ends of the
needle fall enough below the pivot, to prevent it overturning. It must be magnetised,
by sliding one end of a magnet half a dozen or more times from the centre to one end
of the needle, and the other end a similar number of times from the centre of the
needle to its other end. A small brass thimble (not capped with iron) will do for the
support, the point of the pivot being placed in one of the indentations near the
centre of the tap, when, if well balanced, it will turn until it settles north and south.
If one side preponderate, it must be nipped until the balance be restored.
A black gun-flint is also occasionally used to rub the metallic globules (first attached,

whilst warm, to a bit of sealing-wax), and ascertain the colour of the streak which
they give. Thus minute particles of gold, copper, silver, &c., are readily discriminated.
A little refined borax and carbonate of soda, both in powder, will complete the
requisites.

Having collected these materials, the next object for the operator is to acquire the
faculty of keeping up an unintermittent blast through the pipe whilst breathing freely
through the nose.

A very sensitive and, for most purposes, sufficiently delicate balance {fig. 147, p
406) was also devised by Mr. Prideaux, of which the followng is a description.
The common marsh-reed, growing generally in dump places throughout the king-

dom, mil yield straight joints, from 8 to 12, or tiioro, inches long; an 8-inch joint
will scr\-o, but the longer the better. The joint is to be split down its whole length
so as to form a trough, say \ inch wide in the middle, narrowed away to ^rd inch at
the ends. A narrow slip of writing-paper, the thinner the better (bank-post ia very
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convoniont for tho purpose), and as long as tho rood trougli, is to he stuck with common
paste on tho face of a ciirponter's rule, or, in preference, that of an exciseman,—as tho
inches are di\adod into tenths instead of eigliths ;—in either case oh.serving tliat tho
divisions of tho inch on tlio rule bo left uncovered by the paper, Wlien it is dry,

linos must bo drawn tho wholo length of it, ith inch apart, to mark out a stripe -J-tli

inch wide. Upon this stripe tho divisions of tho inch aro to ho ruled off by means of

a small square.

Tho centre divsion being marked 0, it is to bo numbered at every fourth line to tlie

ends. Thus the fourth from tho centre on each side will bo 10 ; tlie eighth, 20 ; tho

twelfth, 30 ; the sixteenth, 40, &c. ; and a slip 10 inches long, graduated into

tenths of an inch, -will have on cacli arm 60 lines, or 125 degrees, divided by these

lines into quarters. "While tho lines and numbers are drying, the exact centre of the

reed-trough may bo ascertained, and marked right across, by spots on the two edges.

A lino of gum-water, full ith inch wide, is then laid with a camel-hair pencil along the

hollow, and the paper being stripped from the rule (which it leaves easily), tho gra-

duated stripe is cut out with scissors, and laid in the trough, with tlie lino 0 exiictly in

the centre. Being pressed to the gummed reed, by passing tho round end of a quill

along it, it graduates the trough from the centre to each end. This graduation is very

true, if well managed, as the paper does not stretch with tho gum-water after being

laid on the rule with tho paste.

s?;;^i"ui'riiiTp.r,MTnirM??nrriiifii
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A very fine needle is next to be procured (those called bcad-neodles are the finest)

and passed through a slip of cork the -nidth of the centre of the trough, about |th

inch square, ith thick. It should be passed through \nth care, so as to bo quite

straight. The cork should then be cut until one end of it fits into the trough, so that

the needle shall bear on the edges exactly in tiie spots that mark the centre, as it is

of importance that the needle and the trough bo exactly at right angles with each

other. The cork is now to be fixed in its place with gum-water, and, when fast dry,

to be soldered down on each side ^vjth a small portion of any soft resinous cement, on

the point of a wire or knitting-needle ; a little cement being also applied in the same

manner to the edges of the cork whore the needle goes through, to give it firmness,

the beam is finished. It may be balanced by paring the edges on the heaviest side

:

but accurate adjustment is needless, as it is subject to vary with the dampness or dry-

ness of the air.
. , , . « , , . v

The support on wliich it plays is a bit of tm plate (or, in preference, brass plate),

l^ths inch long, and 1 inch wide. The two ends are turned up square fths of an

inch, gi^nng a base of |ths of an inch wide, and two upright sides fths high. The

upper edges are then rubbed down smooth and square upon a Turkey stone, letting

both edges bear on the stone together that they may exactly correspond, Por use, tho

beam is placed evenly in the support, with the needle resting across the edges. Being

brought to an exact balance by a bit of witing-papor, or any other substance, placed

on the lighter side, and moved toward the end until the equilibrium is produced, it

will turu'^Avith extreme delicacy, a bit of horsehair, 1th inch long, being sufficient to

brine; it down freely. . j j •

It must not bo supposed that any such instrument as this is recommended as in any

wav substituting tho beautiful balances which are constructed for the chemist, and

others requiring to weigh .vith great accuracy.
_
The object is ^ \°

the

miner a method by which he may construct for himself a balance which shall be suf-

ficiently accurate for such blowpipe investigations as it may be important for him to

earn to perform for himself. If the suggestions of the chemist who devised the above

bairnco Ld been can-ied out, much valuable mineral matter which has been lost might

"^Z^^^^S^^T^^^^es, as in. soldering, in hardening and

tempering^SiSl tools, inV-s-hlo-ing. and in enamelling. In man^ c-^^^^ the Wow-
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deserlbecl : • A common wido-mouthecl tottlo is carefully fitted with a caoutchouc cork

bored Avith two holes, into each of which passes a piece of glass tube bent at a right

an"-lo. On to one of these tubes is slipped the caoutchouc tube coming from an

ordinary caoutchouc bellows, whilst the other is put in_ communication yvith. the

blowpipe nozzle by means of four pieces of caoutchouc tubing joined by throe pieces

of glass tube, drawn to a fine point at each end. This forms the main peculiarity of

the arrangement. AVhen air is forced into the bottle by the blower in jerks, it finds

a diflSculty in escaping as fast as it comes in, on account of the six fine openings in

the glass tubes that it has to pass through on its way from the bottle to the nozzle,

and it thus acquires a certain pressure in the bottle, and flows out towards the nozzle

as a regular blast. The bottle may be about 6 inches high by 3^ inches wide, with a

neck Ih inch in diameter; but the dimensions are of no great importance. On the

whole a somewhat large bottle is better than a small one. The pieces of glass tube

we employ are 2 inches long by |rd inch in diameter. The apparatus will be stronger

if instead of a glass bottle a tin cylinder is used, about 4 inches high by 2 inches in

diameter, vnth two tin tubes opening into its top. Small metal cylinders with a fine

hole at each end may be used instead of the little glass tubes.'

Many blowpipes have been invented for the employment of oxygen and hydrogen,

by the combustion of which the most intense heat which we can produce is obtained.

Professor Hare, of Philadelphia, was the first to employ this kind of blowpipe, when
he was speedily followed by Clark, Gurney, Leeson, and others. The blowpipe, fed

with hydrogen, is employed in many soldering processes with much advantage.

The general form of the ' workshop blowpipe ' is that of a tube open at one end,

and supported on trunnions in a wooden pedestal, so that it may be pointed vertically,

horizontally, or at any angle as desired. Common street gas is supplied through
one hollow trunnion, and it escapes through an annular opening, while common air is

admitted through the other trunnion, which is also hollow, and is discharged in the

centre of the hydrogen through a central conical tube ; the magnitude and intensity

of the flame being determined 'by the relative quantities of gas and air, and by the
greater or less protrusion of the inner cone, by which the annular space for the hy-
drogen is contracted in any reqiiired degree. See Autogenous Solpehing.
BXiVBBER. The cellular membrane of the whale, containing the oil. See

Oil,

BXiUS COPPERAS, or BXiUE STONE. The commercial or common names
of sulphate of coppep. See Copper, Sulphate of.

BIiVE GVM. The Eucalytics (jlobulus (Lah.), a, tree common in Tasmania and
South-Eastern Australia, and valuable for its timber and for the gum which it

secretes.

BXiVE XROSr-ORE. See Vivianite.
BI.VE JOHnr. A beautiful variety of fluor spar, found at Tray ClilF, near Castle-

ton, Derbyshire, from which vases and other ornamental articles are wrought. It is

now becoming scarce. See Pi,uon Spar.
BIiTTE IiEAD. A name used sometimes by the miners to distinguish galena from

the carbonate, or white lead. A variety of galena, to which this name has been applied,
and which is pseudomorphous after pyromorphite, has been found at Herodsfoot
mine, and Huel Hope in Cornwall, and at some mines in Saxony and Trance. The
specimens from Huel Hope would burn in tlio flame of a candle like the supersulphide
of lead.

BIiVE PIGMENTS. The blues of vegetable origin, in common use, are indigo
and litmus. The blue pigments of a metallic nature found in commerce are the fol-
lowing -.—Prussiati blue ; scsqui-ferrocyanide of iron, called also Berlin blue ; moun-
tain blue, a carbonate of copper mixed with more or less earthy matter ; Bremen blue,
or verditer, a greenish-blue colour obtained from copper mixed with chalk or lime

;

iron blue, phosphate of iron, but little employed; cobalt blue, a colour obtained by cal-
cining a salt of cobalt with alumina or oxide of tin

;
S77ialt, a glass coloured with

cobalt and ground.
Molybdenum blue is a combination of this metal and oxide of tin, or phosphate of

hme. A blue may also be obtained by putting into molybdic acid (made by digesting
sulphurct of

_

molybdenum with nitric acid), some filings of tin, and a little muriatic
acid. The tin deoxidises the molybdic acid to a certain degree, and converts it into
the molybdous, which, when evaporated and heated with alumina recently iDrecipitated,
forms this blue pigment.

Ultramarine is a beautiful blue pigment.
TimibuWs and Chinese blues are both double cyanides of iron.
King's blue.—A carbonate of cobalt.
Saxon blue.—A solution of indigo in sulphuric acid.
BI.WE VZTRXOX.. Sulphate of copper. When found in nature, it is due entirely
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to the decomposition of tlio sulpluilcs of copper, especially of the yellow copper pyi-ites,
winch are liable to tins change when placed under the influence of jnoiBt air, or of
water containing air. See Coppeu.
BOO. The name given to accumuLitions of pnat-earth. See Pkat.
BOG-BUTTER. A hydrocarbon compound, like spermaceti, found in the bogs

ot irolaiid. Sco Adipockbe.
BOC-EARTH. A soil formed of vegetable fibre and sand.BOOHEAB COAXi, and other Brown Scotch Canncl. Goals. The brown cannels

are chiefly confined to Scotland, and have been wrought, with the exception of the
celebrated Boghead, for the last forty years. They are found at Boghead, near
Bathgate

; Eocksoles, near Airdrio
; Pirnio, or Methill

;
Capeldrea, Kirkness, and

Wemyss, in Fife. The first-named coal, about which there has been so much dispute
as to its nature, has only been in the market about fourteen years. It is considered the
most valuable coal hitherto discovered for gas- and oil-making purposes

;
but, strange

to say, the middle portion of the Pirnie, or Methill, seam, which was unnoticed for
a long period, is nearly as valuable for both purposes.
Boghead. Amorphous; fracture subconchoidal, compact, containing impressions

of the stems of Sigillaria, and its roots {Stigmarice), with rootlets traversing the mass.
Colour, clove-brown, streak yellow, without lustre ; a non-electric ; takes fire easily,
splits, but does not fuse, and burns with an empyreumatic odour, giving out much
smoke, and leaving a considerable amount of white ash. H 2*5. Specific gravity,
1-2.

According to Dr. Stenhouse, P.K.S., its composition is :

—

Carbon . . 65"72
Hydrogen 9-03

Nitrogen 0*72
Oxygen 478
Ash 19-75

100-00

Dr. Stenhouse's analysis of the ash of Boghead coal (the mean of three analyses),

was as follows :

—

SiUca 68-31

Alumina 33'65

Sesquioxide of iron 7-00

Potash 0-84

Soda 0-41

Lime and sulphuric acid traces.

Dr. Andrew Pyfe, F.E.S.E., found on analysis that the coal yielded, from a picked

specimen, 70 per cent, of volatile matter, and 30 per cent, of coke and ash. From a

ton he obtained 14-880 cubic feet of gas, the illuminating power of which was deter-

mined by the use of the Bunsen photometer, the gas being consumed by argands

burning from 2J to 3^ feet per hour, according to circumstances. The candle referred

to was a spermaceti candle, burning 140 grains per hour.

Cubic Feet of

Gas per Ton of

Coal

Specific

Gravity

^ Condensation
by Chlorine
in 109 Parts

Durability 1

foot bums

Illuminating
Power 1 foot
=Light of

Candles

Pounds ot

Coke per Ton
of Coal

14-880 •802 27
Min. Sec.

88 25 7-72 760

The Pirnie or Methill brown cannel, on examination

Specific gravity....
Gas per ton ....
Illuminating power .

Coke and ash
Hydro-carbons condensed by bromine

Sulphuretted hydrogen

Carbonic acid ....
Carbonic oxide

Volatile matter in conl

Specific gravity of gas

gives the following results :—

1-126

13,500 feet

28 candles

36 per cent.

20

65
•700
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Tho Bo-hoad coal occurs in tho higher part of the Scotch coal-fiold, in ahout the

TDOsiSon of the ' slaty band ' of ironstone ; its range is not more than 3 or 4 miles in the

hnds of Torbane, Inchcross, Boghead, Capper's, and Bathvale near Bathgate, m the

cminty of Linlithgow. In thickness it varies from 1 to 30 inches, and at the present

rapid rate of consumption, it is feared it cannot last many years.
_

The following section of a pit at Torbane shows that tho cannel occurs m ordinary

coal-measures, and under circumstances common to beds of coal

Boghead house-coal ....
Arenaceous shale ....
Slaty sandstone

Shale and ironstone, containing remains

and shells

Cement stone (impure ironstone)

Boghead cannel ....
JFire-clay, full of Stigmar'm

Coal (common) . . .
•

Black shale

Coal
Shale

Coal . ^

Fire-clay

Hard shale . . . . •

Thin laminae of coal and shale .

Common coal . . . . •

Pire-clay

of plants

Ft. In.

2 7

6 0

0 7

0 10

0 4

1 9

0 5

0 6

0 Of
0 1

0 Of
0 0^
0 U-
0 3

0 H
0 6

0 0

One of tho chief characters of this cannel is its indestructibility under atmospheric

agencies ; for whether it is taken from the mine at a depth of fifty fathoms, or at the

outcrop, its gas- and oil-yielding properties are the same. Even a piece of the

mineral taken out of tho drift-deposits, where it had most probably lam for thousands

of years, appears to be just the same in quality as if it had been but lately raised from

the mine.
, n i j. i i

In the earth the seam lies parallel to its roof and floor, like other beds of coal
;
and

it is traversed by the usual vertical joints, dividing it into the irregular cubes which

so generally characterize beds of cannel. The roof lying above the cement-stone

contains remains of Calamites ; and the ironstone nodules, fossil shells of the genus

Unio. The floor of the mine contains Stigmarice ; and the coal itself affords more

upright stems of Sigillarics, and its roots (Stiffmarie) and their radicles, running

through the seam to a considerable distance, than the majority of coals show. In these

respects it entirely resembles tho Pirnie or Methill seam. Most cannels aSord

remains of fish ; but in Boghead no traces of these fossils have yet been met -with,

although they have been diligently sought after.

The roots in the floors, and the upright stems of trees in the seam itself, appear to

show that the vegetable matter now forming the coal grew on the spot where_ it is

found. If the mangroves and other aquatic plants, at the present day found growing in

the black vegetable mud of tho marine swamps of Brasstown, on the west coast of Africa,

were quietly submerged and covered up with clay and silt, we should have a good

illustration of tho formation of a bed of carbonaceous matter showing no structure,

mingled with stems and roots of trees showing structure, wliich is the case with Bog-

head coal, the structure being only detected in those parts showing evidence of stems

and roots, and not in the matrix in which those fossils are contained.

The chemical changes by which vegetable matter has been converted into Boghead

cannel will not be here dwelt on ; but the chief peculiarity about the seam is its close

and compact roof, composed of cement-stone, and shale. This is perfectly water- and

air-tight, so much so that, although the mine is troubled with a great quantity of water,

it all comes through the floor, and not the roof. This tight covering of the coal has

doubtless exercised considerable influence on the decomposing vegetable matter after

the latter had been submerged. It is worthy of remark that, above the Pirnie or

Methill scam,—the coal nearest approaching Boghead,—a similar bed of impure iron-

stone occurs.

Away from whin dykes which traverse tho coal-fleld, there are no appearances of

the action of an elevated temperature, either upon the coal or its adjoining strata, to

give any sanction to the hypothesis, that tho cannel has resulted from the partial

decomposition of a substratum of coal by tho heat of underlying trap, tho volatile

matters having been retained in what has probably been a bod of shale. First, it must
be understood that Boghead cannel, even when treated with boiling naphtha, affords
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scarcoly a trace of bitnmon

; and, secondly, when tlio seam of coal is examined in the

^nH,Ynr -1

of a win n dyke, Avhcre boat has evidently acted on it, it is found

^ul !,
^

11 '''"V,'
'.

'"'^ ^ ""^^'^ ^^''''^y substiinco, of a brown colour, resembling burnt

If 1? those facts, the seams of coal and their accompanying strata,oom above and below the cannol, show no signs of the action of heat, but, on the
contiary, exhibit every appearance of having been deposited in the usual way, and

CoaT*^"""^
iindergoing any particular alteration.—E. W. B, See Cankel

BOGHEAD N-APHTHA (syn. Bathgate naphtha), naphtha from the Boghead
coal, bee NAriiTiiA, Boghead.
SOC-XROM' ORE is an example of the recent formation of an ore of iron, arising

trom the decomposition of rocks containing iron, by the action of water chtirged with
ctvrbonic acid. The production of this ore of iron in the present epoch, cxphiins to
us many of the conditions under which some of the more ancient beds of iron ore
have been produced.

Bog-iron ore is common in the peat bogs of Ireland and other places. See Ieon
Obes and Irox.
BOG MAM-GANESE. Wad, or earthy manganese. See Manganese.
BOGWOOB. The trunks and larger branches of trees dug up from peat bogs.

The black oak of the bogs of Ireland, which is so largely employed in the manufac-
ture of ornaments, is so called.

BOHEA. A land of black tea. See Tea.
BOHEMIATT BOX.E. A yellow variety of bole.
BOHEAXIAN GARNETS. Garnets belonging to the mineralogical species

Pyrope. They occur embedded in serpentine at Zoblitz in Bohemia, and also loose in
the sands of some of tlie rivers of Bohemia. These garnets are of a rich dark-red
colour, and have been largely employed in cheap jewellery. They are cut and
polished in mills worked by water-power, and are mounted by working jewellers at
Prague.

_

BOXIiEB OZXi. Linseed oil boiled with litharge, which removes some of its olea-
ginous parts, and renders the oil more ' drying,' that is, it solidifies more readily.
BOXIiER. See Steam Boixbr.
BOXXiER PXiATE. Sheets of iron used for making boilers, and now largely em-

ployed for constructing railway bridges, ships, tanks, &c. The average resistance of
boiler plates is reckoned at 20 tons to the square inch, and the weight which they can
carry safely is about 5 tons on the square inch. Eiveting is calculated to reduce the
strength to a degree corresponding to that of the area which the rivets occupy. Such
are the principles by which the Eailway Department of the Board of Trade are
guided. See Ihox.
BOXS DVRCX. Finely powdered sawdust, and turnings of hard wood, such as

rosewood, ebony, mahogany, and the like, are made into a paste with blood, which is

pressed into moulds or formed by dies. It receives a beautiful polish, equal to jet,

which it much resembles. This was first introduced to England in 1862 by M.
Latry, senior.

BOIiE. A kind of clay, often highly coloured by iron. It usually consists of

silica, alumina, iron, lime, and magnesia. It is not a well-defined mineral, and, con-

sequently, many substances are described by mineralogists as bole. Armenian boh
is of a bright red colour. This is frequently employed as a dentifrice, and in some
cases it is Jidministered medicinally. Bole of Blois is yellow, contains carbonate of

lime, and effervesces with acids. Bolmnian bole is yello-\\dsh red. French bole is

of a pale red, with frequent streaks of yellow. Lemnian bole and Silesian bole are, in

most respects, similar to the above-named varieties. The follo-\ving analyses are

by C. Von Hazier. Capo di Bove—Silica, 45-64
;
alumina, 29"33 ;

peroxide of iron,

8'88
;
lime, 0-60; magnesia, a trace; water, 14-27 = 98*72. New Holland—Silica,

38-22; alumina, 31-00; peroxide of iron, 11-00; lime, a trace; magnesia, a trace,

water, 18-81 =99-03.

BOXiETVS. A genus of the mushroom order. See Amadoi'.

BOXiOGKJXAM' STONH. A variety of sulphate of bar^-ta, found in roundish

masses, which phosphoresces when, after calcination, it is exposed to the solar raj-s.

Bolognian phosphorus was formerly made from this stone. See Baryta, Sulpifate of.

BOniBASZN-E. A worsted stuff mixed with silk ; it is a t^villed fabric, of which

the warp is silk and the weft worsted.

BOIMCBVX MORX. The moth to which the silkworm turns. The caterpillar

(silkworm) is at fii-st of a dark colour ; but gradually, as -nnth all other caterpillars,

it becomes lighter coloured. This worm is about eight weeks in arriving at maturity,

during which time it frequently changes its colour. When full grown, the silkworm

commences spinning its wob in some convenient place. The silkworm continues
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dra^vino- its thread from varloiis points, and attacliing it to others
;

it follows, there-

forp that after a time the body becomes, in a great measure, enclosed in the thread.

Tlie' work i" then continued from one thread to anotlier, the silkworm moving its

head and spinning in a zigzag way, bending the forepart of the body back to spin

in all directions within reach, and shifting the body only to cover mth silk the part

which ^ras beneath it. As the silkworm spins its web by thus bonding the forepart

of the body back, and moves the hinder part of tho body in such a way only as to

enable it reach the farther back ^vith the forepart, it follows that it encloses itself

in a cocoon much shorter than its own body ; for soon after the beginning, the whole

is continued with the body in a bent position. During the time of spmmng the

cocoon, the siUcworm decreases in length very considerably ; and after it is completed

ifcis not half its original length : at this time it becomes quite torpid, soon changes

its sldn, and appears in the form of a chrysalis. The time required to complete the

cocoon is five days. In the chrysalis state tho animal remains from a fortnight to

three weeks : it then bursts its case, and comes forth in the imatjo state, the moth

having previously dissolved a portion of the cocoon by means of a fluid which it ejects.

The true silkworm {Bombyx mori) is a native of the North of China. Another

species, 5. cj^«i!A2fl, occurs in India.
, -r, , ^i-

The late Colonel Sir William Reid reported as follows on the Bombyx cyoithia :—
' I made several reports on the Bombyx cynthia silkworm, which feeds on tho castor-

oil plant, for the information of the Society of Arts. It had been introduced into

Malta from India, and appeared both hardy and wonderfully prolific
;
yet it failed

in Malta in 1855.

'2. I had, however, previously distributed a great number of eggs, by sending

them to Italy, Prance, and Algeria ; and I contrived to watch the accounts of the

trials made in those countries. I found that it had spread there, and had been carried

to Spain and Portugal, and was creating considerable interestwherever it had been tried.

'3. I was, therefore, induced to reintroduce it into Malta. At the end of July

last, I received a few eggs by post, in a quill, from Paris, and these have multiplied

in an extraordinary manner, so that I have not attempted to have them counted. The

temperature of the Avinter season, now December, seems, however, to be affecting

them, even in Malta, inasmuch as they grow more slowly than they did in the summer

;

but, nevertheless, they appear healthy.
' 4. A very interesting paper, on the progress making in different countries in

rearing the Bombyx cynthia, will bo found in the last number of the papers of the

French Soci^te d'Acclimation. This paper is by the able President of that Society,

M. Geoffi-oy Saint Hilaire.
' 5. I had, in 1854, successfully sent the insect to the West Indies. The Prencli

Society have sent it to Brazil, to the Southern United States, and into Egypt. It is

being introduced into Germany, and we are now sending more eggs and worms from

Malta to Sicily.

' 6. Experiments are making in Prance on spinning the silk, which is found to bo

very fine, very strong, and to take dyes well. In Prance tho cocoons are corded, and
afterwards spun, as in Malta. It is said that the chrysalis, on extricating itself from

tho cocoon, and becoming a moth, does not, as was supposed, cut tho thread ; and the

Prench have partially succeeded in unwindiug the cocoons.
' 7. The great interest I find taken in other countries in tho attempts making to

naturalise tho Bombyx cynthia, has induced me to report to you its re-introduction

into Malta, with the view of begging you to make this known to the Society of Arts.

I ench)se an extract from my despatch, dated 7th of July, 1855, which explains the

manner in whicli I successfully sent the insect to the West Indies ; and in the same
manner it may bo easily conveyed from any one country to another. It may be found

difficult to preserve the silkworna throughout the winter season, as well as difficult to

grow the Ricinus, its proper food, in the climate of Europe. The proper climate for

the Buiiibyx cynthia is within, or on the borders of, tlio tropics. But the attempts

now making ought not to be the less encouraged on that account, for they are pro-

ducing a now raw material for thread and clothing within reach of men of skill and
science ; and 127,000 cocoons have recently been sent from Algeria to be manufactured
in Alsace.

' 8. The extraordinary manner in which the Bombyx cynthia multiplies, together with
tho abundance of food produced for it without culture in warm climates, renders
tho study of the habits of this insect, and the nature of its cocoons, of considerable

importance.
' 9. I send herewith a small sample of the cloth made from the worms reared in

Malta. I have tho lionoiu* to bo, Sir,

' Your most obedient humble servant,
' William Reid, Governor.'
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_
Additional information on tlio Jiombyx cjjnthia, or Eria Silkworm, will be found in

the ' Society of Arts' Journal ' of June 4, 1858.
Mr, "Wells, m-iting from Grenada, in the West Indies, says of those silkworms for-

wardod to him by Sir William Eoid:—'I have the eighth generation of worms now
hatching having had seven crops of cocoons wthin the year. These worms multiply
one hundredfold in each generation ; and there is no doubt of their being easily fed
to any amount.' They are fed on the castor-oil plant, Eicinua communis, which grows
rapidly, can be cultivated without much expense, and yields a good return in its very
abundant seeds. S(>o Siuc.
BOZr-BOMS. Uomfits and other sweetmeats of various descriptions pass under

this name. They are manufactured largely in France, and a considerable quantity
regularly imported into this country. The manufacture of sweetmeats, confectionery,
&c., does nob enter so far into the plan of this work as to warrant our giving any
special detail of the various processes employed ; a general notice will, however, bo
found under the head of Confectionery.

Liqueur bon-bons are made in the following manner. A syrup evaporated to the
proper consistence is made, and some alcoholic liqueur is added to it. Plaster-of-
Paris models of the required form are made ; and these are employed, several being
fastened to a rod, for the purpose of making moulds in powdered starch, filling

shallow trays. The syrup is then, by means of a funnel, poured into these moulds,
and there being a powerful repidsion between the starch and the alcoholic syrup, the
upper portion of the fluid assumes a spherical form ; then some starch is sifted over
the surface, and the mould is placed in a warm closet. Crystallisation commences
on the outside of the bon-bon, forming a crust enclosing the syrup, which constantly
gives up sugar to the crystallising crust until it becomes sufl&ciently firm to admit of
being removed. A man and two boys will make three hundredweights of bon-bons in
a day.

Crystallised bon-bons are prepared by putting them with a strong syrup contained
in shallow dishes, placed on shelves in the drying chamber, pieces of linen being
stretched over the surface, to prevent the formation of a crust upon the surface of the
fluid. In two or three days the bon-bons are covered with crystals of sugar ; the
syrup is then drained off, and the comfits dried.

Painted bo7i-bons.—Bon-bons are painted by being first covered vnth a layer of
glazing

;
they are then painted in body colours, mixed with mucilage and sugar.

The French have some excellent regulations, carried out under the 'Prefet de
Police,' as to the colours which may be employed in confectionery. These are to the

following effect :

—

' Considering that the colouring-matter given to sweets, bon-bons, liqueurs, lozenges,

&c., is generally imparte.d by mineral substances of a poisonous nature, which impru-
dence has been the cause of serious accidents ; and that the same character of acci-

dents have been produced by che-wing or sucking the wrapping paper of such sweets,

it being glazed and coloiired with substances which are poisonous ; it is expressly

forbidden to make use of any mineral substance for colouring liqueurs, bon-bons,

sugar-plums, lozenges, or any kind of sweetmeats or pastry. No other colouring-

matter than such as is of a vegetable character shall be employed for such a purpose.

It is forbidden to wrap sweetmeats in paper glazed or coloured with mineral sub-

stances. It is ordered that all confectioners, grocers, dealers in liqueurs, bon-bons,

sweetmeats, lozenges, &c., shall have their name, address, and trade, printed upon the
' paper in which the above articles shall be enclosed. All manufacturers and dealers

are personally responsible for the accidents which shall be traced to the liqueurs, bon-

bons, and other sweetmeats manufactured or sold by them.'

K similar provisions were in force in this country, it would prevent the use, to an

alarming extent, in our cheap confectionery, of such poisonous substances as

Arsenite of copper,

Acetate of copper,

Chromate of lead.

Sulphide of arsenic,

Oxide of lead.

Sulphide of mercury, &c.

The colouring-matters allowed to be used in France are indigo, Prussian blue,

saffron, Turkey yellow, quercitron, cochineal, Brazil wood, madder, and the like.

BONES.
(
Os, Fr. ; Knochen, Ger.) They form the framework of animal bodies,

commonly called the skeleton, upon which the soft parts are suspended, or in which

they are enclosed. Bones are invested -with a membrane styled the periosteum, which

is composed of a dense tissue affording glue ; whence it is convertible into jolly, by

ebullition with water. Bonos are not equally compact throughout their whole sub-

stance : the long ones have tubes in their centres, lined with a kind of periosteum of

more importance to the life of the bones than oven their external coat
;
the flat, as



BONES 413

x,-oll as the shork and thick, bonos exhibit upon their surface an osseous mass of a dense

iSaro, AvlJle their interior presents a cavity divided into small cellules by their bony

^'"ifiSonce to the composition of bonos, ^yo have to consider two principal con-

stituents : the living portion or the osseous cartilage, called ossan, and the inorgamc

""'The TseoL'Slrtillg^L^S^^^^ by suspending bones in a large yesselfull of dilute

murSitie acid, and leaving it in a cool place at about 50° F. The acid dissolves the

eaXy salts of the bones ^yithout perceptibly attacking the cartilage, yl"ch, at the

end of a short time, becomes soft and tiWucid, retaining the shape of the bones
;

Snever the acid is saturated before it has dissolved all the earthy salts it should

be renewed. The cartilage is to be next suspended in cold water, winch is to be

frequently changed till it has removed all the acidity By drying the cartilage

shrinks a little, and assumes a darker hue, but without losing its translucency. It

becomes, at the same time, hard and susceptible of breaking when bent, but it pos-

sesses great strength. . . , 1 -D T- -T

This cartilage is composed entirely of a tissue passing into gelatine. By boding with

water it is very readily convertible into glue, which passes clear and colourless

through the filter, leaving only a small portion of fibrous matter insoluble by further

boiling This matter is produced by the vessels which penetrate the cartilage, and

carry nourishment to the bone. We may observe all these phenomena m a very

instructive manner, by macerating a bone in dilute miu-iatic acid, till it has lost about

the half of its salts ; then washing it with cold water, next pouring boiling water

upon it, leaving the whole in repose for 24 hours, at a temperatiu-e a few degrees

below 212° P. *
, „ . , 1 ^. 1 t, . 1,

The cartilage, which has been stripped of its earthy salts, dissolves, but the small

vessels which issue from the undecomposed portion of the bone remain under the form

of white plumes, if the water has received no movement capable of crushing or breaking

them. "We may then easily recognise them with a lens, but the slightest touch tears

themi and makes them fall to the bottom of the vessel in the form of a precipitate ;
if

we digest bones with strong hot muriatic acid, so as to accelerate their decomposition,

a portion of the cartilage dissolves in the acid with a manifest disengagement of car-

bonic acid gas, which breaks the interior mass, and causes the half-softened bone to

begin to split into fibrous plates, separable in the direction of their length. According to

Marx, these plates, when sufB.ciently thin, possess, like scales of mica, the property of

polarising light, a phenomenon which becomes more beautiful still when we soak them

with the essential oil of the bark of the Laurus Cassia. The osseous cartilage is

formed before the earthy part. The long bones are then solid, and they become hol-

low only in proportion as the earthy salts appear. In the new-born infant, a large

portion of the bones is but partially filled with these salts ; their deposition in the

cartilage takes place round certain invariable points of ossificaiion, and begins at a

certain period after conception, so that we may calculate the age of the foetus accord-

ing to the progress which ossification has made.

Composition of Bones.

Heintz Berzelins

Ox
Femur Sheep

Man
Porearm

Human
Tooth

Animal matter .....
Phosphate of lime ....
Fluoride of calcium ....
Carbonate of lime ....
Phosphate of magnesia

30-68

67-67

2-C9

6-99

2-07

26-54

61-99

2-97

6-92

1-58

31-11

69-14
2-23

6-32

1-20

28-00

1 64-30

5-30

1-40

Heintz found that the fixed bases in the bones were sufficient to saturate completely

the acids contained in them, so that the phosphate of lime, as well as the phosphate of

magnesia, which the bones contain, is composed according to the formula 3E0, PO^.
Bone phosphate of lime is, therefore, the tribasic or orthophosphate 3CaO,PO'
(Ca^P-'O"). True bony structure is perfectly free from chlorides and from sulphates,

these salts being only found when the liquid pervading the bonos has not been com-
pletely removed. The bones in youth contain loss earthy constituents than those of
adults; and, in advanced age, the proportion of mineral matters increases. Von
Biria found more bone-earth in the bones of birds than in those of mammals ; ho
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found also the ratio of the carltonato of limo to tlio phospliato to be generally greater.
In the bonos amjihibia, ho found loss inorganic mutter than in those of mammals
and birds

; and in the bonos of fishes, the earthy matters vary from 21 to 57 per cent.
The scales of fishes have a composition somewhat similar to that of bono, but they
contain phosphate of limo in small quantity only.

In certain diseases (the craniotalus in cliildron), the earthy salts fall in the spongy
portion of tlie bono as low as 28-16 per cent, of the dry bono ; and in several cases tho
proportion of earthy matter was found by Schlossbergor as low as 50 per cent. At
tho ago of 21 years, tho -weight of tho skeleton is to that of tlio whole body in tho
ratio of lO'o : 100 in man, and in that of 8*5 : 100 in woman, tho weight of tho body
being about 125 or 130 lbs.

The quantity of organic matter in fossil bones varies very considerably : in sorao
cases it is found in as largo a quantity as in fresh bonos, while in others it is alto-
gether wanting. Carbonate of lime generally occurs in far larger quantity in fossil
than in recent bones, which may arise from infiltration of that salt from without, or
fi'om a decomposition of a portion of the phosphate of lime by carbonic acid or car-
bonates. Magnesia often occurs in larger quantities in the fossil remains of verte-
bratod animals than in tho fresh bones of the present animal world. Liebig found
in tho cranial bones excavated at Pompeii a larger proportion of fluoride of calcium
than in recent bones ; while, on the other hand, Girardin and Preisser found that this
salt had greatly diminished in bones which had lain long in tho earth, and, in some
cases, had even wholly disappeared.

The gelatinous tissue of bones was found by Von Biria to consist of

—

Recent ox bones Fossil bones
Carbon 50'401 . , . 50-130
Hydrogen
Nitrogen

Oxygen .

Sulphur .

7111 . . . 7-073
18-154 . . . 18449
24-119 . . . 24-348
0-216 —

This is the same composition as that of the gelatinous tissues.

In the arts bones are employed by turners, cutlers, manufacturers of animal char-

coal, and, when calcined, by assayers, for making cupels. In agriculture, they are em-
ployed as a manure. Laid on in the form of dust, at the rate of 30 to 35 cwts. per acre,

they have been known to increase the value of old pastures from 10s. or 15s. to 30s.

or 40s. per acre ; and after the lapse of 20 years, though sensibly becoming less valu-

able, land has remained still worth two or three times the rent it paid before the bones

were laid on. In the large dyeing establishments in Manchester, tho bones are boiled

in open pans for 24 hours, the fat skimmed oif and sold to the candle-makers, and the

sise afterwards boiled down in another vessel till it is of sufficient strength for stiffen-

ing the thick goods for -which it is intended. The size liquor, -when exhausted or no

longer of sufficient strength, is applied -with much benefit as a manure to the adjacent

pasture and artificial grass-lands, and tho exhausted bones are readily bought up by
the Lancashire and Cheshire farmers. When burned bones are digested in sulphuric

acid, diluted -with twice its weight of water, a mixture of gypsum and acid phosphate

of lime is obtained, -which, -when largely diluted \nth. water, forms a most valuable

liquid manure for grass-land and for crops of rising corn
;

or, to the acid solution,

pearl ashes may be added, and the whole then dried up, by the addition of charcoal

powder or vegetable mould, till it is sufficiently dry to be scattered -with the hand

as a top-dressing, or buried in the land by means of a drill.

In Prance, soup is extensively made by dissolving bones in a steam heat of two or

three days' continuance. Kespecting the nutritive property of such soup, Liebig has

expressed the follo-wing strong opinion :
—

' Gelatine, even when accompanied by the

savoury constituents of flesh, is not capable of supporting the vital process ; on tho

contrary, it diminishes the nutritive value of food, which it renders insufficient in quan-

tity and inferior in quality, and it overloads the blood -with nitrogenous products, the

presence of which disturbs and impedes the organic processes.' The erroneous

notion that gelatine is tho active principle of soup arose from the observation that

soup made, by boiling, from meat, when concentrated to a certain point, gelatinises.

Tho jelly was taken to bo the true soup until it was found that tho best moats did not

yield the finest gelatine tablets, which were obtained most beautiful and transparent

from tendons, feet, cartilage, bones, &c. This led to an investigation on nutrition

generally, the results of which proved tha t gelatine, which by itself is tasteless, and

when eaten excites nausea, possesses no nutritive value whatever.

The following Table exhibits tho relation between the combustible animal matter

and tho mineral substances of bones, as found by diffi.Tent observers
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Ox bones .

Human bones .

Bird bones

Organic Portion Inorganic Portion

2-0

2-1

20
1-8 to 2-3

2'0 in moan
1-6 to 2-2

1- 9 in mean
2-3 to 2-6

)

1

Observers

Berzelius.

Mareband.
Berzelius.

Prericlis.

Von Biria.

Prior to the use of bones by the turner or carver, they require the oil, -with which

they are largely impregnated, to be extracted, by boiling them in water and bleaching

them in the sun or otherwise. This process of boiling, in place oi softemng, robs

them of part of their gelatine, and therefore of part of their elasticity and contracti-

bility likewise, and they become more brittle.

The forms of thb bones are altogether unfavourable to their extensive or orna-

mental employment : most of them are very thin and curved, contain large cellular

cavities for marrow, and are interspersed with vessels that are visible after they

are worked up into spoons, brushes, and articles of common tui-nery. The buttock

and shin bones of the ox and calf are almost the only kinds used. To whiten the

finished works, they are soaked in turpentine for a day, boiled in water for about an

hour, and then polished with whitening and water.

Holtzapffel also informs us that after the turning tool, or scraper, has been used,

bone is polished, 1st, with glass-paper ;
2nd, with Trent sand, or Flanders brick, with

water on flannel; 3rd, with whiting and water on a woollen rag; 4th, a small

quantity of white wax is rubbed on the work with a quick motion ;
the wax fills the

minute pores, but only a very minute portion should bo allowed to remain on the

work. Common bone articles, such as nail- and tooth-brushes, are frequently polished

with slaked lime used wet on flannel or woollen cloth. See ' On Bone and its Uses,'

by Arthur Aitkin, ' Trans, of Society of Arts,' 1832 and 1839.

Bones have recently been imported into this country, from Australia, in the form

of bone-dust tiles, made by crushing the bones and compressing the powder into the

form of cakes.

The importance of the trade in bones will be seen from the following statement of

wqoorts of the bones of animals and fish—not whalebone.

Bones of all kinds (except Whalefins) vnjioried.

Quantity

Value

1807

Tons

246.767
A

437,436

18G8

Tons
245,120

£
430,442

18G0

Tons
229,223

600,019

Bones, whether burnt or not for manure

1870

Tons
215,748

£
629,619

Tons

1871

Tons

302,079
£

659,416
Tons

92,032 94,212

1872

Tons

97,778

BOlVE-BXiACIC (Noir d'os, Pr.
;
Knocheiischwarz, Gcr.), or Animal Charcoal, as

it is less correctly called, is the black carbonaceous substance into which bones are

converted by calcination in close vessels. This kind of charcoal has two principal

applications—to deprive various solutions, particularly syrups, of their colouring-

matters, and to furnish a black pigment. The latter subject will be treated of under
Ivory Black.
The discovery of the antiputrescent and decolouring properties of animal charcoal

in general is due to Lowitz, of Petersburg ; but their modifications have occupied the

attention of many chemists since his time. Kels published, in 1798, some essays on
tlie decolouring of indigo, saSron, madder, syrup, &c., by means of charcoal ; but he
committed a mistake in supposing bone-black to have less power than the charcoal of

wood. The first useful application of charcoal to the purification of raw colonial

sugar was made by M. Guillon, who brought into the French markets considerable
quantities of fine syrups, which he discoloured by ground wood-charcoal, and sold thorn
to great advantage, as much superior to the cassonades (brown sugars) of that time. In
1811, M. Piguier, an apothecary at Montpellier, published a note about animal char-
coal, showing that it blanclied vinegars and wines with much more energy than vege-
table charcoal; and lastly, in 1812, M. Dorosnes proposed to employ animal charcoal
in the purification of syrups and sugar-refining. The quantities of bone-black left in
the retorts employed by MM. Paycn, for producing crude carbonate of ammonia,
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fuirll^nif
""'^""^ nmtorials for making tlio most satisfactory experiments, and emibled

^'°!''''' '^^''^'^"'^ 'liffurent systems of apparatus; byliodting them m a retort similar to that in which coal is decomposed in thi gas-works

? P> in a kiln. On the second plan, which furnishes the best
ciiarcoal, tJio bones, broken into pieces, are put intfl small cast-iron pots of the formShown in .^^r. 148, about throe-eighths of an inch thick, two of which are dexterously
placed with their mouths in contact, and then luted together with loam. The lip
ot tho upper pot is made to slip inside the under one. These double vessels, con-
tiuuing together about fifty pounds of bones, are arranged alongside, and over each
other, in an oven like a potter's kiln, till it is filled. The oven or kiln may be either
oblong or upright. The latter is represented in fys. 149, 150, lol. a is the fire-
place or grate for the fuel ; c c aro tho openings in the dome of the furnace throu'di
which tho flame flows ; the di\'isions of these orifices aro shown in Jiff. 151. b is the
wall of brick-work, d the space in which the pots are distributed, e is the door
by which the workman carries in the pots, which is afterwards built up with fire-
bricks, and plastered over with loam. This door is seen in fiff. 149. f f aro the
lateral flues for convoying the disengaged gases into tho air.

US

JO
151

149

B

150

Fiff. 152 is a longitudinal section, and fig. 153 a ground plan of a horizontal kiln
for calcining bones, a is the fire-chamber, lying upon a level with the solo of the
kiln ; it is separated by a pillar b, from the calcining hearth c. In the pillar or wall,

several rows of holes, d, are left at different heights ; e is the entrance door
; /, the

outlet-vents for the gases, vapours, and smoke, into the chimney ff; h, a sliding
damper-plate for regulating the admission of the air into the fire in the space a.

By this arrangement the offensive emanations are partly consumed, and partly car-

ried off with the smoke. To destroy the smell completely, the smoke should be made
to pass through a second small furnace.

The number of pots that may be put into a kiln of this kind depends, of course,

upon its dimensions; but, in general, from 100 to 150 are piled up over each other, in

columns, at once ; the greatest heat being nearest the roof of the kiln, which resembles,

in many respects, that used for baking potteryware.

In both kilns the interior walls are built of fire-bricks. In the oblong one, tho

fiercest heat is near the vaiilted roof; in the upright one, near the sole ; and the pots,

containing the larger lumps of bones, should be placed accordingly near the top of the

former and the bottom of tho latter. Such a kiln may receive about seventy double

pots, containing in the whole thirty-five cwts. of bones.

After the hearth is filled with the pots, and tho entrance door is shut, the fire is

applied, at first moderately, but afterwards it must be raised, and maintained at a brisk

heat for eight or ten hours. The door of tho ash-pit and the damper may now bo

nearly closed, to moderate tlie draught, and to keep up a steady ignition for six or

eight hours longer, without additional firing ; after which the doors must be all

opened to cool tho furnace. When this is done, the brickwork of tho entrance-door

must be taken down, the kiln must be emptied, and immediately filled again with a

set of pots previously filled with bones, and luted together: the pots which have

been ignited may, in tho course of a short time, be opened, and tho contents put into

the magazine. But in operating with the largo decomposing cylinder retort, the

bones being raked out hot, must be instantly tossed into a receiver, which can be

covered in air-tight till they are cool.
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The bones lose upon an average about one-half of their weight in the calcination.

In referonco to the quality of the black, experience has shown that it is so much more
powerful as a decolouring agent, as the bones from which it was made have been
freer from adhering fatty, fleshy, and tendinous matters.

The charcoal is ground in mills with grooved rollers, in order to prevent the forma-
tion of dust. The bones are thrown into a long quadrangular box, furnished at its

lower aperture with moveable steel cheeks, between wMch the roller revolves
;
they

are thus coarsely broken up, and the granulation is completed by another pair of
bluntly grooved rollers, which can be placed nearer to, or further from, each other at
pleasxire. The crushed charcoal is collected on sieves, which separate the dust from
the grains.

The composition of perfectly dry bone-black of average quality is as follows :

—

Phosphate of lime, with carbonate of lime, and a little sulphuret of iron, or oxide of
iron, 88 parts ; iron in the state of silicated carburet, 2 parts ; charcoal containing
about jUh of nitrogen, 10 parts. None of the substances present, except the charcoal,
possess separately any decolourising power.

It was formerly supposed that the peculiar absorbing and decolouring power of
animal charcoal was only exerted towards bodies of organic origin ; but it was found,
by Graham, that inorganic substances are equally subject to this action ; and later
experiments have demonstrated that there are few, if any, chemical compounds which
altogether resist the absorbing power of charcoal. The action is of a mechanical
nature, and in some cases it is sufficiently powerful to overcome chemical affinities
of considerable power. It is not confined to charcoal, though pre-eminent in this
substance, in consequence of the immense extent of surface which its porous structure
presents. The action of charcoal in sugar-refining has been particularly studied by
Liidersdorf. When the defecated saccharine juice is allowed to flow upon a moist
and firmly compressed charcoal filter, pure water is the first product that passes
through

; but a considerably larger quantity is obtained than was employed for mois-
tening the charcoal. Water is then obtained of a decidedly saline character, which
increases in strength, and after this has passed through for some time, a sweet
taste becomes perceptible, which gradually increases, and,at last entirely masks the
sahne. This purely sweet fluid continues to flow for some time ; after which, the
liquid acquires an alkaline reaction from the presence of caustic lime ; it then becomes
coloTired, the liquor getting gradually darker, till the action of the charcoal ceases.
Lime IS completely abstracted from lime-water by bone-charcoal

; and, according to
the experiments of Chovallier, lead-salts are likewise entirely absorbed, the acetate
the most readily. It has also been shown by Graham, that iodine even is separated
from iodide of potassium. The commercial value of animal charcoal has usually been
estimated by its decolouring power on sulphate of indigo ; its absorbent power, which is
a property of equal, perhaps of greater importance, may, according to M. Corenwinder,
be deternuned, approximately, by the quantity of Ume which a given weight wiU
absorb. For this purpose he employs a solution of saccharate of lime of known
strength. An acid liquor is first prepared, composed of 20 grammes of pure oil of
vitriol diluted with water to exactly 1 litre. A solution of saccharate of Ume is then
prepared, by dissolving 125 to 130 grammes of white sugar in water, adding thereto
15 to 20 grammes of qmcklime, boiling the liquid, and then filtering to separate the
undissolved lime. This solution is prepared of such a nature, that it will be exactly
saturated by the same vo ume of the dilute sulphuric acid. By adding the latter to .

50 cubic centimetres of the liquid filtered from the animal charcoal, it is easy to seehow many degrees of the burette are required to complete the saturation of the lime,
buppose 35 are required for this purpose, 100-35 = 65, which represent the propor-
tion of lime absorbedby the charcoal: this is, therefore, the number representing the
standard. By operating with a burette graduated from the bottom, the degree of the
cnarcoal experimented upon may be read directly.

This decolourising power does not. belong alone to bone-black; different varieties of
lignite, or even coal, when well carbonised in close vessels, afford a decolouring char-
coal of considerable value. By reducing 100 parts of clay into a thin paste with
water, kneading into it ^O parts of tar, and 500 of finely-ground pit-coal, drying themixed mass, and calcining it out of contact of air, a charcoally matter may be obteined
not much inferior to bone-black m whitening syrups.
The restoration of animal charcoal from burnt bones, for the purpose of susrar-refinmg has been long practised in Prance. Mr. W. Parker has made the folloTdne

process the subject of a patent. The charcoal, when taken from the vessels in which

I t' f
°°"/'"lPl''yod for the purposes of clarifying the sugar, is to be thoroushlvgashed with the purest water that can be obtained, in order to remove all the saccha-

oa rS % ^Tv.
^'^^^^"^ ^^^'^ ''^Vleted, the har-

VoL 1
''''' ""^ ^ ^^0^^

;
and when pet-
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foctly froo from moisture, it is to bo separated into small i>iecos, and sifted through a

siovo, the wire or meshos of which are placed at distances of about two and a half in

ovory inch. This sifting will not only divide the cliarcoal into small pieces, but will

cause any bits of wood or other improper matters to be separated from it.

The charcoal thus prepared is then to bo packed lightly in cylindrical vessels

called crucibles, with some small quantity of bones, oil, or other animal matter, niixed

with it. The crucibles are then closed by covers, and luted at the joints,^ leaving no

other opening but one small hole in the centre of the cover, through which any gas

generated within the vessel wlien placed in the oven or furnace may be allowed to

escape.

The crucibles are now to be ranged round the oven, and placed one upon another,

in vertical positions ; and when the oven is properly heated, gas will be generated

within each crucible, and issue out from the central hole. The gas thus eniitted,

being of an inflammable quality, will take fire, and assist in heating the crucibles ;

and the operation being carried on until the crucibles become of a red heat, the oven

is then to bo closed, and allowed to cool ; after which the crucibles are to be removed,

when the charcoal will be found to have become perfectly renovated, and as fit for use

as before.

A process for the restoration of bone-black, or animal charcoal, was made the

subject of a patent by Messrs. Bancroft and Maclnnes of Liverpool, which consists in

washing the granular charcoal,

or digesting it, when finely ground,

with a weak solution of potash or

soda, of specific gravity 1*06. The

bone-black, which has been used

in sugar-refining, may be thus

restored, but it should be first

cleared from all the soluble filth

by means of water.

Mr. r. Parker's method, patented

in June, 1839, for effecting a like

purpose, is by a fresh calcination,

as follows :

—

Fig. 155 represents a front sec-

tion of the furnace and retort;

and fig. 156 a transverse vertical

section of the same, a is a retort,

surrounded by the flues of the fur-

nace b; c is a hopper or chamber,

to which a constant fresh supply

of the black is furnished, as the

preceding portion has been with-

drawn from the lower part of a.

d is the cooling vessel, which is

connected to the lower part of the

retort a by a sand-joint e. The

cooler d is made of thin sheet-iron, and is large; its bottom is closed with a slide-

Dlate f. The black, after passing slowly through the retort a into the vessel d, gets

so much cooled by the time it reaches ./; that a portion of it may be safely with-

cbawn, so as to allow more to fall progressively down ; g is the charcoal-meter, with

^ ^one-earth!' The residue of bones after calcination ; it is chiefly phosphate

nf liTTio It finds many uses in the arts. .

bSnE-I.IQTTOK. The liquor obtained by distilling bones. It is an impure

solution of ammonia—a poor spirit of hartshorn.

BOlTE-OIXi. See Dippel's Oil. . , , „i,„«f=

BOOKBINDING ' in all its branches' includes every process by ^^^llch the sheets

as ^coh^d from tho printer (from the pamphlet of a few pages to the foho of enormous

:L a"d tiSness) a\e arrayed in.f order and the leaves of wbdi each sheet i

composed secured and prepared, either smply or ^^'^^"^^ f^^^^^^ „„3
-„o;i„^ Tf tliiKj InoUidGS everv cradation of style and finish, Irom uio suicnou .um

Tapp^red pS^Mo t^^^^^^ and elabor'Jte binding of the most magnificent

'''Sheets of paper on which books are printed of various dhuensio^^^^^^

with the 'pott' and 'foolscap' (the smallest .sizes

f^^j, °,S^rS
up to the ' crown,' « demy.' ' royal,' ' imperial,' ' atlas, &c ^ ° 7" "JSi S
Of his pages so as to occupy, with tho required margin, tho half, tho lourtli, tlio
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eighth, or the twelfth, and so on down to tho forty-eighth, of each sheet, such
divisional pages being called respectively folio, quarto, octavo, duodecimo, &c., down
to 48mo. ; and it ynll be manifest that as the sheets themselves are larger or smaller
from the atlas down to the pott as before stated, so their divisions will vary in

pi-oportion, thus, an 8vo. volume may be either a 'foolscap 8vo.,' a 'crown Svo.,' or a
'demy Svo.,' &c., and will be larger or smaller accordingly.

The ' gathering ' of the sheets that form a volume—that is, tho collecting together,

in consecutive order into one or more ' gatherings,' of a copy of each of the sheets

forming such volumes, is generally done by the printer before they are delivered to
the binder. In such cases the first operation at the bookbinder's is that of folding
(whether in folio, 4to., or Svo., &c., as before said). In this operation the margin of
the type, and not the margin of the paper, is the guide for the folder, who has to see

that the head and sides of the printed matter of each page range or ' register

'

accurately -with those of the opposite page. The work of folding is done by women
and girls, who use a bone or ivory folding stick to press the folds of each sheet closely

together, and by continued practice the process is so rapidly performed by them, that
except in the case of newspapers and other publications where there are enormous
numbers of the same sheet requiring no readjustment of machinery, little, if anything,
is gained, either in speed, accuracy, or economy, by the use of folding machines, of
which various kinds worked by steam-power have been introduced.

"When the type of each leaf in a sheet is thus made to coincide it will be almost
universally found that the outer edges of some of the leaves project more or less
considerably beyond others, so that in order to give the book a neat and regular
appearance, even if the edges are not intended to be cut all round, the 'fore-edge and
tail have to be ' trimmed,' that is, the rough and irregularly projecting edges are,
after the book is sewn, pared with a knife.

The folded sheets are then ' collated,' that is, examined and laid together in proper
consecutive order, in which arrangement the letter or ' signature,' as it is termed, at
the foot of the first page of each sheet, and not the general numerical paging of the
book, is the coUater's guide. If the volume about to be bound has belonging to it
plates or maps, printed on distinct paper from that used for the letterpress, each such
plate or map is secured by paste to the back edge of its appropriate page of letter-
press, or to a special strip of paper termed a ' guard.' Each volume being thus • folded,'
'collated,' and (if needful) ' placed,' is subjected with others to hydraulic or other
pressure to make the leaves lie smoothly and compactly together. The volume is
then, if cords are to be used as the cross bands, slightly indented with saw cuts at
regidar intervals across its back, six such cuts being used for folios, five for quartos,
and four or three for smaller sizes. If tape is to be used for the bands, pencil-marks
are substituted for the saw cuts.

The book is now ready to bo fastened together. The simplest mode of doing this
is by stabbing through each volume three or four holes a short distance from its
hinder edge, and passing a needle and tliread alternately in and out through the
holes, seciiring the ends of the thread together by a knot. A book so falstened
(' stitched,- not ' sewn ') is of course prevented by the pressure of the tliread from
opemng freely to its back edge, and if the thread is cut or broken at any one part

157

the whole falls to pieces. This rough and ready process is confined to pamphlets
periodical publications, or some of tho commoner school books.

'

The process of ' saAving
'
(as distinct from tho boforc-namod operation of stitch-

EK 2
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ing) is that mostly employed for securing the folded sheets together. For this

purpose the se-wing press is employed.

iHg. 157 represents the sowing press as it stands upon the table before which the

workwoman sits. Fig. 168 is a ground plan without the parts a and n in the

former figure, a is the base board supported upon the cross bars m n marked with

dotted lines in 168.

Upon the screw rod r fig. 157, the nuts td serve to fix the flat upper bar n at

any desired distance from the base. That bar has a slit along its middle through

which the hooks below sff pass down for receiving the ends of the sewing cords or

tapes (from two or throe to six in number according to the size of the volumes under

operation) pv fixed at 3/?/ and stretched by the thumbscrews z z. The bar is let

into an oblong space cut out of the front edge of the base board and faxed there by a

moveable pin a and a fixed pin at ita other end round which it turns. The cords or

bands are fixed at distances and in numbers corresponding to the saw or pencil-marks

before named, made in the backs of the folded sheets, and the cross cords be-

come embedded in the saw-marks by the pressure of the sewing thread. This is

drawn through the middle of each sheet and turned round each band beginning at

the first sheet and proceeding to the last. The first sheet being thus sewn and

secured to the bunds, the second sheet is laid upon it, the ^^iread earned from the

first sheet to the second, and the process is repeated, and so on to the concluding

sheet of the volume, the whole being connected together by the ^ross bands (whether

of cord or tape) round which the thread passes, first through one sheet, and then from

tSmeiTofsruW the leaves Of a book was some
T^^^^^^^^^^f^^^l

Mr. W. Hancock, namely, by the adhesion of the back edges of each leaf of the book

to a coating of caoutchouc and its superimposed lining cloth. In this method, instead

of the folTof each sheet or section (consisting of 4, 8, 12 16, or
2*.fff

f

back through which the needle of the sewer passes, as before described, the whole of

tC bSTthebookiscutthroughbya ploughknifeorguilloti^ bo as to present a

Siootii le^el surf^^ formed of the bLk edges of the book, which, if separated, would

then consist of single detached leaves.
, •r*^^^,, fi^r. arllipsinn t/i

This smooth surface is slightly rasped so as to give greater
^^^^J^^ •

n two or Jhrfe
the edge of each leaf of the caoutchouc, a solution of which is applied 'n fjo

or three

coats Sbintervals sufficient to allow each coat to become firmly adhesive. Strips of cloth

^^sr:e\r^^^^^^
of a volume-processes which are common ^ all lands ^ ^^^^
pamphlet withfor without its paper wrapper, to the m^^

additional

Fn ru^ssia or morocco ;
except tha^ in tho -or^^^^^^^^

LTfrequently pafsed through

s^t^rrofudSToSr^^^^^^

"?jf;ext process is that of inserting f-f S :fthLt:'r'b;
systems are adopted :

one, the ^SJ^^^ S'^i^„^i;3'*!S e^^h board at it.

drawing the cross cords or bands through holes
covering the book

edge, then fastening the leather jjh"^^ J^^^^.
over the board, and subsequently adding

^J^"

lettering ana
comparative

other that of the more modern 'case-binding, nns
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cheapnees and adaptation to tho rapid oxecufaon of largo numbers, the method uni-

versally adopted for the great mass of books, as they issue from the publishers

warehouse. We will deal ynth this last-named process an the first instance. In

'case-binding' the case or cover (generally formed of mill-boards covered with cotton

clothl is made, stamped and lettered with the desired amount of ornament, all complete

before it is placed upon the volume. Thus (the exact size of the volume having been

first ascertained) the whole process of 'case-making and 'blocking can go on

simultaneously with or in anticipation of the processes of folding, sewing, and back-

'°The*boards used in bookbinding are formed of the pulp obtained from refuse brown

paper, old rope, straw, or other vegetable material more or less fibrous ;
which pulp

is pressed into sheets of varying size and thicknesa, to suit the requirements of the

binder; from the sheet scarcely thicker than cartridge paper used for 'limp book-

covers, to the thick substance now extensively used for books on which a coyer with

'bevelled edges' (after the antique style of the old wooden book-covers used by early

bookbinders) is prepared.
i v •

The size and style of the volume being ascertained, the board-cutter selects his

mill-boards accordingly; and having with his shears 'squared,' i.e. cut of at right

angles the rough outer edge of two adjoining sides of each board, adjusts the gauge

of his cutting-machine to the exact requirement successively of the length and breadth

of the volume, until he has completed the tale of 60 or it maybe 5,000 pairs of boards

for which his order is given. See Board Cutting Machine (Jiff. 169, as manufactured

by F. UUmer).

159

In the meantime, the cloth-cutter in like manner cuts up the corresponding numbers
of covers of the dimensions proper for the book. The bookbinders' cloth now so

extensively used, is a cotton fabric generally woven in Lancashire, and sometimes
dyed and finished there ; but these later processes are carried on to a considerable

extent, also, in London. Tho dyed cloth is passed through heated rollers, which being
engraved with some grain or pattern, (sometimes in imitation of the grains of russia

or morocco leather, sometimes vrith other patterns) impress the pattern or embossing
upon the cloth. A third essential is a supply of a corresponding number of 'hollows.*

Those are strips of thick paper or of pasteboard, cut to the exact height and thickness
required for the book for which the boards and cloth are intended, and which act as
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CLOTH
1.

BOARD

2,,

O
o

3.

BOARD

CLOTH

gauges for the guidance of the caso-makors, and as etiflfiiors for the cloth at tlio back

of tho book, botwoon tlio boards. jg^
TlioBO throe nmtoriivls arc then passed on

to tho caso-makors : one of wliom t;ikos

possession of tho pilo of cloth covers, laid

face downwards before him, rapidly passes

the glueing brush from tho pot of lieated

and diluted glue standing by his side upon

the uppermost piece of the pile, lifts, and

passes tho glued piece of cloth to his right-

hand neighbour, who being provided with

tho pile of pairs of boards and corresponding

hollows, lays, in succession, a board (1), a

hollow(2),andaboard(3)(/5'. 160), onthe ^. , . , ,

glued surface of tJie cloth, which is cut of a size sufiiciont to leave a margin to turn

over the edge of the boards and the requisite distance beyond. A narrow space,

proportioned to tho sizo and tliickness of the volume, is left between the inner edge

of each board and the 'hollow,' so as to allow space for tho Inngo of tlie case to

turn round and be pressed into the ridge which is formed at each side of tho back

of a volume when prepared for the case.
, ,. i

/ •
\^ ^ *

This done, the second case-maker then rapidly and hghtly (so rapidly as not to

allow the hot glue to soak too much into the cloth and spoil its grain and gloss, and

so lightly as not to produce the same defect by too much pressure) passes the palm of

his hand or a folding-stick over the cloth, to make at adhere smoothly to the boards

and the intermediate hollow, and at once passes each to his_ nght-hand neighbour.

The third case-maker in his turn quickly snicks out, with a pair of scissors, the super-

fluous cloth at each of the four corners, folds the over-lapping margin of cloth round

Sedge of the boards and the top and bottom of the hollow, rubs the edges and inner

marS smooth with a folding-stick, and each case is then taken by an a tendant boy

and hung up to dry. This process is soon accomplished, and the batch of cases is

'^JhrbTols^^r'^tXs''^^^^^^^^^^ lettering and ornamenting tha,cases of books. are

of metal ^enerllly of brass, cut in relief, and, besides the lettorings are of various

k nds bolder frames, bands for the back, corner or centre ornaments, &c.
;
adapted

to the'various characters of books, and the tastes of publishers and purchasers. In

manv instTnces' special designs, pictorial, emblematical or otherwise, are cut for some

TrSS books Tnd the number and variety of blocks that accumula e in any hirge

TokS ng esteblishmentthus becomes verygreat, and absorbs a considerable cap,b^l.

Therequisito block, orgroupof blocks require^^^^^^

they are accurately adjusted and secured (^th the stampj g
^^^^^

tho upper bed of an arming press {fig,
161, as manufacturca oy ;
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is TDorforated by cliannels, for the admiBsion of a jet of gas or steain Bufficient to give

tL requfid lieat to the metal blocks suspended : heat being needful to give distinct-

uess am P rnianence to the impression on the cloth case. Beneath the stamping

Slock 0 prepared and suspended, is a table on Arhich has to be fixed a frame or

iau<re adjusted to the exact proportions of the .case about to be stamped; and the

ffle s then brought by means of regulating screws, to the exact position under the

stamp ng-block, to receive the required impression on the back and sides of each case.

TrapiflicatioA of a lever, moved either by hand or steam-pow, bnngs the super-

incumSnt and heated block forcibly upon the cloth case ;
and ^hen the pressure (^hich

has to be carefully adjusted so as not to give too faint an impression on the one liand

or on the other to biirn too deeply and injure the fabric and co our of the cloth) the

case is Avithdra^ra with the required impression stamped upon it ;
another is substi-

tuted, and the process is repeated throughout the required number of the sort

impression given simply as above described, is techmcally termed ' blind block ng,

and is a mere indentation in the cloth case of the pattern of the block applied.

When gold or other metal for lettering or ornament _is reqiured, the cover ot the

book has to undergo the previous process of ' laying on '
as follows :— „ , . „

Gold-leaf is laid on a leather cushion and divided by the gentle pressure of a kmfe-

edge into slips of the requisite size, which are then deftly and smoothly lifted by

adhesion to a slightly greased pad and transferred from it to the part or parts ot the

cloth case about to be lettered or ornamented in gold. The case, with the gold-leat

thus laid on, is then subjected to the pressure of the arming-press asm blind blocking

;

the gold-leaf is pressed by the lieated block into the case of the book, which, on being

withdrawn from the lower table of the press, is gently wiped with a rag or brushed

;

this removes the metal-leaf from every unpressed part, leaving the impression ot the

lettering or ornament clear and distinct.
^. , a

The cases are then ready to be fixed upon the books to which they belong, and

which having been, as before described ' folded, collated, placed and sewn,' and after-

wards ' papered' (this last term being given to the pasting of the end papers with a

fly-leaf to the beginning and end of each volume) have to undergo the further processes

needful to fit them for insertion into the cases. In the first place the edges of each book

are either cut at top, tail and fore-edge, or only ' trimmed.' This last operation merely

pares down the rough and projecting leaves at the fore-edge and tail nearly to the

level of those leaves which present a double or quadruple fold, technically termed '
the

bolt,' and leaving the top of the book entirely uncut, so that without reducing tiie general

margin of the book a neat and tolerably uniform edging is presented. The backs of the

162

l)Ook3 are then coated with glue, on which is laid a strip of strong paper, and again

over that a lining cloth or webbing of tough but loose and elastic texture, which
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projects beyond the width of the back so as to form two wingB ; these, with the
projecting ends of the cross-cords or bands and the end papers, form the combined
matorial for socmnng the book in tlio case. The back of the book, however, before its
insertion in tho case, is rounded, either by a peculiar manipulation with the left hand
and tho use of tho hammer in the right hand of tho workman, or by the use of
the rounding-machino. By this operation a concave surface is presented at the fore-
odgo of tho book corresponding to tho convex surface produced by rounding its back,
and lastly each volume is tightly nipped (its back sliglitly projecting beyond tho pres-
sure) either between ' backing boards,' or by the jaws of a backing machine {^fig. 162,
as manufactured by F. Ullmer). The whole surface of the back is then hammered and
pressed till it spreads out beyond tho thickness of the rest of the volume, and a
projection is produced along each edge of the back, forming two ridges, which fit into
the space before described as being left by the case-makers between each board and
the hollow of the case, thus combining to form a hinge and give the needful plsiy to
the opening and shutting of tlie lid of the book.

As before indicated, the end papers, the flap of the lining cloth and the ends of the
cords or bands are then pasted to the inside of the case first on one side and then
on the other, the projecting ridges of the back being at the same time pressed by
tho workman into tho space left for them between the band and tho hollow of the case—tho volumes are carefully laid between pressing-boards with their rounded backs put
outside the edges of each pressing-board so as to escape the coming squeeze and the
pile of boards and books is then subjected to pressure for a needful period, either in
an hydraulic or screw-press. After a sufficient space of time and pressure to allow
the paste to dry, tho press is emptied of its contents, each volume opened and ex-

amined to see that it is correctly inserted, and the lot is then ready for delivery to

the publisher.

Such, with some variations of detail in different establishments, are the processes

by which the myriads of books issued by the large publishing houses throughout tho
year are bound with great rapidity, at a low price, and in endless varieties of style

to suit every taste.
I

We turn now to the more elaborate and complete style of binding, (technically

termed ' extra binding,') which is substantially, with certain modifications, the system
adopted ever since the book proper, with its rectangular figure, and its distinct leaves

united together at their back edge, superseded the extended sheet or series of sheets

which in ancient times were rolled round a cylinder and formed the ' volumen ' or roll,

from which our term ' volume,' no longer strictly applicable, is derived.

Instead of a case completely fitted and finished being pasted or glued upon the

book prepared for it, as previously described, the cover of the book in extra binding

is generally fitted on piecemeal, drawn over the boards, and the lettering or ornament

added last when the cover has been fitted and attached to the book. The edges of a

bound book after being cut round are generally either sprinkled, wholly coloured,

marbled, or gilt. In the first, a brush slightly charged with colouring fiuid is struck

smartly over the edges of the books so as sprinkle them with a uniformly distributed

shower of small spots ; in the second a sponge or brush dipped in colour is applied to

the edges, which are tightly compressed so as not to allow the colour to pbnetrate the

margin of the books ; in the third, the edges are applied to colours which by a peculiar

process are made to float on water in patterns combined so as to produce a marbled

effect, and which are transferred by contact from the surface of the water to that of

the book-edge which is afterwards burnished ; in the fourth, gold-leaf is laid upon

the edges which have been previously coated with a solution of white-of-egg, &c.

termed «glaire,' to which the gold-leaf adheres, and is then burnished with a

polishing tool, tipped with agate.

The ends of the cords are then drawn by tho ' forwarder ' through holes pierced in

the boards, near their back edge, unravelled, spread out and hammered down to the

level of the board so as to present no unsightly lump under the leather. Tho leather

for the cover is pared round its edges, softened by manipulation and the application

of pasto-water to make it pliable, and is then pasted evenly and smoothly over the

boards and back of the book, worked well into the hinge and round tho ' raised bands,

(if there are any), turned neatly over the edges and round the corners, and rubbed

down with a folding-stick ; 'head-bands' giving a neat and finished appear.onco and

additional security to the turning in of the leather at the back are tlien added to the

top and tail of the book. Sometimes lettering-pieces of a different colour to the rest of

the book are used, being pared very thin so as to avoid any unsightly swelhng, and

pasted and rubbed down on that part of the book which is to receive tlie lettering.

If the book is ' halfibound,' instead of ' whole-bound,' tho leather is bmited to a strip

at the back and a short distance from the back on each side, and to the corners

;

tho sides of the book being covered with cither mai-bled or coloured paper or cloth,
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n.nd tooled where the last material slightly overlaps the leather back and corners, so

to hide the ioin. ' Raised bands ' are formed of strips of pasteboard or parch-

nifiTit Placed at regular intervals across the back of the book, leaAang a space termed

' Tianals
' between them, and the pliable leather is stretched and worked over and

round the edges of the bands, so as to give to the whole back a neat and uniform

^^T? forwarder' then passes the book on to the ' finisher,' whose duty it is to add

the required lettering and ornament.
, „ . » /,w •

4.1

The tools used by him, whether single letters or figures, or pallets (that is, tho

title of a book, &c., cut in a single metal block) are mounted on wooden handles, and

applied before use to a gas burner, in order to obtain the requisite heat.

If the impression of the tool is intended to be gilt, the finisher lays on gold leaf in

a manner similar to that described in case-blocking, and the tool moderately heated

is applied, not by an arming press, but by the finisher, on whose steadiness of hand

and accuracy of eye the proper and even application of the various tools succes-

sively used in lettering or ornament is dependent. Additional pressure is given when

needful for the larger tools, by the finisher's leaning his shoulder or chin against the

end of the handle to assist the action of his band. The superfluous gold-leaf is then

cleaned off as in case blocking, by a greasy rag or a piece of India-rubber, after

wliich the book is carefully examined, roughnesses smoothed down, and defective

workmanship corrected, and a coating of polish orglaize given where required. Lastly,

the end papers are pasted down, and after a final examination as to accuracy of

lettering and other details, the book, after having a final squeeze to make it lie square

and solid, is turned out complete.

The implement generally used by tho extra binder for cutting the edges of single

books is the plough {figs. 163 to 168).

The plough {fig. 163) is made to receive two knives or cutters, and which are

situated in the plough in the following manner :—The plough is composed of three

principal parts—namely, the top, and it two sides. The top, 0, is made the breadth

of the cross piece a, and with a handle made fast thereon. The sides, pp, are bolted

thereto with bolts and nuts through corresponding holes in the top and sides. Tho
figures give inside views and cross sections of the details of the manner in which the

cutters and adjustments are mounted. A groove is cut down each cheek or side, in

which are placed screws that are hold at top and bottom from moving up and down,
but, by turning, they cause the nuts upon them to do so; they are shown at qq.
These nuts have each a pin, projecting inwards, that goes into plain holes made in the

top ends of cutters r r.

The cutters and tho work for causing them to go up and down are sunk into the
cheeks, so as to be quite level with thoir inner surfaces. Fig. 164 shows one of these
screws apart, how fixed, and with moveable nut and projecting pin. The top of each
screw terminates with a round split down, and above it a pinion-wheel and boss
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Sosa ir/nn ^ v-^'""
P''^"" «^ tlio split pin. Abovo. there ig

^,f!^!- fi
" '^°"Pl"'g cap, with steel tongue across, that fits into both the

n?,!!f ,11 . ^J"
'^"'^ P''""" that, when lowered upon each other, theymi St all turn together. In the middle and on the top of the upper piece, o, the largow leei s runs loose npon its centre, and works into the two pinion wheels, 1 1 (M 168),Ihe wheel s has a fly nut witli wings mounted upon it.

w ^ /

it will now be seen, whou the plough is in its place, as atfy. 165, that if it be pushed
CO ancl iro by the right hand, and the nut occasionally turned by tlie left, the knives,
or cutters, will be protruded downwards at the same time, and these either will or will
not advance as the coupling aips, u u, are on or olF.

1C9

When the edges of a number of copies of the same book have to be cut, the opera-

tion is greatly accelerated by the use of "Wilson's, or other cutting macliines {/iff. 169),

which are adapted for working either by hand or by steam-power.

The cutting machines consist of an iron sliding table fitted with an upright plate at

right angles to the surface' of the table, against which the backs of the pile of books

about to have their fore-edges cut are placed. By means of a turning wheel the fore-

edges of the pile of books are then brought in the exact position proper to receive the

descending knife-edge. This knife, long enough to reach from side to side of the

table, and therefore along the whole range of books placed upon it, is fitted into a

frame so as to act on the principle of the giullotine, and cither by a directly downward or
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by a diagonal movement. A few turns of a fly-wheel, worked either by hand or

sioam-powcr, bring the heavy proBsuro of an iron bar npon the pile of books when

thus brought into their proper position under the guillotine, by which the pile is

squeezed into a firm compact mass, upon which, and simultaneously, the knife-edge

is bv the same power brought down, and the rough and superfluous fore-edges are at

one stroke severed from the rest, leaving a smooth and polished surface on the foro-

odces of the books, instead of the rough and uneven one before presented. The posi-

tion of the pile is then carefully shifted so as to bring in succession the tops and the

tails of the pile of books to the like action of the guillotine, and m a very short space

of time (varying according to the size and thickness of the volumes operated on) the

edges of many hundreds of books are cut smooth and in readiness for the sprinkler,

the colourer, the marbler, or the gilder.

BOOXVIMC WOOD. An Indian wood, used for dyeing red, the produce ot the

Sappan tree, Casalpmia Sappan. _ „ .. „ ,

BORACIC ACID, or BORIC ACID. (Aeide bonqtie, Fr. ;
Borsaure, tror.)

Composition of the anhydride, B0« (B^O') ; of the crystallised acid, B0», 3H0
(B=0', 3H-0). ^ ,

The chief sources of this acid and its salts—the borates—are the hot vapours, or

soffioni, which issue from the ground in certain parts of Tuscany, and are utilised by

a process fuUy described below. In addition to its occurrence in these vapours,

boracic acid is found native in a solid state, forming the mineral Sassolineox Sassohte,

so called from Sasso, in Tuscany, the locality in which it was originally discovered by

Mascagni. Sassoline is usually found in the form of small white pearly scales,

with a soapy feel. Theoretically, the pure mineral should contain 56-4 per cent, of

boracic acid (anhydride) and 43-6 of water. Klaproth, in examining the Sassoline of

Sasso, found 80 per cent, of boracic hydrate, with 11 per cent, of protosulphate of

manganese, and 3 per cent, of sulphate of lime, together with silica, carbonate of lime,

and other mechanically-mixed impurities. Sassoline also occurs abundantly in the crater

of Vulcano, one of the Lipari Islands, forming a layer on the sulphur and around the

fumaroles, or exits of the sulphurous exhalations.

Among the numerous compounds of boracic acid occurring ready formed in nature,

the most important are native borax, or biborate of soda, and tineal, or crude borax :

substances fully described under the head of Boeax. Of the other native borates,

the following are the more interesting species :

—

Boracite, a borate of magnesia witi chloride of magnesium, containing when pure

62-5 per cent, of boracic acid (anhydride). It crystallises in the cubic system, often

in hemihedral or tetrahedral forms, and is remarkable for being pyro-electric—that

is, for exhibiting electrical polarity when exposed to a change of temperature. The

mineral is further notable for its anomalous optical properties ;
thus, a ray of light

in passing through a crystal of boracite suffers double refraction,
,
contrary to the

general rule that crystals belonging to the cubic system are not capable of thus

affecting light. The probable explanation of this anomalous behaviour on the part of

boracite is beyond the scope of this article.

Boracite is usually found in association with deposits of rock-salt and gypsum.

The mineral occurs crystallised at Liineburg in Hanover, and at Stassfurt near

Magdeburg ; the latter locality also yields a massive boracite called Stassfurtite.

Ulexite or Boronatrocalcite is a hydrous borate of lime and soda, occurring in white

reniform masses, from the size of a hazel-nut to that of a potato, scattered over the

dry plains of Iquique, in Southern Peru, and in the Province of Tarapaca, where it is

called tiza. It is also found in Nova Scotia and in Nevada. A specimen from Peru
yielded—boracic acid, 45'46 ; lime 14-32

;
soda, 8*22

;
potash, 0'51

;
sulphuric acid,

1*10 ; chloride of sodium, 2'65
; sand, 0'32. This analysis was made by Mr. A Dick,

in the metallurgical laboratory of the Museum of Practical Geology. The term
Hayesine was formerly applied to this mineral, but some confusion has arisen in the

application of this name. According to Hayes the pure species contained no soda,

and was simply a hydrous borate of lime. Mr. David Porbes discovered a borate of

lime in the form of white silky flakes suspended in the waters of the hot springs

called the Banos del Toro, in the Cordilleras of Coquimbo. The formation of this

substance was instructive, as throwng light upon the probable origin of the same
compound elsewhere. "When the hot vapours, emanating from the neighbouring
volcanoes, passed into springs of water highly charged with carbonate of lime, the
boracic acid of the vapours combined with the lime to form borate of lime, whilst
carbonic acid gas was set free. The term Bechilite has been applied by Dana to a
borate of lime from Tuscany.

Howlite or Silicoborocalcite isa hydrous boro-silicate of lime, containing about 43 per
cent, of boracic acid, and occurring in nodular forms in gypsum and anhydrite in Nova
Scotia.
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rwi ^ It has beoii found in Nevada,

aftt U^S?p'^^^^r^^'"r"^^ ^ho lagoons of Tuscany, and named
7Lo«,-/l •

Count Lardarol-tho founder of tlie Tu«mn bora^ic acid induetr..

Tn -^nXl-f
•

' "'''^^y ^°'''-t° «f '^I'^o found in tlieso lagoonB";

constituenf ?W .
«Poc>os noticed above, in which boracic acid forms a mainconstituent, there arc several minerals ivhich contain this acid in subordinate quantity

S^«;,v? ""f oo' P''''^^ ^"'^^"'•^^^ to tlio o^tent of about 28 per cent. ; inMUe to about 22 per cent. ; in Tourmaline in variable proportions L to 12 percent.
;
and in Axinite it is present in quantity ranging from 2 to 5 per cent. But ofall the boracic minerals it is only the borates of soda, lime, and magnesia, whichhave hitherto been found in sufficient abundance to be economically employed in thepreparation of boracic acid and the alkaline borates.

^ ^
The groat supply of boracic acid, liowever, is derived from the boracic acidlagoons of Tuscany. Before the discovery of this acid, in the time of the Grand-

i)uke Leopold I., by the chemist Hoffer, the fetid odour developed by the sulphuretted
hydrogen gas and the disruptions of the ground occasioned by the appearance of nowso^oni OT vents of vapour, had made the natives regard them as a diabolical scourcowhich they sought to remove by priestly exorcisms; but since science has explained
the phenomena, the fumaochi have become a great boon to^^the district, and a source
of public prosperity.

bw^j-vo

The hot vapours of the soffioni consist of a mixture of permanent eases
condensible vapours, and mechanically-suspended solid particles. Among the usual
constituents may be mentioned carbonic acid gas, nitrogen, oxygen, sulphuretted
hydrogen, watery vapour, ammoma, sulphate of ammonia, hydrochloric acid, organic
matter, and boracic acid. To collect this boracic acid, which is never present in more
than very minute quantity, the soffioni are enclosed by low walls of coarse masonrv
or brick-work, glazed on the inside, and forming a series of circular basins the
diameter and depth of <?hich vary greatly in different works. The larger basins'may

enclose several distinct vents. A series of these circular basins is arranged in
terraces on the side of a hill, as represented in Jig. 170. A small stream of water,
from an adjacent spring, is introduced into the uppermost basin a b, thus forming a
small pool or artificial lagoon. By the escape of the hot vapours rising from below,

171

the water of this lagoon becomes more or less agitated and gradually Jieated, and at
the samo time impregnated "kvitli the boracic acid. After standing for 24 hours iu tlio
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1 1 ?a inin niif throuiih the channel a into the second

upper basin a b, the weak solution is i-un o^Yjir°^^^^^^^ ^^^^^

basin c V. Here it takes up ^^^^her dose of boracic
^^^^^^ traversed six or eight of

off into tlie next lower basin e f. ^^er ha^ng^in tmsw
the lagoons, the solution ^y^^^^^/P^K^ Is fL^^^^^^ last basin o h {fia. 171)

SL^^i^-^S^^^ e'vaporltrveS^^^^
section in/,. 171.

172

Pount Larderel's capital improvement—an improvement without which the iuscan

^Tn^^^n^leTC. bee'n profitably utilized-consisting i^/^^;-^^^^^^^^

Tv4 the use of artificial fuel, and conducting the evaporation by means of the M-turai

Seat of the volcanic emanations. Accordingly, jets of steam ^^^suing from
^^ f^^^^

ire introduced through flues under the evaporating pans, and conducted successively

from the l^est to the highest of the series. The solution dui-ing its passage through

the svsterof evaS^^^^ vessels, which lasts about 62 _
hours, gradually becomes

SLSSd'and by the time it reaches the last vessel is sufficiently strong to be

pasred to the crystallising tubs, s s. Fig. 173 represents an improved form of

173

evaporating apparatus, in wliich the liquid from the vasco ib passes to

^J^^^^^o
boiler c whence it runs slowly over an inchncd table of sheet lead, d e, about 150

feet long.lSa^ng its surface corrugated so as to forma series of channels through

whicHfe solution flows. During its passage, the solution slowly evaporates, by the

heat of the soffioni introduced below, and

finally reaches the vessel i- in a sufficiently

concentrated form.

The concentrated solution, obtained by

either of those methods of evaporation, is

mixed with some of the mother-liquor of the

pans, and set to crystallise in the round tubs

s s {figs. 171, 172, 174), each having a capacity

of about 8 cubic feet, and being made of wood,

lined with lead. The small crystals on re-

moval are drained in baskets j, at the top of

the tub, and while still moist are spread out

in a layer on the floor c c of the drying
, . . • , i , i ^

chamber {fia. 174), which is heated by steam circulating in a space included between

this floor and another floor below.
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Snio Clllfn ? ^"''";!r
^'^eoon^ is/obtainod from nine different works :~

iTedeVii; S^^^^ Cerboli, Castel Nuovo. Monto Kotoudo, San£ iS; CmS r '. ^T/ ueing 163,856 avoirdupois pounds per month

of the prolcZ if the folloSdng statement01 tno production of boracic acid, from the commencement of the works to the year

From 1818 to 1828
.. 1829 „ 1838

1839
1840
1841

1842
1843
1844
1846
1846

1847
1848

Tons
621

4,870

748
878
886
923
923
923
923

1,043

1,043

1,043

Owts.

16

6

13

13

6

15

16

16

16

13

13

13

Tons Cwts.
1849 . . 1,043 13
1850 . . 1,043 13
1851 . . 1,140 0
1852 . . 1,156 19
1853 . . 1,208 19
1864 . . 1,319 7
1855 . . 1,332 19
1866 . . 1,427 1

1867 . . 1,711 4
1858 , . 2,026 10
1859 . . 1.803 18

Society of Arts' Journal.

P.fo5-&"^ff ^^f'''^
'''^''^

''i
"""^^ ^^Soons of Tuscany was discovered in 1777 by

made t?;S/^l°^ '^^^^^
Tuscany, until 1818 all the efforts

Zi.ll ^T^^^o o
^^""^ desultory character, andS ol- ^ ^ ""'I- J-^

^""^"^ ^^"^'^^'^l established the first works at Monte

tS.]Cnh''^ffii^'''i evaporation. In 1828 he began to use
the natural heat oj the soffioni to evaporate the boracic waters of the lagoons, effecting
thiis an enormous saving and greatly extending the works

FxhiWftn ^ff^lT'S''''^'''^'}'' ^T.
' ^'P^'*^ °° Chemical Products of the Great

Inhibition of 1861,' thus speaks of Larderel's discovery •—

^•n'Ji?T?''^^n^''°°i
acid by Count F. de Larderel, of Tuscany, was re-garded by a Council medal. Although this weU-known manufacture is not recent,having attained its full development at least ten years, still the bold originality of its

hrst conception the perseverance and extraordinary resources displayed in the suc-
cessful establishment, and the value of the product which it supplies, ^11 always place
the operations of Count de Larderel among the highest achievements of the useful arts,
and demand the most honourable mention at this epoch. The vapoiu^ issuing from
a volcanic soil is condensed, and the minute proportion of boracic acid which it con-
tains (not exceeding 0-3 per cent.) is recovered by evaporation, in a district without
tuel, by the application of volcanic vapour itself as a source of heat. The boracic
acid thus obtained greatly exceeds in quantity the old and limited supply of borax
Irom the upper distncts of India, and has greatly extended the use of that salt in the
glazes of porcelain, and recently in the making of the most brilliant crystal, when
combined with the oxide of zinc instead of the oxide of lead.'—^coorts of the Jurors of
the Great Exhibition of l^bl. j j

_

Various hypotheses have been advanced to explain the origin of the boracic acid
in the heated vapours of the Tuscan lagoons. Boracic acid is not known in an un-
combined state as a constituent of any rock, but it seems likely that the deep-seated
rocks whence the vapours issue may contain certain borates—such as boracite—and
by the action of hot aqueous vapour on these compounds boracic acid mav be elimi-
nated.

The processes of chemical alteration taking place beneath the crater of Vulcano,
already spoken of, may, according to the statement of Hoffinann, depend upon con-
ditions very similar to those existing in Tuscany. There, likewise, sulphuretted
hydrogen is associated with the boracic acid, and, it would appear in much greater
quantity, since the fissures through which the vapour issues are thickly lined with
sulphur,_which is in sufficient quantity to be collected for sale. A profitable factory
is established at the place, which yields daily, besides boracic acid and chloride of
ammonium, about 1,700 lbs. of refined sulphur and about 600 lbs. of pure alum.—
Bischof.

The boracic acid obtained from the waters of the Tuscan lagoons by the process
previously described is always more or less impure. M. Payen has given the fol-

lowing as tlie composition of this crude boracic acid for 1 00 kilogrammes :
—

Pure crystallised boracic acid . . . . 74 to 84
Sulphate of ammonia, magnesia, and lime . . 14 to 8

Sand and sulphur 2*5 to l'2o

Hygroscopic water disengaged at 35° C. . . 7 to 675
Azotic matter, hydrochlorate of ammonia, &c. . 2'6 to 1
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According to Wittstein, the commercial boracic acid

Sulphate of manganese
iron . . . •

„ alumina . . • •

„ lime . . . •

„ magnesia . . • •

„ ammonia . . • •

„ soda . . . •

„ potash . . . •

Sal ammoniac . . ' •

Silica (in solution) . •
•

Sulphuric acid (with the boracic)

Crystallisable boracic acid .

Water

composed as follows

;

. a trace

.
0-365

,

0-320

,
1-018

.
2-632

,
8-508

.
0-917

.
0-369

. 0-298

. 1-200

.
1-322

, 76-494:

. 6-557

100-000

To obtain pure boracic acid, the crude commercial product should be converted into

boix bTsatSng its solution with carbonate of soda and a hot solution of th s

hovll be then decomposed by addition of oil of Yitriol, when sulphate of soda is

formed and boracic acid set free. Pure boracic acid crystallises m pearly, white,

Seasy scSes spai-Lg^^^ in cold water, but dissolving m three times their

Sht ofbSnr2r%nd forming a solution possessing but feebly acid properties

it ifmore soluble in akohol, and the solution burns with a ^^^'^f'^^'^^Sreen^^m^.

This flame examined by the spectroscope presents a peculiar system f f«fPj>^°^f

'

At a moderate temperature boracic acid loses part of its water of crystallisation, and

forms a compound known as metaboric acid. By further heating, the remainder of

thrwaterT^xpelled. and the anhydrous oxide (BO^) left This anhydride is readi y

fusible to a transpar;nt glass of specific gravit) 1-83. Many of the borates are also

eminently fusiblefand hence their value as fluxes. At a higher temperature, boracic

"""Kck IdfwaTfbrmerly called Homberg's sedative salt, but is not now officinal.

It is sometimes used by the druggist to increase the solubibty of cream of tartar.

BORACXTE. See Boracic Acid.

BORATE OP XiIME. See Boracic Acid.

BORATE or SODA. See Borax.
, ^. . ^ • . .

BORATES. Salts of boracic acid. See ' Watts's Dictionary of Chemistry.
_

BORAX. (Borax, Yv.; Borar, Ger.) Supposed to be the chrysocolla of Pliny.

In the seventh century, Geber mentions borax; and it was described by Geoffi-oy and

by Baron in the early part of the eighteenth century. Borax is a compound _ot

boracic acid and soda (biborate of soda), found native in Thibet, m China, in Persia,

the island of Ceylon, California, and in South America ; it has also been found m
small quantities in Saxony. The crude product from the former locality was imported

into Europe under the name of tincal. Tincal was originally brought from a salt

lake in Thibet ; the borax was dug in masses from the edges and shallow parts of the

lake ; and in the course of a short time the holes thus made were again filled. The

imported tincal was purified from some adhering fatty matter by a process kept a

long time secret by the Venetians and the Dutch, and which consisted chiefly in

boiling the substance in water with a little quicldime.

Attention has been directed within the last few years to some extraordinary de-

posits of borax in Borax Lake, California. This lake is a small body of water, form-

ing a narrow arm on the eastern side of Clear Lake, from which it is separated by a

low ridge of loose volcanic materials. It is situated about 65 miles N, W. of Suisan

Bay, and about 36 miles from the Pacific coast. Borax Lake was first described m
1866, by Dr. Veatch, who detected the presence of borax in the water, and some

months afterwards a large bed of crystals of borax was discovered at the bottom.

Some of these crystals are microscopic, but others are unusually large, somo_ of the

faces measuring from 2 to 3 inches across. They form a layer of variable thickness,

intermixed with blue mud at the bottom of the lake, from which they are collected

during the dry season. A sample of water from the lake, collected in September

1863, and analysed by Mr. G. E. Moore, contained 2401-56 grains of solid matter per

gallon, of which about one-half was chloride of sodium, one-fourth carbonate of soda,

and the rest chiefly borax. Indeed, the water contained per gallon 281-48 grains of

anhydrous biborate of soda, equivalent to 535-08 grains of crystallised borax.

Samples collected from a coffer-dam sunk in the middle of the lake were even richer.

The borate of soda has also been found at Potosi, in Peru ; and it has been discovered
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' In the to^raship of Joly thoro occurs a very intorosting sprinc on the banks of the

SeZt atfep '"o^f
^ ^"^''^'^ a^out'fivTSs from tho^^^^^^^^^^

w.. Ik l -^
^Z*^'"'-

furnishes three or four gallons a minute of a

r ehanifwlVnl"^^^^^^^^^^ "^^'^ "'^^ ^'^'^ 'l^P^^'^ ^hite matter alg
The tnm^lT '/m

^-^^'P^ ^'^g'^tation generally met with in sulphur springs

in niTo^^ r^,°^
^^"^ •^^'^'^^"S 7th of July was 46° F., the air

nl !..? u . T'^'^ T '^'^°?Sly saline, but when concentrated is very alka-

n n^rJ '^1 ' P contains, besides chlorides, sulphates, and carbonates,a considerable proportion of boracic acid, which is made evident by its power ofreddening paper coloured by turmeric, after being supersaturated with hydrochloric
acid.

. . . The analysis of 1,000 parts of the water gave as follows :—
Chloride of sodium

^ 0*3818
„ potassium .

Sulphate of soda
Carbonate and borate of do.

„ of lime

,, magnesia
Silica ....
Alumina ....

0-0067

0-0215

0-2301

0-0620

0-0257

0-0245

a trace

0-7523

• The amount of boracic acid estimated was found to be equal to 0'0279.'
The following is the mode of purifying borax. The crude crystals are to be broken

into small lumps, and spread upon a filter lined with a lead grating, under which a
piece of cloth is spread upon a wooden frame. The lumps are piled up to the height
of 12 inches, and washed with small quantities of caustic soda-lye of 5° B. (specific
gravity 1-033) until the liquor comes off nearly colourless; they are then drained, and
put into a large copper of boiling water, in such quantities that the resulting solu-
tion stands at 20° B. (specific gravity 1-160). Carbonate of soda equivalent to 12
per cent, of the borax must now be added ; the mixed solution is allowed to settle,
and the clear liquid is syphoned off into crystallising vessels. "Wlienever the mother-
waters get foul, they must be evaporated to dryness in cast-iron pots, and roasted, to
burn away the viscid colouring matter.

_
The following process for refining the native Indian borax, or tincal, has been pub-

lished by MM. Kobiquet and Marchand :

—

It is put into large tubs, covered with water for 3 or 4 inches above its surface, and
stirred through it several times during six hours. For 400 lbs. of the tincal there
must now be added 1 lb. of quicklime diffused through two quarts of water. Next
day the whole is thrown upon a sieve, to drain off the water with the impurities, con-
sisting, in some measure, of the fatty matter combined with the lime, as an insoluble
soap. The borax, so far purified, is to be dissolved in 2^ times its weight of boiling
water, and 8 lbs. of muriate of lime are to be added for the above quantity of borax.
The liquor is now filtered, evaporated to the density of 18° or 20° B. (1-14 to 1-16

specific gravity), and set to crystallise in vessels shaped like inverted pyramids, and
lined with lead. At the end of a few days, the crystallisation being completed, the

mother-waters are drawn off, the crystals are detached and dried. The loss of weight
in this operation is about 20 per cent.

Borax is sometimes adulterated with alum and common salt : the former addition

may be readily detected by a few drops of water of ammonia, which will throw down
its alumina ; and the latter by nitrate of silver, which will give with it a precipitate

insoluble in nitric acid.

The native boracic acid obtained from the lakes of Tuscany, being manufactured in

France into borax, has greatly lowered the price of this article of commerce. When
MM. Payen and Cartier first began the business, they sold the crystals at the same price

as the Dutch, viz., 7 francs the kilogramme (2^ lbs. avoird.); but, in a few years,

they could only obtain 2 francs and 60 centimes, in consequence of the market getting

overstocked. The mode of malting borax from the acid is as follows :—The lake wat^r

is evaporated in graduation houses, and then concentrated in boilers till it ciystallisos.

In that state it is carried to Marseilles. About 1,100 lbs. of water are made to_ boil

in a copper, and 1,320 lbs. of crystallised carbonate of soda are dissolved in it by
successive additions of about 40 lbs. The solution being maintained at nearly tlie

boiling point, 1,100 lbs. of the crystallised boracic acid of Tuscany are introduced, in

successive portions. At each addition of about 22 lbs. a lively effervescence cnaueB,

on which account the copper should bo of much greater capacity than is sufiRcient to
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contain the liquors men the whole acid has been added, the fire must be damped

bv beine covored up with moist ashes, and the copper must bo covered with a tight

lid and blankets, to preserve the temperature uniform. The whole is left m this state

dm-ine- 30 hours • the clear liquor is then di-awn off into shallow crystallising vessels

of lead in which it should stand no higher than 10 or 12 inches, to favour its rapid

coolinff At the end of throe days in winter, and four m summer, the crystallisation

is usuailv finished. The mother-water is drawn off, and employed, instead of simple

-^vater for the purpose of dissolving fresh crystals of soda. The crystals are carefully

detiiched with chisels, re-dissolved in boiUng water, adding for each 220 lbs. of borax,

22 lbs of carbonate of soda. This solution marks 20° B. (specific gravity 1-160);

and at least, one ton of borax should be dissolved at once, m order to obtain crystals

of a marketable size. Whenever this solution has become boiUng hot, it must be run

off into laro'e crystallising lead chests of the form of inverted truncated pyramids,

furnished with lids, inclosed in wooden frames, and surrounded with mats to confine

the heat. For a continuous business there should be at least 18 vessels of this kind,

as the solution takes a long time to complete its crystallisation, by cooling to 30° C,

(86° F.) The borax crystals are taken out with chisels, after the liquor has been

cbawn off and the whole has become cold.

One hundred parts of the purest acid, usually extracted from the lakes of Tuscany,

contain only 50 parts of the real boracic acid, and yield no more, at the utmost, than

140 or 150 of good borax.

A considerable saving of expense in manufacturing borax, and a more ready appli-

cation of the borax to use, has been proposed by Saulter, as follows :—Take about 38

parts of pure crystallised boracic acid, pounded and sifted ; mix them well with 45

parts of crystals of carbonate of soda, in powder
;
expose the mixture upon wooden

shelves to heat in a stove-room ; and rake it up from time to time. The boracic acid

and the alkali thus get combined, while the carbonic acid and water are expelled ; and

a perfect dry borax is obtained.

Borax is an acid borate or biborate of soda, usually crystallised in oblique prisms,

with 10 atoms of water. Under certain conditions it may also be obtained in octa-

hedra, containing only half this proportion of water ; and by application oi heat the

whole of the water may be expelled with intumescence. The composition of these

three forms of the salt may be thus exhibited :

—

Prismatic Borax (NaO, 2B0', lOHO).

2 atoms of boracic acid 70 or 36 "6

1 ,, soda . . . . . . . 31 „ 16'3

10 „ water 90 „ 47-1

191 100-0

Octahedral Borax (NaO, 2B0^ 5H0).

2 atoms of boracic acid 70 or 47'9

1 „ soda 31 „ 21-2

5 „ water 46 „ 30'9

146 100-0

Anhydrous Borax (NaO, 2B0').

2 atoms of boracic acid 70 or 69-4

1 „ soda 31 „ 30-6

101 100-0

Borax has a sweetish, somewhat lixivial taste, and affects vegetable colours like an
alkali ; it is soluble in 12 parts of cold, and in 2 parts of boiling water. It effloresces

and becomes opaque in a dry atmosphere ; it appears luminous, by friction, in the
dark. It melts at a heat a little above that of boiling water, and gives out its water
of crystallisation, after which it forms a spongy mass, called calcined borax. The
octahedral borax, which is prepared by crystallisation, in a solution of 1-255 specific

gravity, kept up at 145° F., is not efflorescent. When borax is ignited, it fuses into
a glassy-looking substance.

Dry borax acts on the metallic oxides, at a high temperature, in a very remarkable
manner, melting and vitrifying them into very beautiful coloured glasses. On this
account it is a most useful re-agent for the blowpipe. Oxide of chrome tinges it of an
emerald green ; oxide of cobalt, an intense blue ; oxide of copper, a pale green ; o;xida

Vol. I, F F
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of tin, opal; oxido of iron, Lottie gi'oon and yoUow; oxido of manganese, violet;
oxide of nickel, pale emerald green. Tlio wliite oxides impart no colour to it by
themBolves. In the fusion of metals, borax 'protects their surface from oxidisoment,
and oven dissolves away any oxides formed upon them

;
by which twofold agency it

becomes an excellent flux, invaluable to the goldsmith in soldering the precious
motiils, and to the brazier in soldering copper and iron.

Borax absorbs nmriatic and sulpluirous acid gases, but no others, whereby it be-
comes, in this respect, a useful means of analysis.

Tlie strength or purity of borax may bo tested by the quantity of sulphuric acid

requisite to neutralise a given weight of it, as indicated by tincture of litmus.

When mixed with shellac in the proportion of one part to five, borax renders that
resinous body soluble in water, and forms with it a species of varnish.

The applications of borax in the manufacture of enamels, glazes, and of glass, will

bo noticed in the articles devoted to the consideration of those special industries.

BORING. "Wliether for the purpose of searching for coal or other minerals, or

for obtaining water for the supply of towns or for land irrigation, the import-

ance of boring as a branch of mining science is so important as to command careful

consideration in a work of this description.

Under the head of Aetesian Wells, the various physical conditions under which
water may be obtained by means of boreholes, have been described. It is now pro-

posed to give an account of the different modes of prosecuting boreholes, and to refer

to the purposes, other than the finding of water, for which the science of boring is

resorted to.

It may be stated generally, that beyond the question of water supply, the boring of

holes is chiefly carried out with the object of proving the existence, or otherwise, of

rocks or minerals of more or less value. Whilst in putting down holes for the discovery

of water, a simple hole, in a firm and durable condition, is all that is required, in the

proving of minerals it is very important that the result of the borings should indicate

very accurately the character and section of the strata passed through. The extent

to which this end has been accomplished will be hereafter referred to.

Boring for water appears to have been in use from the earliest periods, in Egypt

and in Asia. In many of the desert tracts there are remains of borings, which served,

evidently at one period, to supply the wants of extensive populations which once in-

habited those now deserted regions. In the ' Guide du Sondeur,' by M. J. D%oussee,

we find it stated, with reference to China :
' There exists in the canton of Ou-Tong-

Eao many thousand wells in a space of ten leagues long by five broad. These

wells cost a thousand and some hundred taels (the tael being of the value of 6s. M.),

and are from 1,500 to 1,800 feet deep, and about 6 inches in diameter. To bore

these wells, the Chinese commence by placing in the earth a wooden tube of 3 or

4 inches diameter, surmounted by a stone edge, pierced by an orifice of 5 or 6 inches ;

in the tube a trepan is allowed to play, weighing 300 or 400 lbs. A man mounted

on a scaffold, swings a block, which raises the trepan 2 feet high, and lets it fall

by its own weight. The trepan is secured to the swing-lever by a cord made of reeds,

to which is attached a triangle of wood ; a man sits close to the cord, and at each

rise of the swing seizes the triangle and gives it a half turn, so that the trepan may

take in falling another direction. A change of workmen goes on day and night, and

with this continuous labour they are sometimes three years in boring wells to the re-

quisite depth.'
. J r. 1. • T, J

Hand boring.—The surface arrangements usually required for boring by hand, are

shown hjjig. 175. In ordinary practice, a well is first sunk of such a depth that the

boring apparatus can be fixed in it; and thus a stage, raised from the surface of the

CTound, is dispensed with. A stout plank floor, well braced together by planks nailed

transversely, and resting on putlocks, forms the stage. In the centre of the_ floor is

a square hole, through which the boring rods pass. The plant required consists of a

sprine pole A, to assist in giving the necessary motion to the rods when at work, the

three legs with pulley blocks, chain, and roller, or windlass for drawing and lowering

the rodsT and the several lengths of rods required, ^vith the various chisels, pumps,

^
The borehole is usually commenced by digging a small pit about 6 feet deep, and

over this is set up the three legs, with pulley, &c. A few feet --ron tub.ng are also

sometimes inserted at the commencement, to protect the sides of the boretiolo.

The^oring rods are usually from 10 to 20 feet long. The chisel is first inserted,

then rocls added as the work progresses. At the top of the ^ods are attached two

handles about 4' 0" long, placed at right angles to each other By means of these

liie borers wo^^^ the rod? up and down,"at the same time giving them a circular motion

in order to alter the position of the chisel at each stroke.
• ^ i ,

As the depth increases, the men at the handles or cross-bar are assisted by moans
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f anole or lover at the surface ; one end being firmly fixed in the ground between two

ts tlie other being allowed to pass over the hole. From the end of this pole the

rods are attached by means of a chain ; thus every time the borers strike the

hisel the lever enables them to lift the rods high enough to give the necessary impetus

to the' rods for the next blow. The chisel is occasionally withdrawn, and a long

bucket with a hinged valve at the bottom opening upwards, is attached to the rods,

and lowered into the hole. The borers press this down upon the material broken up

bv the chisel, so that a quantity of debris becomes enclosed in the bucket, and is

drawn up to the surface. This process is repeated until the hole is made clear, and

ready again for the chisel.

The rods are drawn by means of a windlass attached to the tliree legs, and are un-

screwed at every second joint, until the whole of them are drawn out. They have

to be again screwed together when they have to be lowered.

175

This style of boring is limited to a small depth ; the weight of boring rods becomes
so great -with an increasing depth, that the borers, even when assisted by a lever, are
unable to lift them. A depth of about 300 feet may be safely bored in this way.
The nature of strata bored through is ascertained from the material brought up by

the bucket ; and the borers having constantly hold of the cross-bar, any change of
strata is at once indicated by the stroke of the chisel against the various beds met
with, being imparted to the hands of the men, who acquire by experience great deli-
cacy of touch. A now description of spring has lately been used with the hand-
boring machine. This consists of several layers of india-rubber, about 1 inch square,
and 2 foot 6 inches long, increasing tlio number of layers as the weight of rods be-
comes greater. Each end of the india-rubber is fixed in strong iron clamps, one

F F 2
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attaclicd by a chain to the three legs, and the other coupled to the top of the rods;
the elasticity of the india-rubber ia thus brought to play upon the motion of the rods.

Horizontal lionug by Hand.—For boring in the bides of mountains, quarries, or
other places -whoro long horizontfil holes are required, the machine illustrated by
fig. is sometimes used. The rods, chisels, pumps, &c., are all of the same de-

scription us those used for vertical boring, except that thoy are of somewhat lighter

make. The rods are drawn out of the hole by moans of the rope a, the weight c,

which hangs in a small pit suspended by the rope b, being raised at the same time.

The rope a is then slipped, and the falling weight c drives the rods into the hole again.

The rods are kept steady and horizontal by being caused to' run over a small roller

fixed on the frame, and also by moving in a slide block, adjusted by a screw and nut.

After using the chisel for a short time, the rods are withdrawn, and the pump or

scourer introduced to clear away the debris, the other work being carried on as with

ordinary vertical hand-boring.

Boring by Steam Power.—Where boreholes are required of any considerable depth,

and where s]ieed is of importance, hand-labour has been superseded in recent years

in a variety of modes ; the best of

wliich is probably the system largely

adopted in America in searching for

petroleum. This machine, which is

shown by fi^. 177, is driven by a small

engine, and consists of a lever or

wooden beam, connected at one end to

a small crank with a rediicing slide, by
means of which the stroke can be made
either short or long.

The chisels used are screwed into

a connecting piece, which is attached

to an iron-wire rope, and wliich is

constructed with a slide (see fig. 34,

p. 439), so that after the cliisel strikes

the bottom of the hole, the top part of

thfe connecting rod slides down, keeping

the rope taut in the hole ; when again

lifted up, it rises until it catches the part ,to which the chisel is con^^^^^^^^ This

apparatus prevents the rope from becoming slack in the hole when the tool falls.
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The chisels employed are of the ordinary descnptjon : ^.h st by hand Coring holes

P f ^nre tlnn a few inches diameter ca.i be put down, ^vith this apparatus holes of

of not mor°Jl -vn

J ^ ^ ^ any difficulty.

'^"^hto; " atSto th^^
i« p--<i

of the hole through strong iron clamps, a, over which it hangs loosely to allow for

rupS andV-l-t^ ^^inAZSZ
rarS':.w"ig- '^^^ ^^-^ ^^^^^^^

"S^'r^l^fd™ u^by a small drum, b. driven from the same shaft as the

crankused for working the beam; a brake being attached to the di-urn for the purpose

riowTn- rhe chisel md connections into the bottom of the hole. This brake con-

Siste^f two pieces of timber, e e, which are drawn together by means of a rod and

''"Ift^r the chisel has been at work for a short time, it is drawn up by means of tii

e

drW 1., and the pump f is then introduced, being lowered by the small drum g, which

hS^^lso a brake Attached. This pump is worked up and down a few Umes, then

drawn up by the wire rope h, driven by the wheel on the main driving shaft.
_

The engine used is an ordinary portable engine, with a cylinder 9 inches m dia-

"^The boring rope is usually | inch in diameter, and is covered with tarred hemp rope

^°
ThTdeS'from the surface, and thickness of the various strata passed through is

ascertained by observing the wire rope, and by carefully noting the nature of the

samples drawn up by the steel pump.
_ , , . j j- „

In boring with this machine, a small hole is sometimes kept in advance a distance

of about 4 feet, the sides of the hole being removed by the larger chisel, and the

pieces thus broken oflPare brought up by the pump, and kept in sample boxes.

The average rate of boring varies from 10 to 20 feet per day of twenty-four hours.

It is usual, whether in boring by hand or steam power, to line the hole from the sur-

face down to the solid strata with tubes ; and should any loose strata, as sand, bo

afterwards met with, tubes of smaller diameter than those first introduced are put

down, this necessarily causing a contraction of the hole, and also of the tools.

11^
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Fin 2 is the braco-head, or cross-head, with the four handles held by the borers.

is a catch for raising the rods from the boroholo.
, ,

Fins i. 6 and 7, are spanners, used for screwing the rods together, and holding

them sto'dy at the top of the borehole. The shoulders of the rods rest between the

m 8 is the ordinary chisel used for boring.
^i. , i

FiQs Q I o, II, and 12, are various forms of chisels used for making the hole

cylindricai, and for breaking up hard fragments of rock at the bottom of the hole.

Mas 13 and 14 are also tools used for the latter purpose.
_

Figs'. IS, 16, and 17, are chisels used for breaking off projections from the sides of

the hole : .^5. 16 and 17 showing two views of the same tool.

as n

The implements used in extracting debris from boreholes are as follow :

—

Figs. 18, 19, 20, and 21, are augers or wimbles, used for bringing up argillaceous

strata.

Fig. 22 is an auger for boring through clay, generally used in commencing tlio

borehole.

Figs, 23 and 24 are pumps or scourers, for bringing up the debris broken up by the
chisels.

Fig. 25 is a scourer with valves, which are closed by turning the rods round, the
action of tlie screw b causing the part d to descend.

Fig. 26 is an arrangement of pincers for extracting pieces of rock which are too
large to enter the pump.

The instruments employed for rectifying accidents are as follow :—
Fig. 27 is a special screw for drawing out broken rods or tools.

Fig. 28 is a spring catch for extracting broken rods.

Figs. 29 and 30 are catches used for extracting broken lining tubes. One of the
branches of the appliance shown hy fig. 30 is fixed, and the other moveable.

^ig- 31 is a screw tap, also used for extracting tubes.
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Fiff. 32 is a tool usod for cutting lining tubes when it is found that they cannot bo
drawn out all at onco. c exhibits a plan of the cutter,

^iff' 33 is a plug used for driving down lining tubes.

In some cases it is required after the tubes liavo been inserted, to rccommonco
l)oring tho liole, and make it of the same size as the outside diameter of the tubes.

To accomplish this object sovcriil ingenious devices have been designed.
In most of these tho cliisel intended to form tho largo diameter of tho hole is passed

down through tho tube flusli with tho sides of tho tool, and when reaching tho

bottom of tlio tube it is brouglit into position in several different ways. In one
case, a screw when turned, forces out tho cutters. In anotlier, tho chisels arc pushed
out by springs.

Another mode is to attach to tho moveable chisels a dry hemp cord, the contraction

of which when soaked in water draws up the chisels.

In boreholes of a considerable diameter, a ' free falling ' arrangement, as shown by

35 and 36, is sometimes adopted, a a are pins, holding in a fixed position two
long clutches, which hold the end of tho boring

rods at e. The disc d is of the saine diameter as the

hole being put down. When the sliding arms reach

the bottom of tho stroke, the arrow-head e is caught,

and is drawn up to the top of the hole, as shown
by Jiff. 35. Immediately the down stroke commences,

the resistance against the disc, caused by the watfir

standing in the borehole, causes it to open the

clutches and disengage the tool. It will be seen that

this apparatus is only aj)plicable where a column of

water is present.

35 36

jliilili.'ji'iiiiijWilil D IE

I

simple in

machines.

Having now described the tools used in the ordinary

modes of Boring, attention may be drawn to various

modern improvements in this science.

A method of boring with hollow rods, combined

with a force-pump, was introduced about the year

1846 by M. Fauvelle, in order to obviate the neces-

sity of using the shell, the detritus produced by the

tool being removed continuously by a downward
current of water forced by the pump through the

interior of the rod, and rising in the annular in-

cluded space between the exterior of the rod and the

lining tube. In spite of the apparent advantages of

this method, namely, the maintenance of a clear face

of rock for the cutting tool to work on, and the saving

of time due to the abolition of the shell, and the

adoption of the method of continuous discharge,

it does not appear to have come much into use.

Eecently, however, a modification in which the dis-

charge of the detrition is effected by an upward

current of water through the rod, has been employed

to advantage in borings for petroleum in Western

Canada.
Fauvelle's system of boring is probably the most

existence, and has the power of boring at a quicker speed than other

A short description of its mode of working may therefore be desirable.

The machine is driven by engine-power, in the manner shown in Jiff. 178, p. 441.

Tho boring rods consist of ordinary steam tubing, 2 inches diameter, and jointed

ton-nther by union boxes. The chisels are welded into short lengths of tubing, small

holes being left at tho bottom of the tube. Water is forced in at the top of the bore-

rods by means of a small force-pump, worked by a crank on a pimon-whoel, winch is

connected to a larger pinion on the main shaft. Tlie water from this pump is first driven

into an air-chamber, and is taken thence by india-rubber tubing to the top of the bore-

rods, from which it escapes at the bottom of the rods a few inches above the chisel point.

It is forced thence to the surface, carrying with it all tho debris cut up by the chisel.

This debris is caught in pots or settling troughs, and from an examination of these

tho nature of tho strata passed through is ascertained. ..11
Independently of this test, however, the man in charge of the machine constantly has

his hands upon the rods, and in this way can tell by the character of tho stroke any

change of strata, which is at once marked upon the rods.
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The boring rods aro a.llo^7ed to have a percussive fall ;
and are connected by iron

The bonng ru
^^^^^^^ ^^^^ ^j^^ ^^^^^ ^^^^^ fastened to

ttrJovor B In 5^^^^^^^ B^otion is imparted to this by the wheel e. ^vhIch has

t,vn hlnpks or cams fixed in its periphery. w ^

The action of these cams gives two full strokes of the rods for every revolution of

'^'Th^sJroke at commencing a borehole is about 1 foot 3 inches, but as the depth

178

increases, the stroke is shortened by attaching the rope nearer to the centre of the

lever.

At a depth of 800 feet this stroke would be not more than a few inches, the weight

of rods being suificient to drive the chisel forward, with a very short stroke.

"When the rods have to bo drawn for changing the chisel they are attached to the

hook F, and are drawn up by means of a small drum on the main shaft to the height of

the small wheel ii ; tlio first length is then unscrewed and init on one side, the hook f
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being again lowored, connoctod to tlio rods and drawn as above until tlic wholo of the
rods arc drawn out. There is a brake attached to the drum on the main ishaft, whicli
18 used tor lowering the rods into the hole.

lu cases where the strata passed through are of a soft character, tubes are
sometimes driven forward as the hole progresses, these at first being about 4J inches
diameter and faced with steel. They are driven forward by ;i largo iron weight,
and should the first pipe meet with anything that it cannot drive through, smaller
sized tubes are introduced.
The chisel used is about ^th of an inch smaller than the lining tubes.
This machine has bored in chalk a depth of 76 feet in 12 hours.
The Diamond Boring Machine.—In all the modes of boring described above, the

borer or drill acts by percussive impact against the face
of the strata, producing a volume of powdered rock equal
to the solid contents of the borehole. In the diamond
machine, invented by M. Leschot, the cutting tool is of a
tubular form and receives a uniform rotating motion

;

the result being the production of a cylindrical core from
the rock of the same size as the inner periphery of the
tube, showing to great depths the different stratification

through which the boring tube passes. The general prin-
ciples on which the machine is constructed are as follow :

—

A continuously revolving and progressing boring head,
having projecting diamond points, works in combination
with a tubular boring bar.

The boring bit {fig. 179, is a steel thimble, about 4 inches
in length, having two rows of Brazilian black diamonds
(such as are used by lapidaries) in their natural rough state

firmly imbedded therein, the edges projecting slightly from the outer and inner peri-

pheries respectively. The diamonds in the centre row cut the path of the drill in

its forward progress, while those upon the outer and inner periphery of the tool

enlarge the cavity around the same and admit the free egress and ingress of the
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water as hereafter described. As the dnll passes into the rock, cutting an annular

rannel the portion of stone, encircled by tins channel is, when ot a compact nature

?Si rbecl and the di-ill rod passing down over it preserves it intact until the solid

cvS cal core thus formed is withdrawn with the rods.
, ,t,

• •

i a

The hamonds are placed at intervals of about ird of an inch apart both mside and

outside the tube, the projection beyond the surface of the metal being not more than

^Thftond teeth are the only parts of the tool which come in contact with the

rock7and their hardness is such that more than 2,000 feet have been drilled by the

same points with but little appreciable wear.

The drill rods are made hollow, in order that a volume of water may be conducted

181

away, andto the boring bit, at once moistening the rock, washing the cuttings

preventing the over heating of the diamonds.
The machinery for boring great depths is shown by Jig. 180, p. 442, and consists of

a portable engine having two oscillating 6-inch cylinders witli a 6-inch stroke. The
boiler is tubular, 3J feet x 7 feet, and with flues 3 inches in diameter, the steam

capacity being about 16 h. p.

The pump p and water hose h are connected by rubber hose with a,ny convenient

stream or reservoir of water, and also with the outer end of the drill pipe by similar

hose having a swivel joint. Through this hose a stream of water is forced, by M.
Fauvelle's system, into the hollow drill rod, from which it only escapes at the bottom

of the diamond pointed bit.

_
The drill rods may be extended to any desirable length by simply adding fresh

pieces of tubing. The successive lengths are quickly coupled together by an inside

coupling 4 inches long, the drill being held firmly in its place by the chuck G at the

bottom of the screw shaft.

,
_
The speed of drilling depends chiefly of course upon the character of rock met with

:

in ordinary rock the drill being fed at the rate of 300 revolutions to tho_ inch

—

the diamonds cutting the one three-hundredth part of an inch at each revolution, and
in marble, hard sandstone, &c., at the rate of an inch for every 200 revolutions.

The progress of the diamond bit or crown docs not depend upon the pressure of the
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rods, which is nrrangod to bo always tho same. The diamonds work their way l;v
steady aud gontlo attrition.

^

Thoso machines will Lore holes from one to three inches in diameter.
The advance per minute in pure Mount Cenis quartz equalled 2i inches, in

granite about 2 inches, and in very hard calcareous dolomite 3 inches.
The diamond machine shown hy Jigs. 181 and 182 has lately been perfected by

Messrs. Appleby and Beaumont.
The boring bit with diamonds set tliorein is exactly similar to that used in tho

machine described, but the boring machinery is of a dilFcrent description. This
machine is worked by an independent engine, and driven by leather or other belts,
the circular motion given to tho boring rods being convoyed by bevel gear. To this
machine appliances are attached for the driving forward of the lining tubes. This is
done by means of a series of weights n attached to a chain passing round the wheel m,
and connected to the sliding clutch

ff ; this is made to press upon tho tubes. At tho
same time an ordinary chisel is attached to the boring rods and worked from tho table
A A, tho rods passing down the centre of the tubes.

The dibris is washed out at times by means of the pump fixed upon the machine.

After the lining tubes aro made secure and water tight (it being an essential point

that all water forced down the boring rods should come up on the hisidc of the lining

tubes, so that all washings or indications of change of strata may be at once noticed),

the diamond drill is introduced and boring proceeded with in the usual manner.

The rods are drawn by means of a chain passing over shear legs about 45 feet high

and wound upon a drum fixed on the machine. The rods aro unscrewed in lengths,

and placed on one side of the machine.

The rods, by tliis system, are seldom drawn, except for the purpose of extracting tho

core made ; the core tube being usually about 14' 0" long, with a small spring at the

bottom for the purpose of retaining the core while cba^ving the rods. Tlio cores mado

in these machines are usually from 1 inch to l-i inch in diameter.
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Tho boring rods are of the best steel, and jointod together by unions or coupling

^°In';oft strata it is somewhat difficult to obtain a core by the diamond borer, but in

horinrthrough hard rocks for which this machine :s specially suitable a very perfect

Ze ,^s produced. The best average speed accomplished by this machine m hard rock

V;^^^^^^^^^ cheese method of boring with ropes,

instead of rigid rods, has been tried at different times in Europe, but without any

Ireat amount of success ; the system of rigid suspension being preterrcd for working,

not only ?he cutting tool, but also the shell. A very important modification of this

SnS has, however been introduced by Messrs. Ma her and Piatt of Salford, who

Ce 8ucceed;d in carrying bores of considerable size (8 or 10 inches in diameter) to

denths of 1,200 feet and upwards.
, i . . • 4.1

In this system, instead of the implements being attached to rods as m the previous

systems, they are suspended by a flat hemp rope about 4 inch thick and H inches

broad such as is commonly used at collieries, and tho boring tool and shell pump are

raised and lowered as quickly in the borehole as tho cages m a colliery shaft.

The flat rope a a, fig. 183, from which the boringheads is suspended, is wound upon

183

a large drum c, driven by a steam-engine d with a reversing motion, so that one man
can regulate the operation with tho greatest ease. All the working parts are fitted

into a wood or iron framing e, rendering the whole a compact and complete machine.

On leaving the drum c, the rope passes under a guide pulley f, and then over a large

pulley G, carried in a fork at the top of the piston-rod of a vertical single-acting

stoara-cylinder H.

This cylinder, by which the percussive action of the boring head is produced, is

fitted with a piston of 15 inches diameter, having a heavy cast iron rod 7 inches

square, which is made with a fork at the top carrying a flanged pulley.

The boring head having been lowered by the winding drum to the bottom of the
borehole, tlio rope is fixed securely at that length by the clamp j ; steam is then ad-
mitted underneath tho piston in the cylinder h by the steam-valve, and the boring

•tool is lifted by tho ascent of the piston-rod and pulley g ; and on arriving at the top
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Itm^SfnH .
/alve » opened for the steam to escape, allowing the

bottom of fl,

"
•

borehole. The exhaust port is 6 inches above the

thus «Kv .v
^ f'S'

° «team port is situated at the bottom ; and there is

foi tl W f °^ '"'^''"''^ i" the cylinder of that tliickness

Pv 'n .
"P?"' P^«v«"t5"g the piston from striking the bottom of the

f.,,.V?„f T ?
'"''^ exhaust valves are worked with a self-acting motion bytappets, winch are actuated by the movement of the piston-rod; and a rapidsuccession ot blows is thus given by the boring tool on the bottom of the boreholeAs It IS necessary that motion should be given to the piston before the valves canoe acted upon, a small jet of steam is allowed to be constantly blowing into the

bottom of tlie cybnder
; this causes the piston to move slowly at first, so as to take up

the slack of the rope and allow it to receive the weight of the
184 boring head gradually and without a jerk. An arm attached to the

I

piston-rod then comes in contact with a tappet which opens the

/^r^ steam-valve, and the piston rises quickly to the top of the stroke
;

ff ^\ another tappet worked by the same arm then shuts off the steam]
and the exhaust valve is opened by a corresponding arrangement
on the opposite side of the piston-rod. By shifting these tappets
the length of stroke of the piston can be varied from 1 to 8 feet
in the large machine, according to the material to be bored through

;

and the height of fall of the boring head at the bottom of the
borehole is double the length of stroke of the piston. The fall of
the boring head and piston can also be regulated by a weighted
valve on the exhaust pipe, checking the escape of the steam, so as
to cause the descent to take place slowly or quickly as maybe
desired.

The boring head sjiff. 184 consists of a wrought-iron bar about
4 inches diameter and 8 feet long, to the bottom of which a cast-
iron cylindrical block c is secured. This block has numerous
square holes through it, into which the chisels or cutters are
inserted with taper shanks so as to be very firm when working,
but to be readily taken out for repairing and sharpening. A little

above the_ block c another cylindrical casting e is fixed upon the
bar B, which acts simply as a guide to keep the bar perpendicular.
Higher still is fixed a second guide f. To effect the rotation of
the boring tool, two cast-iron collars g and h are cottered fast to
the top of the bar b, and placed about 12 inches apart. The upper
face of the lower collar g is formed with deep ratchet-teeth of
about two inches pitch, and the under face of the top collar h is

formed with similar ratchet-teeth set exactly in line with those on
the lower collar. Between these collars and sliding freely on the
neck of the boring bar b is a deep bush j, which is also formed
of corresponding ratchet-teeth on both its upper and lower faces

;

but the teeth on the upper face are set half a tooth in advance of
those on the lower face, so that the perpendicular side of each
tooth on the upper face of the bush is directly above the centre of
the inclined side of a tooth on the lower face. To this bush is

attached the wrought-iron bow k by which the whole boring bar
is suspended with a hook and shackle from the end of the flat rope.

The rotary motion of the bar is obtained as follows: when the

boring tool falls and strikes the blow, the lifting bush j, which
during the lifting has been engaged with the ratchet-teeth of the

top collar H, falls upon those of the bottom collar g, and thereby

receives a twist backwards through the space of half a tooth ; and
on commencing to lift again, the bush rising up against the

ratchet-teeth of the top collar h receives a further twist backwards

through half a tooth. The flat rope is thus twisted back-\rards

to the extent of one tooth of the ratchet ; and during the lifting of

the tool it untwists itself again, thereby rotating the boring tool forwards through

that extent of twist between each successive blow of the tool. The amount of the

rotation may be varied by making the ratchet-teeth of coarser or finer pitch. The

motion is entirely self-acting, and the rotary movement of the boring tool is ensured

with mechanical accuracy. This simple and most effective action taking place at

every blow of the tool produces a constant change in the position of the cutters,

thus increasing their effect in breaking the rock.

The Shell-Pump, for raising the material broken up by the boring head, is shown

E

D

mi
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185

• ^ lo;; or,<1 Ponsists of a cylindrical slieU or barrel p of cast-iron, ahowt 8 feet

!" f.' liJtle SSor h diameter tlian the size of the borehole. At the bottom is

'rcick A iodng ipwaids, some.vhat similar to that in ordinary pumps; but its

le. iui fnstSad of being fastened to the cy inder p, is an an

annula; frame c, which is held up against tlie bottom of the

cvHmS- by a rod d passing up to a wrought-iron bridge e at

S op Sere it is secxu-ed by a cotter r. Inside the cylmler

lorks a bucket similar to that of a common W'
l^^^^J.

an india-rubber disc valve on the top side; and he ro d oi

the bottom clack passes freely tlirough the bucket. The rod

G of the bucket itself is formed like a loTig Imk m a chain, and

by this link the pump is suspended. The bottom clack A is

niade with an india-rubber disc wliich opens sufficiently to

allow the water and smaller particles of stone to enter the

cvUnder ; and in order to enable the pieces of broken rock to

be brought up as large as possible, the entire clack is free to

rise bodily about 6 inches from the annular frame _c, as sOiown

in Jra. 185, thereby affording ample space for large pieces oi rock

to enter the cylinder when drawn in by the upstroke of the

^"m general working of the boring machine is as follows :—

-

The boring head is hooked on to the end of the rope, and lowered

to the bottom of the borehole, the rope is then secured by a

clamp to prevent it from being drawn off the winding drum.

Steam is admitted to the percussion cylinder, and the bonng

bar kept at work until it has broken up a certain quantity ol

material in the borehole. After this operation, the steam is

shut off, the rope undamped, and the boring head withdrawn.

The shell-pump is next lowered down by the rope, and the

debris pumped into it by lowering and raising the buckets in

the pump about three times, by means of the winding engine,

while the pump barrel rests upon the bottom of the borehole.

These operations are repeated every fifteen or twenty minutes.

Three men are required to work the machine and sharpen the

implements.

Cost of Boring.—h, will be understood that the advantage

of putting down boreholes, as compared with wells or shafts

of large diameter, consists not only in the general convenience

in the small size, but also in the relative cost, which may be

said to vary according to tlie area of the perforation, but in an

uneven ratio.

The cost of boring shallow holes is naturally much less per

foot than the rate of charge for borings at a considerable

depth. The general cost of boring by hand or by lever may
be taken as follows :

—

First 30 feet

Second 30 ,,

Third 30 „
Pourth 30 „

Is. per foot.

2s.

3s.
, „

4s, ,f

And so on, adding Is. per foot for each additional 30 feet.

In very hard strata the cost of boring may be taken at 50 per cent, more than the

above prices.

The cost of boring by the ' Diamond ' machinery amounts to no less than 13s. Qd. per

foot for the first 100 feet, and for each additional 100 feet 7s. &d. per foot is addfed.

The 'Diamond' machinery, however, is capable in hard strata in a day of twelve hours

of boring a distance of 50 feet, whereas by hand boring, the average speed in similar

rocks cannot be taken at more than 10 feet per day. This refers to a depth of, say

200 feet, but in the ordinary system of boring with rods, whether by hand or

machinery, where the rods have to be disconnected and the debris has to be drawn

from great depths, an important element has to be considered. Whilst the weight of

the apparatus, consequent upon an increased depth, tends to augment the speed of

boring, the drawing, disconnecting, and connecting of great lengths of rods for the

purpose of clearing the hole, takes at a depth of about 250 feet really more time than
is occupied in the actual boring, and at great depths these processes absorb no less

than Jths of the total working time. This serious difficulty is obviated in two systems



us BORING
of boring:— 1st, tho mode supposod to have boon originated in China, of using ropes
lor working the boring tools, in place of rods. This system, wliieli lias been success-
liUly carried out in America and elsewhere in the boring for petroleum, as previously
described

;
but the principle has been most thoroughly adapted and re-arranged by

Messrs. Mather and Matt. 2nd, by tho invention of M. Fauvelle, by means of which
the boaten-up rock at the bottom of the borehole, instead of having to he drawn up
by rods or ropes, is continuously removed by a current of water forced down tho bore-
hole by moans of a pump placed at the top.
Tho foregoing brief rcforonco to certain modes of boring has been made for tho

purpose of drawing attention to the chief conditions upon which economical borin"
depends.

"

0/j the Ajyplication of Boring to the Sinking of Shafts.—Tho science of boring lias
recently been applied in a manner, the practical economy of which is of groat impor-
tance as bearing upon tho investment of capital in the sinking of coal-mines through
aqueous strata. M. Kind has within the past twelve years in Germany and Franco
put down a number of shafts, varying in diameter from 9 to U feet, a considerable
distance. These pits havo been sunk through strata yielding immense volumes of
water, and the whole process has been conducted under water. To enable such
shafts to be sunk down to their full depth hy shutting off the feeders of waters met
with, by means of tubing placed in the shaft, M. Chaudron, a Belgian engineer,
came to M. Kind's aid, and by the application of several simple, but ingenious con-
trivances, hereafter to bo described, has succeeded in fixing tho necessary tubing under
water, and in providing a perfectly efficient joint at tho base of the tubing, between
the water-bearing and the dry strata.

Of the future coal-fields of England, it is probable that nearly half of the remaining
deposit of coal will have to be obtained by sinkings through newer formations than
the coal-measures, where very large quantities of water will have to be encountered.
This indicates the importance to this country of some economical system of piercing

such strata.

The ordinary system of sinking through strata containing large quantities of water
has been to provide a large pumping plant, and to pump each feeder of water out as

met with, fixing on the rock forming the barrier for each feeder a firmly wedged iron

curb, and making it the base of the tubing which is built in segments, such segments

186

being generally about 4 feet long by 2 feet 9 inches high. Tho joints between

these segments are made secure by means of wooden sheeting wedged tightly.
_
Wliero

the feeders are large, several sets of pumps havo sometimes to be introduced into the

pit, and the workmen have almost continually to be working in water, and at a great

disadvantage. This difficulty, combined •n^t]^ the heavy cost of fuel, cost of buckets

and powder, the great liability of accidents to the pumping plant, the cost of fixing

the curbs and segmental tubing, and the risk entailed in the largo number of joints

in the tubing, constitute the chief disadvantages of tliis system of sinking pits through

watery strata.
. ^. ...

The Kind-Chaudron system may be briefly described by pointing out the various

processes adopted :— . i i i. i i

1st. Tho opening of tho mine is commenced by erecting the plant shown hy

Jigs. 180 and 187, which exhibit two sectional elevations of the surface arrangements
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•

.1 Tho eoneral plant consists of the boring machine, this being a cylinder

^oS ''i^::,Z:ZllTiT.^^t^Z::^n, ana r.i»ing th» b„ri„. tools, a-d

for raising tko dliHs made by *o bomg-
^ „„t,j .

2„J. When the stage = u, on ^h.ch the borers «^s ^ b
^

189

g^oooooooo oooooooo ggi

Tho ordinary speed of the boring when worked by the large trepan may be taken at

about 3 feet per day. It will be observed that the faces of the chisels incline to the centre

of the pit ; this tends to assist the passing of the debris made in the large boring into

the cavity formed by the small boring tool, whence it is extracted by the ordinary

scourer. This process is continued to the bottom of the aqueous strata, the small

borehole being kept about 60 feet in advance of the larger hole. Should broken tools

fall into the shaft, the instruments shown hyfigs. 190 and 191 are used, the former,

by means of internal teeth, clutches with ease broken bars, &c., having no shoulder,

and which cannot be taken hold of by means of the ordinary extractor. Fig. 191 is

the 'grapin,' used for the purpose of raising broken toeth or other small objects

which may have fallen to tho bottom of the shaft. This tool has one part sliding into

Vol. I. QQ
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tho other, and is lowered with the claws closed. An arrangement of light ropes
handled from tho surface enables the engineer to work this instrument.

3rd. Placing the Thibing.—Instead of being in small segments, the tubing is cast in
complete cylinders, about 5 feet high, \vith inside flanges at both top and bottom,
which are turned and faced. Tho tubing is suspended in the pit by rods, and is

lowered down as each new cylinder is added. When the bottom of the water-bearing
strata is reached, tho arrangement shown hyfig. 193 is adopted. A sliding '/;io»s-ioa:,

placed inside the base of the tubing, is allowed to rest on the rock floor made for the
reception of the tubing, at the point below which no feeders of consequence are ex-

pected. The full weight of the tubing resting on this box, causes the moss to protrude

at the back, and form a perfectly water-tight joint at tho base of tho tubing. To
render this joint more secure, a few foot of tubing in segments resting upon two strong

wedged curbs, are placed in the pit below the moss-box.

190 191 192 193

4th. The Semiring of the Bigidity of the Tubing—Tho tubing now, as it were,

stands in the pit, resting on the foundation aflTorded by the moss-box, but without any

lateral support. It is secured in its position by means of cement, wluch is dropped

down behind the iron tubing by means of a cement-box with a moveable piston, worked

by a rope from the surface, (See 192). .

5th The shaft having now been made secure, tho extraction of the water is pro-

ceeded with, and the pit is then ready to be sunk either by the ordinary method or

otherwise. , , ^ i •

The labour and time taken in the changing of the rods becomes so great at consi-

derable depths that the ordinary system of sinking has gonoraUy to be resorted to.

Boring in Coal—An important operation in coal-mines, where explorations have to

be made in the direction of old M^orkings, or goofs, which maybe holding large quanti-

ties of inflammable gas, or water, is horizontal boring. In this work only very light

rods are used, as the position of the hole makes tho strength of tho rods a quostiou of

secondary importance. Tlio important points to consider are the <i7\°f fJ^^°J?°
«

exactly parallel with the strata, and arranging sufficient holes to render ^t^rapossible

for the advancing ' heading ' to come suddenlyupon any old workings or narrow adits

In many cases water of immense pressure has to be borod against. The ordinary

mode of boring is sliown by fg. 194. Here the advancing head, a, may be assumed

to be 8 feet ^^do, and the^i-iinimum width of any old headings may be taken at 4

feet. Supposing the pressure anticipated is such that it is only nccessaiy to ascertain
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the solidity of a thickness of 12 feet of coal on each side of the advancing rod, it is

usual to boro three holes, one in the lino of the heading, and two flank holes, which

can either be driven from the corners, or as shown in tho sketch. The flank holes are

194

bored at such an angle as will enable them to detect, within a given distance, the pre-

sence of any old works which may be in advance of them. Thus it will be seen on

fig. 194, that the direction of the hole is such that no old head could exist without
being discovered by the borers.

Where no extraordinary pressure exists, it is usual for the centre holes to be bored
a distance of about 9 yards, after which the heading is advanced, say 3 yards farther,

by ordinary mining ; hence it will be seen that the use of the 'centre hole can be con-
tinued, while new flank or side holes have to be bored every few yards. The usual
size of the holes driven for proving old works is about 1^ inch diameter, and the cost

of boring varies from Qd. to 25. per yard, according to the length of the hole.

In some cases, where a heavy pressure of water has to be encountered, the rush of
water is so rapid, that it is impossible for the borers to stem its progress by means
of plugs.

In an important boring conducted under the superintendence of the writer, the
arrangement shown hy fig. 195 was adopted. Here the bore-rod nearest to the handle

195

is of turned stool, working through a stuffing-box, s, which is attached to a tube, the
end of the tube being wedged tightly into the borehole. Near the stuffing-box is a
short elbow, in which is a valve or cock. When the old workings are pricked, and
the water is reached, tho cock is closed to prevent the occurrence of any serious
consequences. About the centre of the tube a disc-bracket is placed, bearing against
two beams, one above, the other below the tube, the end of these beams being wedged
tightly into the sides of tho coal heading. Tho adoption of this mode not only ensures
safety, but conduces to the accuracy with M'hich tho hole is driven.

Norton's Patent Well Tubes.—A method of well sinking, patented by Mr. J. L,
Norton, of London, by which a supply of water can be obtained in a very short space
of time, provided tho geological conditions of tho part selected for the sinking are
favourable, deserves notice.

The arrangement consists of a wrought iron tube, about. 11 feet long and 14- to 3
G o 2
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inches diameter, terminated nt one end by a sharp steel point, and perforated with

numerous small holes for a disbmco of about 2 foot above the point. This tube is

driven into the ground by repeated blows from a ' monkey,' or heavy weight, which

slides freely on tho tube, falling on a shoulder clamped to the lower end of the tube.

Tho monkey is raised by ropes running over a pulley attached to a tripod, which at

tho same time preserves tho upright position of the tube. When the clamp reaches the

level of tho earth, it is unscrewed and rofixed higher up the tube, and tho driving is

continued as before, additional lengths of piping being added as required. As soon

as it is found, by plumbing the tube, that water has been reached, a cleansing

pump is screwed to the top of the tube, which brings up tho sand and loose earth

from the bottom of the tube and immediately around the end of the same, forming a

reservoir for tho water. Where the water has to bo drawn from a sandy soil, a filter

is attiiched to tho perforated end of tho well-tube, which prevents even tho finest

sand from being pumped \ip with the water.

It will be seen at once that this method of obtaining water is not adapted ior a

rocky country ; but for purposes where the water is to be obtained within a compara-

tively short distance from the surface, and where the strata to be passed through are

not of a very hard nature, these wells are very useful, especially as they can bo sunk

in licht soils at the rate of 10 to 12 inches per minute. The quantity of water they

can supply must depend upon the yield of the stratum to which they are sunk, but

wells of this kind have been known to give a quantity of upwards of 800 gallons per

™The°greatest depth at which these wells have been used is 120 feet,

Villepique Perforator,—This apparatus consists of two principal parts, namely, a

standard or column, and a driving screw with its accessories. The column is formed

of stout steel tube, fitted at its lower extremity with a twin claw working on a rocking

ioint, and at the upper end with a nut fixed inside, in which a screw works, which screw

is terminated by a steel point. On this steel tube is a metal clip coUar, free to slide

from one end to the other, or to revolve around it. This collar can be clamped at

anv required point. To this collar is attached a malleable iron box, enclosing the

mechanism for giving an automatic feed to tho screw, and for carrjang the d^T^ng or

main screw. The weight of the whole apparatus is from 50 to 60 lbs. The time

required for fixing the perforator in its place is about one minute. The steel augers

are mechanically twisted, and have cutting ends to suit the material to be acted on

The following figures are taken from a valuable paper m the 'Transactions of tho

North of England Institute of Mining and Mechanical Engineers, vol. xx.

NaUire of Material

Dia-
meter of

Hole

Cleveland ironstone

Tough ' Blue Bind

'

Silkstone coal
_

Strong stone bind

Coal and stone

Grey shale band

Iron baU in shale

Shale and sandstone

Magnesian limestone

Hard sandstone .

If

1^

it

H

Depth Bored

inches

18 and 25

19-J-

21

22

34
Uh
6

n
18

Time
Eate per
Minute

min.

2 and 7

4 Inches

min. sec. 4-87

2 18

6 30 3i
4 15 8

1 10 III

1 40 3i
1 20 9^

6 n
29-
5

Ford's Borer -A boring machine was invented by Mr. E. G.
'^^f^.f ^^^^^'"^^^

ViSa! fSthe year .iWndP—m^tiv^elow^^^^^^^^^
motion of the tool is reciprocating, ^^^.^ T constantly exerted

applied at a pressure of 60 lbs.
lemittin-ly on tlie whole area

on a small annular space in front of the °' ^^^^l^J'^ the pressure fluid,

of the back of the piston. Tho ports for the alt°r°ate ato
^
P
^^^^ ^^^^

and for the exhaust, are oP^^^^^^^f,,f^^^ 3 Jo al?;^^^^^^ tliat the piston cannot

The air ports and tho movement of the valve are so arrange

strike the front and back of the cylinder.
„iston-rod, working a ratchet and

The rotation of the boring tool is ^^^«^dj)y the
p^g^^

ro

paul round a cylinder attached to the front of
^'"^^'g^s a comploto revolution

Liprocates. it carries itself around he
^f/j^^X, bS-es a round hole. The feed

every twenty-one blows, by which moans tho macmno uor
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« Rfllf-advancing, and solf-adjustablo, cffoctcd by the wlung cylinder being provided

«nth au exterior cylinder, in Tvliich it can slide. Tlio motive pressure is constantly

r«n^in£r to propel the working cylinder forward, but is retained by a screw, which is

T,revented from turning by a paul, which the piston strikes when it makes a full

Itrnto thus releasing the screw, and permitting the working cylinder to advance for-

^rd as the hole increases in depth. The weight of blow which can be struck by this

machine is 500 lbs.; number of blows per minute 20 to 600.
_ . ,

The inventor claimed the construction of rock boring machines, in whicli the piston

of the main cylinder distributes andexliausts the motive fluid to and from other cylin-

ders at distinct portions of the stroke. For further particulars and illustration, see

Specification No. 2,387, A.D. 1869.
, ^ , tdtt . i

Ben/Strom's Borer.—This machine, used at the Persoberg Mines, near Plulipstad,

in Sweden, is a modification of that constructed by Schumann, of Preiberg. The

machine consists of a cyUnder 4^ inches diameter, and a balanced slide valve, llie

movement of the piston and valve is automatic, the advance of the apparatus is

effected by the hand. The length of stroke is 7 inches, cubic inches of air or steam

required per stroke 200, or strokes per cubic foot. Speed from 200 to
^
350 blows

Tjer minute. Pressure required to drive borer, 15 to 20 lbs. per square inch.
_

Weight of machine, 122 lbs. Por additional particulars and illustrations, seo

paper by C. Le Neve Poster, Miners' Association of Cornwall and Devonshire, 1867.

Sack's Borer.—The lightness, suitability, and economical working of this drill, have

induced Prussian engineers to use it somewhat extensively, both in metalliferous

mines and collieries. Fig. 196 illustrates an arrangement of the drill and stand,

employed both in shaft and -winze

sinking. The cylinder is 2h inches

diameter, borer rod l|ths inch di-

ameter, back rod 1 inch diameter.

valve rod fths inch diameter, The

valve is a simple plate ; one face

being on the portways leading to

and from the cylinder, the other

retained by a plate carrying the

valve arbor. The top of the back

rod carries a ring, to which_ is

attached a small rod for rocking

the valve-shaft. To this valve-

shaft is also attached a horizontal

rod, which carries two pauls, one

for turning the borer, the other for

advancing the cylinder through

the medium of a nut travelling on

the screw side bar. At a pressure

of 25 lbs. per square inch, the borer

makes 400 strokes per minute, the

length of stroke being 5 inches.

The blow pressure is 116 lbs.,

return pressure 72 lbs. About 45

cubic inches of air or steam are

required per stroke, or 38 strokes

per cubic foot. The area of steam

portway is ^ths of a square inch.

The rate of boring per minute in

basalt is 3 inches, coal sandstone

3 inches, quartz grauwacke 2 inches,

carbonate of iron inch. One
borer requires about one horse-

power to drive it.

Bocrivg's Borer.—This machine is worked by compressed air or steam, at a pres-

sure of about 35 lbs. per square inch. The pressure fluid acts alternately on the front

and back of the main piston. The valve for the admission of compressed air, and for

the exhaust, is worked by two chambers in the rnain piston, one of these chambers
being always in communication with the main inlet of compressed air, the other

chamber in communication vnth the outer atmosphere. The valve has a separate

piston to work it; on the smaller side of the piston a constant pressure of air is main-
tained, a passage connects the other end of the cylinder, in which tlie valve-piston
works, with a certain point of tho main cylinder. The chamber with comprossod air



454

passing ovor this port causes a prossuro on tho larger area of the valve-piston, which
overcomes the constant pressure on tho smaller area, and reverses tho valve so as to
admit compressed air to tho opposite end of tho main piston. Eolation of tho borer
is effected by means of a Uviat bar and ratchet-wheel, tho feed or advance is automatic.
This machine was employed at Tincroft, and bored 277 holes from the 9th to tho 30th
of January 1868, or at the rate of 13 holes per 20 hours. In coal sandstone, at 270
strokes per minute, tho rate of boring was Ipths inch per minute. See Specifications

of Patents, November 9, 1866, No. 2,922; January 7, 1867, No. 43 ; June 10, 1867,
No. 1,704.

Osterkamp's Borer.—About four years ago, the machine engineer, Osterkamp of

Eschweiler, near Aix-la-Chapelle, Prussia, contrived a light-boring machine, with a
steam or air-moved valve. He also added a portable stand, with tho object of dis-

pensing with tho columnar apparatus used in connection with Sach's Borer. Tho
workmen lield and directed tho machine and also advanced the tool for deepening

the hole.

Tho weight of a cylinder, having a piston-rod 2y*'gths and piston 3 inches diameter,

was 50 lbs. "Weight of supporting stand, from 40 to 66 lbs.

This machine bored a hole in coal sandstone 1 ^ inch diameter, ^ths of an inch deep,

in a minute ; and in tho same time a second hole J inch diameter, 1^ to I'i inch. The
speed of the machine at 30 lbs. pressiire is about 210 strokes per minute. Length
of stroke, 6 inches. Cubic inches of steam or air required per stroke, 40 or 43 strokes

per cubic foot. Pressure for blow 135 lbs., for returning piston 75 lbs. For par-

ticulars and illustration of Borer, see Specification, No. 1,466, a.d. 1870.

The McKean Eock-drill.—This rock-drill is worked either by steam or compressed

air, and can bo adjusted to any required position, so that holes may be drilled at any

197

angle, tho machine working with equal facility in every direction. Tlie valve is

adapted to deliver from 400 to 1,000 blows per minute, while the stroke of the piston

and fall of the cutter bar is only 2\ inches or 3 inches ; the shock to the cutter bar and

piston when striking the rock is cushioned by the steam or air in the cylinder.

The cylinder, valve-chest, and frame for carrying the guides and bearings for the

piston, valve-rods and other parts of the machine are cast in one piece. The per-

cussion cylinder is marked a and the valve-chest b ; the valve seating is formed of a

small cyUnder c placed within tho valve-chest—situate on one side of the cylinder a.

The valve d is cylindrical, its axis is paraUel to that of the piston-rod, and on one

side there is formed a projecting curved face d', forming the working part of thovalvo

which alternately covers and uncovers tho admission ports e e, that extend the whole

length of the valve-chest c. The exhaust port is formed between the admission ports,

and opens into tho centre of the cylindrical valve.
, . . , •

i,

The oscillating movement required for actuating the valve is given by the spincllo

t,hrough the key and the groove. At the bottom of the valve a shoulder d* ;s _also

formed, fitting tightly in the cylinder. By this means the escape of steam or air is

prevented, and sWcient friction is produced to avoid any excessive motion of tho

Sve from the action of the tappets which actuate the spindle. These tappets are

shown at I V, where it wll bo seen that they are attached to a sleeve fastened upon

l e valve sp ndle, and at such an angle on each side of the centre line passing through

valve sp ndle and piston-rod, thtt they may be struck by the en arged portums of

- The piston /is formed of steel, in one piece with the piston-rod

Idcr q\ Grooves are formed in the piston, as shown at/
,
totho latter A' k'^.

g"^, and tho tool holderOf', and t ie tool iioiucrfl-. wruuvca cv^u aw^.-x^v. ...
V . • -f „ ,1;

'
„f„-

receive metallic piston-rings. The rod in advance of the
P;.f" ,\f

4"™
larger than that at tho rear, in order that sufficient strength may be obtained for
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oam-inK the cutting bar. The piston-rod g"^ passes tlirougli a stuffing box in tlio

cylinder and takes a bearing at the end of the frame of the drill as shown at i
;
and

as the rod on the front side of the piston also passes through a stuffing box, the chief

mo^-ing part of the machine is supported at three places in its length. Upon the

piston-rod g- an enlargement, h\ k\ X-', is made with two conical faces
; the valve

tappets I V are in contact with these faces, and the reciprocating motion or the piston-

rod imparts to them the necessary motion for actuating the valve. The angle of the

tappets can be adjusted at will to regidate the distribution of the steam or air.

Between the sloping or conical surfaces of the enlargement of the piston-rod there is a

straight length in which are cut ratchet-teeth in an oblique direction around the

surface; these teeth come in contact %vith a grooved bar m, the grooves m' being cut

to correspond with the teeth in Jc^. In the frame of the drill is foi-med a recess, in

which a spring iii^ is placed, the centre of the spring pressing against the back of the

grooved plate m. At the fonvard stroke of the piston, the enlargement A' pressing

against m depresses it, forcing it into the recess ; but at the return stroke, the teeth of

/fc" engaging in the grooves of m, give it a rotating movement to the piston-rod,

piston, and cutter bar, so that a slow and constant turning of the cutter is effi3cted.

The amount of rotary motion imparted during each stroke is about one-sixteenth of a

revolution.

The automatic feed arrangement for keeping the end of the cutter in contact with

the rock consists of a double threaded screw, with a key way in it, as shown, extending

from end to end of the machine, the rear bearing being formed by a bracket. On the

outside of the cylinder a, two stops are cast, and between these stops is placed a

nut n', wliich is prevented from turning by being made with a flat side bearing

against the outside of the cylinder a. Through this nut the screw n passes
;
fitting

into the ratchet jp' is a second ratchet q, with an arm g' that is attached to the tappets

I V, which gives a reciprocating motion to the ratchet g, and a constant revolving

motion to the sleeve f ; the key in which drives the screw, which turns the nut Ji'

and with it the whole drill, whilst the screw n travels freely through the sleeve
f.

By this means a constant and regular feed is obtained. The end of the screw at o' is,

however, made square for the reception of a lever, by which the automatic feed can

be replaced by a hand movement. The cutter bar is made adjustable by means of a

screw thread and nut, the face of the nut against the key being grooved, so that when
it is screwed up tight and the key driven in, there is no possibility of the key shaking

loose and the cutter becoming unfastened.

The machine of the size ordinarily used for quarry work or open cutting weighs
about 150 lbs. A smaller, and for many purposes a still more convenient form is

manufactured, which can be handled by one man.
With a steam pressiu-e of 75 lbs. to the inch, it will drill as a maximum, a 2|-inch

hole to a depth of 10 inches per minute in Aberdeen granite ; but tlie average duty may
bo estimated at from 6 inches to 9 inches per minute, and the number of strokes from
500 to 1,000.

For sinking shafts the machine is mounted on a column placed crosswise in the
shaft, and fixed rigidly by the telescopic and screw adjustment above mentioned, from
which column any reqiured direction may be readily given to the boring tool, or the
drill may be mounted upon adjustable stand or frame, as is designed for quarry and
open work.
For driving tunnels where one or more machines may bo worked against the face,

the machines are mounted upon moveable and adjustable columns, supported upon a
carriage moved upon rails.

In reference to this drill Sir George William Denys states as follows :

—

(1) Weight of machine without stand, large size \\ cwt., small do. 1 cwt. (2)
Length of drill 38 inches. (3) Diameter of piston 5 inches, length of stroke 2 to 4
inches. (4) Strokes per minute, 500 to \S>^^ ad libitum. (6) Pressure required 25
to 75, average 50 lbs. (6) Advance of drill, automatic or by hand ; but where only
one machine is working the hand is preferable, for it obliges the miner to pay
attention and see that the drill advances regularly. (7) The nature of the stone
varies; we havo lime, chert, and grits of every degree of hardness. (8) Diameter of
water-wheel 38 feet or 28 feet would havo done as well ; bucket 4 feet wide ; breadth
of water trough 2 feet

;
depth of water varies -with the supply from 3 to 8 inches.

(9) Conipression wet, a half-inch pipe carries the water up the level, and squirts the
water with great force into the holes, and keeps them quite clean. (10) Dimensions
of level 6 feet high clear of the rails, and about 5 feet wide. (11) The air-pipes are
2 inches in diameter, but I think 1 inch would suffice. (12) The level forehead is now
nearly 400 fathoms from the compressor ; the ventilation excellent, the air boin"' as
good inside the mine as out.

"

Some special measurements and particulars of this drill are as follow :—Diameter
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of cylinder 4 inches, piston-rod 21 inches, diameter of back rod l^ths inch, area for
blow 10 square inches, for return"7fgtlis square inches, pressure for blow at 60 lbs. per
square inch 600 lbs., and for return of piston 380 ll)s. Stroke of slide-valve i to ^
inch, opening of steam port ^n-th to \ inch, length of steam port 6 inclies, area of steam
port 1^ inch, diameter of steam-pipe 11 inch, stroke of piston-rod 2 to 4 inches.
Turning motion one revolution to sixteen blows. The consumption of steam and air
for a 4-inch stroke including portway clearances is about 90 cubic inches, or 19 strokes
per cubic foot. See Specifications of Patents, No. 1,104, April 14, 1870, and No. 3,131,
Nov. 20, 1870.

77ie Biirleigh Drill in its general arrangements does not diflfer essentially from
some of those which have been described. It has been used in several mines and
quarries in this country, and rather extensively in America. See Specification and
Illustration of Drill, No. 3,065, a.d. 1866.
The main elements of this drill are the cage, the cylinder, and the piston. The

cage is merely a trough, with ways on either side in which the cylinder, by means of
a feed-screw and an automatic feed-lever, is moved forward as the drill cuts away
the rock.

The piston moves backwards and forwards in the cylinder, and is propelled and
operated on substantially like the piston of an ordinary steam-engine. The drill

point is attached to the end of the piston-rod, which is a solid bar of steel.

The forward motion of the cylinder in the trough is regulated by an automatic feed,

as the rock is cut away.
It is driven by steam or compressed air as a motive power, and with a pressure of

60 lbs. to the inch, strikes from 200 to 300 blows per minute, according to the size

of the machine.

The valve used to control the entrance into and egress from the c}dinder of the

impelling medium is the ordinary D or locomotive slide-valve, which is operated by a

valve-rod attached to a pivoted piece made sufficiently heavy to possess considerable

momentum when put in motion.

The body of the machine is made in one casting, and constitutes the steam or air

cylinder and covers and protects most of the feeding and turning mechanism. This

body has two vnngs forming part of a support or carriage, so that the drilling machine

may be presented to its work in any direction and at any angle.

The cylinder a has its front end closed by a head c. into which a long stuffing box

d is screwed.

To prevent any injurious variation between the amount of the feed and the pene-

tration of the drill, mechanism is introduced which automatically preserves a practical

uniformity of feed and penetration. When the feed of the cylinder is in excess of

the penetration of the drill, in which case the tappet r does not in the forward stroke

of the piston reach and displace the paul—and consequently no feed takes place until

the penetration of the drill equals the previous feed or advance of the cylinder. As

it may occur when a feed of the cylinder takes place, that the piston on its back

stroke might possibly come in contact with the back cylinder head g, a rubber

cushion c' is placed against the rear-head w, to act as an elastic cushion to check the

back stroke of the piston by impact of the tappet on the piston-rod with the pro-

tecting plate facing the cushion.
_

There are several forms of carriages for mounting drills for tunnel work. That

used for the Burleigh drills consists of a trolly on four wheels, with a moveable support,

which is actuated horizontally across the trolly and the face of the drift by means of

a screw. The hollow bar or stretcher which fixes the carriage when it is in position

for work, is held by a moveable support, and fixes itself by means of a screw at the

bottom. To this hollow shaft or upright stretcher the drill is attached by a clamp

;

the drill is raised or lowered by means of a lever, having for its fulcrum a pm in

either of tho holes in the two bars of iron attached to the moveable support at their

bottom ends, and to the hollow shaft at the top ends. When the drill is tfod in

position, these bars are allowed to fall back by tho removal of the pin at the top

which connects them to the hollow shaft.

It is designed to be worked by one man, and may run on rails laid lor tne pur-

^°The compressed air for these machines has been carried through 7-150 feet of an

8-inch iron pipe ; and the average difference in pressure at the compressors and the

heading of the tunnel, with an average of six drills m operation, was but i lbs. to the

^""^a-soVs Drill.-This drill, the invention of an American, is entirely automatic in

its movements, that is, the borer is turned by a t^^ist bar
'^''f

'

and Darlington's Eorer, patontod in 1866, while the advance of tho tool and movement
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of the vnlvo aro effected by tappet gear, struck by the head of the piston. In connection

S this drm, the following particulars have been obtained :-Diameter of cyhnder

J? inciies diameter of piston-rod 2 inches, dimensions of valve _port^^^ay 1 1" x

LlnS of cylinder in the clear 22 inches, "with attachments 39 inches Pressure of

steam required to drire the drill, 45 lbs. per square inch. Length of stroke 6 inches,

speed of boring bar 280 strokes per minute, consumption of steam or air, forward

sS 81, backward 64, or together 145 cubicinches. Pressure for blow 373 lbs., for

Srn 231 lbs. Time required to bore U inch hole 1 inch deep in Cornish gramte,

30 seconds. Strokes reqidred to bore 1 inch deep, 140. Cubic feet of steam or air

consumed per inch of hole in granite, 11 ^ths. Advance of machine on screw without

'^Wtho^fsSklVe"^^^^^^^^ NT^?r«^?"^o'nnT.''?
to make one revolution of tool 10. For illustration, see Specification No. 2,008, a. d.

Pmver Jumper.—This machine, the joint invention of Brydon, Davidson and

Warrington, consists externally of a long cylinder and valve. The valve and turmng

gear are axitomatic ; the advance of the tool is performed by hand. Tho pressure ot

fteam required to work the drill is from 40 to 50 lbs. per square inch, the number ot

strokes from 300 to 400 per minute. See Specifications No. 3,^07 and 6,\)Zl, A. d.

1872
Darlington's Sorer, Fig. 198.—The inventor, Mr. Darlington, obtains recipro-

catory motion in rock-boring macliinery without the intervention of a valve or

valvidar gear. In one modification a cylinder and motive piston are employed. iHe

cyUnder itself has an ordinary inlet portway, a long induction passage, and an

outlet portway. Tho depth and length of the motive piston is proportioned to the

position of the several portways, so that the induction and exhaust portways are

alternately uncovered by the body of the piston which thus distributes the air or

steam. The elastic fluid exerts its force continually against the smaller surface oi

the piston referred to. This piston, in moving in one direction, first covers the exhaust,

then uncovers the induction portway and permits the air or steam to exert its force on

the opposite side of the piston, which has a superior area to that on which the

pressure is constant. In the return movement which follows, the induction portway

is first covered, and immediately afterwards tho exhaust is uncovered, releasing tho

superior area of the piston from the pressure, and allowing the constant pressure on

the small area to effect the opposite stroke.
^ ^ n •

t

In a second modification, which gives a like action, instead of keeping the fluid

pressure continually against the smaller surface of the motive distributing piston,

the pressure is alternately admitted to and exhausted from both sides of the piston.

To effect tliis, the piston is made of sufficient length to admit of a groove being

turned in it of such a length as to always be in communication with the_ pressiiro

portway formed about the centre of the length of the cylinder. Two induction

passages and two exhaust portways are also formed in the cylinder. The motive

piston, in its passage across these said portways, admitting the pressure to one

induction portway, communicating -with one end of the cylinder, at the same time as

it uncovers one exhaust portway and releases tho pressure from the opposite end of

the cylinder.

Beyond these two modifications of one and the same invention, two other modes_ of

distributing the steam or air have been devised. The objects gained by the foregoing

method of obtaining reciprocatory motion for rock-boring and coal-cutting machines

are—(1) There is only one working part used in obtaining tho motion of the

piston, with its rod attached, both being in one solid piece, without any loose or

attached part to be destroyed by the effect of rapid reciprocation and percussion. (2)

Being enabled to use large portways and passages, wliich are opened and closed

quickly, without having any reference to or being dependent on the movement of a

valve, greater rapidity of motion and efficiency of blow are given. (3) Control of

speed, weight of blow, and length of stroke given by the machine, and great limit of

variation in the range of stroke, total freedom from_ stoppages due to displacement of

valves, as by this arrangement while the pressure is on the piston can never^ be in

equilibrium, but must start at any part of the stroke. (4) Economy in working, as

there is no clearance s^ace to be filled with pressure and exhausted to waste at every

stroke, the pressure being worked expansively to anj' degree required. The following

aro the dimensions of a machine designed to work m ordinary mine levels. Weight
of cylinder and piston-rod without frame, 70 lbs

;
length of cylinder over all 14 inches,

• diameter of cylnider 8^ inches, speed 1,000 blows per minute, length of stroke from

1^ to 3 inches, cubic inches of air or steam per stroke 34, number of strokes per cubic

foot of steam or air 50, weiglit of blow exclusive of effect duo to tho weight aad
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momontum of tho tool at 30 lbs. prossuro por square inch 150 lbs. In this macliine
tne movoments arc automatic, and completely free from strikini? £?oar. For drawinss
see Specification No. 1,734:, a. d. 1873.

In machine- or hand-boring it is of great importance to employ suitable steel,
properly sharpened.

For tough slate of variable hardness tho cast steel should be of the very best quality.
I'or hard brittle siliceous rock, steel of slightly inferior brand wll afford good
-working results. Tho pointing of steel is a matter of great moment, overheating,
or a -white heat, must be avoided. The borer point should be formed with a
hammer, -well beaten from rod to a black heat ; a file, or grinding instrument, ought
npvor to bo used. Tho temper should bo established at a dull red heat, tho point, if
dipped in oil or grease, is said to be toughened, as well as hardened. Tho hardest
temper is indicated by a light straw colour, tho softest by blue. The best working

198

temper is considered by some smiths to be just past straw, scarcely rod purple ; tho

tool at this colour to be instantly cooled in water.

The proper cutting angle of borers is a subject on which there is a great diversity

of opinion, which probably arises from tho circumstance that rocks differ even in one

and tho same mine, and will differ more widely in mines far distant from each other,

and also from tho fact that smiths do not readily change their practice. But it is

self-evident that for soft argillaceous stone the point may be comparatively thin and

flat, and that for flinty tough rock it should bo well supported by lowneps of angle.

In machine-drilling, borer points do much more service than in hand-boring. In the

former this is due to the uniform conditions of the blow. In tlio latter the blow is

frequently an upset one, its effect being expended mostly on one side of the point.

In hand-boring the chisel is almost invariably employed ; but with boring machines the

•crown,' and Z or 'set' point is used ; the crown for starting a hole, and both tho

crown and Z for boring in cavernous ground. Tho Cornish minor is in favour of

striking the borer both lightly and quickly. A single handed mallet or hammer

weighs 4-5 lbs., a double handed one from 6-8 lbs. Each man gives about 20 blows

per minute; the size of steel employed is from 3 to l|tli inch diameter, and

^hon sharpened will present points fully one quarter of an inch wider
:
that is, a
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boring bar |-inch diameter, -when sharpened, will cut a hole 1 inch to 1 Jth inch

^
j^^s°^199, 200, 201 show chisel-point borers; fig. 202 a crown borer; and fig. 203

*
The rate of hand-boring must necessarily depend on the workman, quality of steel,

and hardness of rock, also on other minor circumstances. In a shaft 9 x 5^ feet

nine men sunk 15 feet in a period of 26 days of twenty-four hoiirs per day. The

average number of holes ij inch diameter bored per shift of eight hours was 3,

average depth of each hole 2 feet. During the run of 78 shifts the aggregate depth

of the various holes was 468 feet ; total cost of removing the ground, 77/. The

average weight of rock removed per blast was 3^ cwts. In another shaft the rate of

boring per minute, one man striking, was -17 inch, two men striking -25 inch. The

number of blows required for a hole 30 inches deep was 4,500, number of borers

blunted 7 ;
depth bored per borer 4 J inches. In machine-boring the progress varies

chiefly with the rapidity of the blow and toughness of the rock, or from J to 6 inches

per minute.

The boring machines employed in underground work are best driven by compressed

201 202 203

air. The air-pumps should be well constructed ; and the pistons or rams worked in
connection with water, with the double object of keeping down the temperature of the
air, and expelling into the receiver a volume equal to the cubic contents of the air-
pump stroke. Jordan's compressor is a cheap and well-contrived apparatus. Low has
also devised an efficient pump ; while Ford of Melbourne, and Ingstrom of Sweden,
have produced simple and effective pumps worked in combination with ordinary pump
rods.

In order to obtain the full effect of boring machines, the stuff must be removed
rapidly after each blast. This object can only be accomplished by emplojnng pneu-
matic tackles in connection with underground sinks, and having good forwarding ways.
The advantages of using machine-borers in mining operations are—(1) Decided
economy of time and money

; (2) Diminution of the number of skilled miners, who
can be advantageously employed in other parts of the mine

; (3) Excellent venti-
lation of shafts, sinks, and levels; (4) Possibility of mnldng the roof, floor, and
sides of a level more regular than can be effected by hand-boring; (5) Eate of
driving levels or sinking shafts two to four times greater than is practicable by hand-
boring.

BORN'ITi'E. See Tetbadymite, or Teixuric Bismuth.
BOXtirZTE. Purple copper ore or Bunt Kupfererz. See Copper.
It is to be regretted that names so similar as Bomine and Bomitc, both compli-

montary to Von Born, should have been bestowed upon widely different minerals.
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BOROCAI.CITE. A borate of limo. Soo EoiiAcic Acid.
BORON. Ono of tho noii-motollic elements ; it exists in nature in the form of

boracic acid, and as borax, tincil, boracite, borocalcito, &c.
Ilomborg is said to have obt;iined boron from borax in 1702; if so, his discovery

appears to have boon forgotten, since it -was unknown, except hypothetically, to tho
more modern chemists until, in 1808, it was obtained by Gay-Lussac and Thdnard,
and by Davy in 1808, who decomposed boracic acid into boron and oxygen.

Boron is best obtained from tho double fluoride of boron and potassium (BF^.KF),
which is prepared by saturating hydrofluoric acid -wdth boracic acid, and then gradually
adding flxioride of potassium. Tho difficultly soluble double compound thus produced
is collected and dried at a temperature nearly approaching to redness. This compound
is then powdered and introduced into an iron tube closed at ono end, together witli

an equal weight of potassium, whereupon heat is applied sufficient to melt the Latter,

and tho mixture of the two substances is effected by stirring with an iron wire. Upon
the mass being exposed to a rod heat, the potassium abstracts the fluorine. Tho
fluoride of potassium may afterwards bo removed by heating the mass with a solution

of chloride of ammonium, which converts tho free potassa into chloride of potassium,

and thus prevents tho oxidation of tho boron, which takes place in tho presence of

potash ; the chloride of ammonium adhering to tho boron may be afterwards

removed by treatment with alcohol. Boron thus prepared is a dark greenish-brown

powder, tasteless, and inodorous ; its atomic weight is 11 'O.

MM. "Wohler and Deville have, by fusing boracic acid, or amorphous boron, with
aluminium, succeeded in obtaining boron in the crystallised state. Tho form of tho

boron crystals tlius obtained has been the subject of a remarkable enquiry by M.
Quintino Sella. They are octahedra, belonging to the pyramidal or square prismatic

system. They refract light powerfully, have a specific gravity of 2'68, and seem to

be almost as hard as diamond. From the close resemblance of this form of boron to

tho diamond, it is generally known as Adamantine or Diamond Boron.

Accompanying this octahedral boron , as it crystallises from its solution in

aluminium, are certain copper-coloured six-sided scales, strongly resembling graphite,

and hence called graphitoidal boron. It has been lately shown, however, that this

substance, instead of being an allotropic form of boron, is really a definite compound

of boron and aluminium. See Boeacic Acid.

BORONATROCAXCZTE. A synonym of Ulcxite. See Boeacic Acid.

BOSJTEMAiriTE. A name given to Manganese Alum. See Alum, Native.

BOTAIiXaACXXTB. An oxychlorido of copper found at Botallack Mine, in St.

Just, Cornwall.

BOTTIiB MAirUFACTTrRE. See Glass and Stone Waee.
BOirGXE. A smooth, flexible, elastic, slender cylinder, introduced^ into the

urethra, rectum, or oesophagus, for opening or dilating it, in cases of stricture and

other diseases. The invention of this instrument is claimed by Aldereto, a Portuguese

physician ; but its form and uses were first described by his pupil Amatus, in tho

year 1564. Some are solid and some hollow, some corrosive and some moUifj-ing.

They owed their elasticity, as formerly made, to linseed oil, inspissated by long boiling,

and rendered dry by litharge. This viscid matter was spread upon a very fine

cord or tubular web of cotton, flax, or siUc, which was rolled upon a slab, when it

became nearly solid by drying, and was finally polished.

Pickel, a French professor of medicine, published the following recipe for the com-

position of bougies :—Take 3 parts of boiled linseed oil, 1 part of amber, and 1 of oil

of turpentine ; melt and mix these ingredients well together, and spread the com-

pound at 3 successive intervals upon a silk cord or web. Place tho pieces so

coated in a stove heated to 160° F. ; leave them in it for 12 hours, adding 15 or 16

fresh layers in succession, till the instruments have acquired tho proper size. Polish

them first with pumice-stone, and finally smooth with tripoU and oil. This process

is the one still employed in Paris, with some slight modifications ;
the chief ot which

is dissolving in the oil one-twentieth of its weight of caoutchouc, to render the sub-

stance more solid. For tliis purpose tho caoutchouc must be cut into slender shreds,

and added gradually to the hot oil. The silk tissue must be fine and open, to admit

of tho composition entering freely among its filaments. Every successive layer

oueht to be dried in a stove, and then in tho open air, before another is apphed I his

process takes 2 months for its completion, in forming the best bougies called by dis-

tinction elastic bougies ; which ought to bear t^visting round the finger without crack-

ing or scaling, ancl extension without giving way, but retracting S?;
J^^™

the bougies are to bo hollow, a mandrel of iron wire, properly bent, yi^h a r ng at ono

end. is introduced into the axis of tho silk tissue. Some bougies are made >n h a

hollow axis of tinfoil rolled into a slender tube. Bougies are now tiB"a
Jy

jnaje en irely

of caoutchouc, by tho intervention of a solution of this substance in sulphuric ether, s
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,fflninnHv chearo in France, on account of the low duty upon alcohol, or of

^°Tfl?rT^ arS^ ^ougieJ. the composition of which belongs to Surgical

aphtha There
^j^^^^ instruments of various kinds forms a separate

^^"'SonBiderS branch of industry at Paris. Very superior bouses are now

i brSe sur|»^^^^^
^"'^ caoutchouc, in this

country. „ laminated clays of the Pleistocene epoch, which

ZS^^re^Z-J^BfZe^cla, of geo/ogists-so called from the bouldera

^''iC^^^Srsr^'S''2~;en by the Sheffield cutlers to the smooth
'

fl-n^^^bbks ^^fh which they smooth down the faces of buff and wooden wheels.

^tl^^oixTi. A sulphide of antimony, lead, and copper According to

T^^mSXg su^ht^ 19-77. antimony 24-34. lead 42-88, copper 13-06_. It, is found

S^Tevetl pSHf Cornwali and Devonshire, and in many of the mining districts of

^ BOVET COAI.. A lignite found in large deposits at Bovey-Tracey, in Devon-

PBI^:' T£a.ln" prThe parts which hold the ink is formed of two

the Sanscviera Zeylanioa. See

^To^ WOOD. (Buis, Fr.; Buchsbaim, Ger.) Bums sempervirens -'Tyro

varieties of box wood are imported into this country. The Eiiropean is brought from

leSrn Portugal, &c., and the Turkey box wood from Constentinople. Smyrna

Lfthe Black sla.' EngUsh box wood grows plentifully at Box Hill m Surrey and

in Gloucestershire. The English box wood is used for common turnery, and_ is

Seforred by brass finishers for their lathe-chucks, as it is tougher than the foreign

box, and bears rougher usage. It is of very slow growth, as m the space of 2o years it

S only attain a diameter of 1^ to 2 inches. Boxwood is used for making clarionets

and flutes, carpenters' rules, and drawing scales, and is exclusively employed by the

wood engraver. Its sawdust is used for cleaning jewellery. See Engeaving on

^BRACES. (Brdelles, Fr, ;
Hosentrdger, Ger.) Narrow fillets or bands of leather

or textile fabrics, which pass over the shoulders, and are attached behind and before

to the waistbands of trousers, for supporting their weight. Braces are now made of

an elastic material, into the structure of which Indian-rubber fibre enters.

BRABMXia"S BEADS. The seeds of a species of ElcBocarpus, which are cappeo

with silver and made into necklaces and bracelets.

BRAID. A plaited, twisted or woven trimming.

BBAIDXIO-G IVXACHInrS. {Machine a lacets, Fr. ; Bortenwerherstuhl, Qi&c.)

This being employed, not only to manufacture stay-laces, braid, and upholsterers' cord,

but to cover the threads of caoutchouc for weaving brace-bands, deserves a description

in this work. Three threads at least are required to make such a knitted lace, but 1,1,

13, or 17, and even 29 threads are often employed, the first three numbers being

204

preferred. They are made by means of a frame of a very ingenious construction,

which moves by a continuous rotation. "Wo shall describe a frame with 13 threads,

from which the structure of the others may bo readily conceived. The basis of tho
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nmcbno consists of foiu- strong wooden uprights, iLyfigs. 204, 206, 206, occupying the
loiu- angloH of a rectangle, of whicli one side is 14 inches long, the other side 18 inches,
and the height of the rect^inglo about 40 inches. Fig. 204 is a section in a horizontal
plane, passing through tlio line a b of fig. 205, which is a vertical section in a plane
passing through the centre of the machine c, according to the lino c d, fig. 204, Tho
side X is_supposed to be tho front of the frame ; and the opposite side, y, the back.
B, SIX spindles or skewers, numbered from 1 to 6, placed in a vertical position upon
tho circumloronco of a circle whose centre coincides with that of the machine at the

point c. Those six spindles are composed—1, Of so many iron
206 shafts or axes d, supported in brass collets e {fig. 206), and ex-

tended downwards within 6 inches of tho ground, whore they rest in

f^'^IM brass stops fixed upon a horizontal beam. 2, Wooden heads, made of
horn-beam or nut-tree, placed, tho first upon the upper end of each
spindle, opposite the cut-out beam f, and tho second opposite the
second beam g. 3, "Wooden-toothed wheels, H,

together, placed between the beam g and the

toothed wheels and the lower heads for each

reciprocally working
collet-beam e. The
spindle are in one

piece.

Tho heads and shafts of tho spindles No. 1 and 6 are one-fifth

stronger than those of the other spindles ; their heads have five

semi-circular grooves, and wheels of 60 teeth, while the heads of the

others have only four grooves, and wheels of 48 teeth ; so that tho

number of the grooves in the six spindles is 26, one-half of which are

occupied with the stems of the puppets i, which carry the 13 threads

from No. 1 to 13.

The toothed wheels, which give all the spindles a simultaneous

movement, but in different directions, are so disposed as to bring

their grooves opposite to each other in the course of rotation.

K, the middle winglet, triple at bottom and quintuple at top,

which serves to guide the puppets in the direction they ought to

pursue.

T, three winglets, single at top and bottom, placed exteriorly,

which serve a like purpose.

M, two winglets, triple at bottom and single at top, placed like-

wise exteriorly, and which serve the same purposes as tho preceding

;

m, are iron pins inserted in the cut-out beam g, which serve as stops

or limits to the oscillations of the exterior winglets.

Now, if by any moving power (a man can drive a pair) rotation be

impressed upon the large spindle No. 1, in the direction of the

arrow, all the other spindles will necessarily pursue the rotatory

movement indicated by the respective arrows. In this case the 13

puppets working in the grooves of the heads of the spindles will be

carried round simultaneously, and will proceed, each in its turn, from one extremity

of the machine to the opposite point, crossing those which have a retrograde move-

ment. The 13 threads united at tho point n, situated above tho centre of the machine,

will form at that point the braid, which after having passed over the pulley o, comes

between the two rollers p q, and is squeezed together, as . in a flatting-mill, where the

braid is calendered at the same time that it is delivered. It is obvious that tho

roller p receives its motion from the toothed wheel of the spindle No. 3, and from tho

intermediate wheels, e, s, t, as well as from the endless screw z, which drives at

proper speed tho wheel w, fixed upon tho shaft of tho roller p.

The braid is denser in proportion as tho point k is less elevated above tho tops of

tho puppets, but in this case, the excentric motion of these puppets is much more

sensible in reference to that point towards which all the threads converge than when

it is elevated. The threads, which must be always kept equally stretched by means

of a weight, as we shall presently see, are considerably strained by the traction

occasioned by the constantly oxcontric movement of the puppets. From this

cause, braiding machines must be worked at a moderate velocity. In general, for

fine work, 30 turns of tho largo spindle per minute are the utmost that can safely be

""'The puppet or spindle of this machine, being tho most important piece I have

represented it in section, upon a scale one-fourth of its actual siz6j.^..206. It is

formed of a tube, a, of strong sheet iron well brazed; b is a disc, likewise of sheet

iron, from which a narrow fillet c, rises vertically as high as tlio tube, where both

are pierced with holes, d e, through which the thread/is parsed as it comes from the

bobbin, g, which turns freely upon the tube a. Tho top of tins bobbin is conical and

toothed. A small catch or detent h, moveable in a vortical direction round i, falls by
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its own woifiht into the teeth of the crown of the bobbin, in which case this cannot

^Wfi • bnb when the detent is raised so far as to chsengage the teeth, and at the

same time to pull the thread, the bobbin turns, and lets out thread till the detent falls

i'etfofirr^rtt is loaded with a small weight molted upon it The top

of this skewer has an eye in it, and the bottom is reciujed, as :s shown in^^^. 206, so

Sat apposing the tliread comes to break, this skewer falls into the actual position in

the liS, where we see its lower end extending beyond the tube «, by about i of an

inch but as long as the thread is unbroken, the skewer which serves to keep it

Sys tense during the excentric movement of the puppet, does not pass out below

*^'tSs disposition has naturally furnished the means of causing the machine to stop

whenever one of the threads breaks. This inferior protrusion of the skewer pushesm
its progress a detent, which instantly causes the band to slide from the drmng pulley

to the loose pulley. Thus the machine cannot operate unless all the threads be entire.

It is the business of the operative, who has 3 or 4 under her charge, to mend the

threads as they break, and to substitute full bobbins for empty ones, whenever the

machine is stopped.
. „ , ^ . j

BKAKT (Son, Fr. ; Kleie, Ger.) The husky portion of ground wheat, separated

by the boulter from the flour. It is advantageously employed by the calico printers,

in the clearing process, in which, by boiling in bran-water, the colouring matters

adhering to the non-mordanted parts of maddered goods, as well as the dun matters

which cloud the mordanted portions, are removed. A valuable series of researches

by M. Daniel Kcechlin-Schouch, justified the following conclusions :—

1. The dose of two bushels of bran for 10 pieces of calico is the best, the ebullition

being kept up for an hour. A boil for the same time in pure water had no effect in

clearing either the grounds or the figures.
^ _

2. Fifteen minutes boiling are sufficient when the principal object is to clear white

grounds, but in certain cases 30 minutes are requisite to brigliten the dyed parts. If,

by increasing the charge of bran, the time of the ebullition could be shortened, it

would be, in some places, as Alsace, an economy; because in the passage of the 10

pieces through a copper or vat heated with steam, 1 cwt. of coal is consumed in fuel,

which costs from 2J to 3 francs, while 2 bushels of bran are to be bought for 1 franc.

3. By increasing the quantity of water from 12 to 24 hectolitres with 2 bushels of

bran, the clearing effect upon the 10 pieces was impaired. It is therefore advan-

tageous not to use too much water.

4. Many experiments concur to prove that flour is altogether useless for the clearing

boil, and that finer bran is inferior for this purpose to the coarser.

5. The white ground of the calicoes boiled with wheat bran is distinguishable by

its superior brightness from that of those boiled with rye bran, and especially with

barley bran ; the latter having hardly any effect.

6. There is no advantage in adding soap to the bran boil
;
though a little potash or

soda may be properly introduced when the water is calcareous.

7. The pellicle of the bran is the most powerful part ; the flour and the starch are of

no use in clearing goods, but the mucilage, which forms one-third of the weight of the

bran, has considerable efficacy, and seems to act in the following way :—In proportion

as the mucilaginous substance dissolves the colouring and tawny matters upon the

cloth, the husky surface attracts and fixes upon itself the greater part of them. Ac-
cordingly, when used bran is digested in a weak alkaline bath, it gives up the colour

which it had absorbed from the cloth.

From bran, P^ligot obtained 8*0 per cent, of cellulose. Millon succeeded in ex-

tracting considerable quantities of glutinous substances from the bran with acetic acid

and alcohol. He found in 100 parts, starch, dextrine, and sugar, 60"0
;
sugar, 1"0;

gluten, 14-9; fat, 3-6; cellulose, 9*7; salts, 6"7
;
water, 13'9; and of odorous and

resinous matters, 1"2 per cent.

BRAHrCR COAXi. A term applied in Yorkshire to cannel and other kinds of
coal, which occurs in layers traversing the ordinary coal of the district. The
brandling coal of South Wales derives its name from the peculiar swelling which
takes place in the operation of coking, after which it becomes very light.

BRANDS. Imperfectly carbonised pieces of wood taken from a charcoal heap.
BRANBY. (Eau de vie, Fr.

;
Branntwein, Ger.) The name given in this

country to ardent spirits distilled from wine, and possessing a peculiar taste and
flavour, due to a minute portion of a volatile oil. Each variety of alcohol has an
aroma characteristic of the fermented substance from which it is procured ; whe-
ther it bo the grape, cherries, sugar-cane, rice, corn, or potatoes; and it may be
distinguished oven as procured from different growths of the vino, The brandies of
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LanguGcloc, Bordeaux, Axmaguac, Cognac, Aunis, Saintonge, Roehello, Orleans,
Barcelona, Naples, &c., being each readily recognisable by an oxperiouced dealer.

Auborgior showed by experiments, that the disagi-oeablo taste of tlie spirits distilled
from the marc of the grape is o-\viug to an essential oil contJiined in the skin of the
grape

; and found that the oil, when insulated, is so energetic that a few drops are
sufficient to taiut a pipe of GOO litres of fine-flavoured spirit. See Fusel Oil.
The most celebrated of the French brandies, those of Cognac and Armagnac, are

slightly rectified to only from 0-935 to 1-922 : they contain more tlian lialf their
weight of water, and come over therefore highly charged witli the fragrant essential
oil of the husk of the grape. When, to save expense of carriage, the spirit is rectified

to a much higher degree, the dealer, on receiving it at Paris, reduces it to the market
proof by the addition of a little highly flavoured weak brandy-and-water ; but ho
cannot in this way produce so finely-flavoured a spirit as the weaker product of
distillation of the Cognac wine. If the best Cognac brandy bo carefully distilled at

a low heat, and after distillation the strong spirit be diluted Avith water to restore

it to its original strength, it will bo found that"the brandy has suffered much in

its flavour.

Genuine French brandy evinces an acid reaction with litmus-paper, owing to a
minute portion of vinegar ; it contains, besides, some acetic ether, and, when long kept

in oak casks, a little astringent matter.

The constituents of brandy are alcohol, water, volatile oU, acetic acid, acetic ether,

colouring matter, and tannin.—Pereira.

Pale brandy acquires the slight colour which it possesses from the cask in which it

is kept. Brown brandy is coloured by caramel. Brandy is sold of various strengths,

but it is usually about 10 per cent, under proof. The quantities of brandy imported,

and its computed value, have been as follow:

—

18G7 18G8 18C9 1870 1871

Proof Galls. Proof Galls. Proof Galls. Proof Galls. Proof Galls.

Quantity . . . 4,849,832 4,062,885 3,937,266 7,942,965 5,228,668

£ £ £ £ £

Value .... 1,376,360 1,309,413 1,249,579 2,153,699 1,895,378

For the last three years the returns are given, showing the quantity retained for

home consumption :

—

1870 1871 1872

Proof Galls. Proof Galls. Proof Galls.

Imports .... 9,942,965 5,372,486 3,519,413

Home consumption . . 3,526,132 3,715,675 3,944,725

The duty on brandy was reduced in 1860 to 8s. Qd. per gallon,

BRASTDV, BBITXSH. Dr. Ure gave the following formula for its prepara-

tion -.—Dilute pure alcohol to the proof pitch; add to every hundred pounds weight of

it from half a pound to a pound of argol, dissolved in water, a little acetic ether, and

French wine vinegar, some bruised French plums, and flavour stuff from Cognac

;

then distil the spirit with a gentle fire in an alembic furnished with an agitator.

British brandies are now sold as pure grain spirits, flavoured and coloured with

caramel. See Alcohol. ^ v . „ » a •

BRASS. {Laiton, cuivrejaune, Fr. ;
Messing, Ger.) An alloy of copper and zmc.

The brass of the ancients appears, in very early times, to have chiefly consisted of a

mixture of copper and tin, and to have consequently, been a species of bronze or bell

metal. See Allots. j i

Brass was formerly manufactured by cementing granulated copper, called bean-

shot or copper clippings, with calcined calamine (native carbonate of zmc) and char-

coal' in a crucible, and exposing them to bright ignition. Three parts of copper were

used for 3 of calamine and 2 of charcoal.
, v ^ ^ •

James Emerson obtained a patent, in 1781, for making brass by the direct fusion

of its two metallic elements, and it is now usually manufactured in t^is "vray^^

It appears that the best proportion of the constituents to form fine brass is 2

cquivabnts of copper =63-^ + 1 of zinc= 32-3 ; or very nearly 2 parts of copper to 1

"M^Sie process of alloying two metals of such different fusibilities as copper and

zinc! a consTderable wasS of the latter metal by eomb-tion img^t b^^^^^^^^^ bu

in roalitv their mutual affinities seem to prevent the loss, m a groat i leasure, by tlio

speedy l^'«orption of the .inc into the substance of the copper. Indeed, copper plates

SZlrlZ often brassed externally by exposure,
^'^^^^^f^.S'goW

fumes of zinc, and afterwards laminated or drawn. Iho spunous gold wire ol
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T vnnR is made from such rods. Copper vessels may be superficially converted into

brass by boiling them in dilute muriatic acid containing some tartar and zinc

^™Thf&st step in making brass is to plungo slips of copper into melted zinc till an

alloy of somewhat difiicult fusion be formed, to raise the heat, and add the remaining

^^KbrLfonhSsTfusion is broken to pieces, and melted with a fresh quantity

of zinc to obtain the finished brass. Each melting takes from 8 to 9 hours. The

metal is now cast into plates, about 40 inches long by 26 broad, and from one-third

to half an inch tliick. The moulds were formerly slabs of granite mounted m an

iron frame Granite appears to have been preferred as a mould, because it preserves

the heat, whilst, by the asperities of its surface, it keeps hold of the clay lute applied

to secure the joinings.
. . i

The modernmethod of making brass, by the direct mixture of the component metals,

is largely practised at Bii-mingham in small square furnaces, built of fire-brick, and

measuring from 10 to 12 inches in the side, and about 2 feet in depth. Crucibles of

Stourbridge fire-clay, or, rarely, of plumbago, are placed on the iron bars at the

bottom of the furnace, and packed round with coke. The ingot copper is first intro-

duced into the crucible, and when this is melted the proper proportion of zmc is

cautiously added, the mixture being stirred with an iron poker to ensure union

of the metals. As soon as the mixture is thoroughly effected, the crucible is

withdrawn, and the molten brass is cast, either into moulds of sand, or into iron

ingot moulds, slightly oiled inside, and dusted over with charcoal powder. In the

manufacture of the variety of brass called ' Muntz's metal,' an alloy extensively made

for sheathing the bottoms of ships, the mixture of metals is generally effected in a

reverberatory furnace, instead of in crucibles. See Muntz's Metai,.

The cast plates of brass are usually rolled into sheets. For this purpose they are

cut into ribands of various breadths, commonly about 6^ inches. The cylinders of the

brass rolling mill are generally 46 inches long and 18 inches in diameter. The ribands

are first of all passed through the cylinders cold ; but the brass soon becomes too hard

to laminate. It is then annealed in a furnace, and, after cooling, is passed afresh

through the rolls. After paring off the chipped edges, the sheets are laminated, two

at a time ; and if they are to be made very thin, even 8 plates are to be passed

through together. The brass in these operations must be annealed 7 or 8 times before

the sheet arrives at the required thickness. These successive heatings are expensive

;

aud hence manufacturers have been led to try various plans of economy. The an-

r.ealing furnaces are of two forms, according to the size of the sheets of brass. The
smaller are about 12 feet long, with a fire-place at each end, and about 13 inches wide.

The arch of the furnace has a cylindrical shape, whose axis is parallel to its small

side. The hearth is horizontal, and is made of bricks set on edge. In the front of

the furnace there is a large door, which is raised by a lever, or chain and counter-

weight, and slides in a frame between two cheeks of cast-iron. This furnace has, in

general, no chimney, except a vent slightly raised above the door, to prevent the

workmen being incommoded by the smoke. Sometimes the arch is perforated with a

number of holes. The sheets of brass are placed above each other, but separated by
parings, to allow the hot air to circulate among them, the lowest sheet resting upon
bars of cast-iron placed lengthwise.

The larger furnaces are usually 32 feet long, by 6J feet wide, in the body, and 3

feet at the hearth. A grate 13 inches broad extends along each side of the hearth,

through its whole length, and is divided from it by a small wall, 2 or 3 inches high.

The vault of the furnace has a curvature, and is pierced with 6 or 8 openings, which
allow the smoke to pass off into a low bell-chimney above. At each end of the fur-

nace is a cast-iron door, which slides up and down in an iron frame, and is poised by
a counterweight. On the hearth is a land of railway, composed of two iron bars, on
which the carriage moves with its load of sheets of brass.

These sheets, being often 24 feet long, could not be easily moved in and out of the

furnace ; but as brass laminates well in the cold state, they are all introduced and
moved out together. WitJi this view an iron carriage is framed with bars, which rest

on four wheels. Upon this carriage, of a length nearly equal to that of the furnace,

are laid the sheets, with brass parings between them. The carriage is then raised by
a crane to a level with the furnace, and entered upon the grooved bars which lie upon
the hearth. That no heat may bo lost, two carriages are provided, the one being
ready to put in as the other is taken out ; the furnace is meanwhile uniformly kept
hot. This method, however convenient for moving the sheets in and out, wastes a
good deal of fuel in heating the iron carriage.

The principal places in which brass is manufactured on a large scale, in England,
arc Bristol and Birmingham, and at Holywell, in North "Wales,

Vol-. I. HE
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207 209

O

'208

At the brass manufactory of Hogorraiihl, upon the Finon Canal, near Potsdam, the
foUo'wing are the materials of one charge :—41 pounds of old brass, 55 pounds refined

copper (Gari-M^er) granulated, and 24 pounds of zinc. This mixture, weighing 120
pounds, is distributed in four crucibles, and fused in a wind furnace with pitcoal fuel.

The waste, upon the whole, varies from 2J to 4 pounds.

Fiff. 209 represents the furnace as it was formerly worked with charcoal ; a, the

laboratory, in which the crucibles were placed. It was walled with fire-bricks. The
foundations and the filling-in walls

were formed of stone rubbish, as

being bad conductors of heat ; sand
and ashes may be also used

; b, cast-

iron circular grating plates, pierced

with 12 holes (see Jig. 208), over

them a solo of loam, c, is beaten

down, and perforated with holes

corresponding to those in the iron

discs ; d, the ash-pit ; e, the bock,

a draught flue which conducts the

air requisite to the combustion,

from a sunk tunnel in communica-
tion with several melting furnaces.

The terrace or crown of the furnace,

/, lies on a level with the foundry

floor, h h, and is shut with a tile

of fire-clay, g, which may be moved
in any direction by means of hooks

and eyes in its binding iron ring.

Fig. 209 the tongs for putting in and
taking out the charges, as viewed

from above and from the side.

The following description of a Continental brass manufactory, by Dr. Ure, it has

boon thought advisable to retain, with only a few verbal alterations.

210, 211, represent the furnaces more recently constructed for the use of

fuel'; fig. 210 being an upright section, and fig. 211 the ground plan. In
'

this furnace the crucibles are not surrounded with the

fuel, but receive the requisite melting heat from the

flame proceeding from the grate upon which it is burnt.

The crucibles stand upon seven arches a, which unite in

the middle at the keystone, b, fig. 211; between the

arches are spaces, through which the flame rises from the

grate, c ; d, is the fire door ; e, a sliding tile or damper

for regulating or shutting off the air-draught ;/ an in-

clined plane, for carrying off the cinders that fall through

the grate, along the draught tunnel g, so that the air in

entering below may not be heated by them.

The crucibles are 16 inches deep, 9-J wide at the mouth,

6^ at the bottom ; with a thickness in the sides of 1 inch

above and 1^ below
;
they stand from 40 to 50 meltings.

The old bras's, which fills their whole capacity, is first put

in and molted down ; the crucibles are now taken out and

charged with the half of the zinc in pieces of from 1 to

3 inches in size, covered over with coal-ashes ; then one-

half of the copper is introduced; again dust; and thus

the layers of zinc and copper are distributed alternately

with coal-ashes betwixt them, till the whole charge be-

comes finally fused. Over all, a thicker^ layer of car-

bonaceous matter is laid, to prevent oxidation of the

brass. Eight crucibles filled in this way are put into the

furnace between the 12 holes of the grate ;
and over them

are laid two empty crucibles to be heated for the castmg

operation In from 3i to 4 hours the brass is ready to bo poured. Fifteen English

Eels of coals are consumed in one operation ; of which six are used at the intro-

duction of the crucibles, and four gradually afterwards.
^

When sheet brass is to be made, the follo^-ing process is ^"^^^^ . ,

An empty crucible is taken out of the furnace through the crown with a pair of

ton^, and kepTS hot by placing it in a hollow hearth surrounded with burmng

_

Figs.

pitcoal
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coals • into tliis crucible the contents of four of the melting pots are poured ; the dross

is raked out -with an iron scraper. As soon as the melting pot is emptied, it is im-

mediately re-charged in the manner above described, and placed in the furnace. The

surface of the melted brass is swept 4vith the stump of a broom, and then stirred about

Avith the iron rake, to bring up any light foreign matter to the surface, which is then

skimmed with a little scraper ; the crucible is now seized with the casting tongs, and

emptied in the following way :—
^ , , . .

The mould as form for casting sheet brass consists of two slabs of granite, a a, figs.

212, 213. These are 5^ feet long, 3 feet broad, 1 foot thick, and, for greater security,

girt with iron bands, bb,2 inches broad, IJ thick, and joined at the four corners with

bolts and nuts. The mould rests upon an oaken block, c, 3J feet long, 2|th broad, and

1^ thick, which is suspended at each end upon gudgeons, in bearing blocks, placed

under the foundry floor, d d,\n the casting pit, e e. This is lined with bricks ; and

is 6| feet long, 6^ broad, and 2 deep ;
upon the two long side walls of the pit are

laid the bearing blocks which support the gudgeons. The swing blocks are 10 inches

long, 18 inches broad, 15 inches thick, and somewhat rounded upon their back edge,

so that the casting frame may slope a little to the horizon. To these blocks two cross

wooden arms, //, are mortised, upon which the under slab rests freely, but so as to

project about 5 inches over the block backwards, to secure an equipoise in the act of

easting, g g are bars, placed at both of the long sides, and one of the ends, between

the slabs, to determine the thickness of the brass plate. Upon the other slab the gate

h is fastened, a sheet of iron 6 inches broad, which lias nearly the shape of a parallel

trapezium (lozenge), and slopes a little towards the horizon. This serves for setting

the casting pot upon in the act of pouring, and renders it more convenient to empty.

The gate is coated with a mixture of loam and hair. The upper slab is secured to

the under one in its slanting position by an armour or binding. This consists of

tension bars of wood, i, Jc, I, m, of the iron bars??, (3 to 3| inches broad, 1^ inch thick,

see the top view, Z^. 213) of a rod with holes and pins at its upper end, and of the

iron screw spindle o. The mode in which these act may be understood from inspec-

tion of the figure. In order to lift the upper slab from the under one, -which is

oifected by turning it round its edge, a chain is employed, suspending two others,

connected with the slab. The former passes over a pulley, and maybe pulled up and
down by means of a wheel and axle, or the aid of a counterweight. Upon each of

the two long sides of the slab are two iron rings, to which the ends of the chains

may be hooked. The casting faces of the slab must be coated with a layer of finely

ground loam ; the thinner this is the better.

When calamine is employed, \ cwt. of copper, | cwt. of calamine, and ird the volume
of both of charcoal mixed, are put into seven crucibles, and exposed to heat during
11 or 12 hours ; the product being from 70 to 72 lbs. of brass.

Brass-Plate Boiling,—At Hegermiihl there are two re-heating or annealing furnaces,

one larger, 18 feet long, and another Smaller, 8^ ; the hot chamber is sexaarated from
the fireplace by iron beams, in such a way that the brass castings are played upon by
the flames on both their sides. After each passage through the laminating rolls, they
are heated anew, then cooled and laminated, until they have reached the proper length.
The plates are smeared with grease before rolling.

Fig. 214 shows the ground plan of the furnace and its railway; fig, 215, the cross
section ; and fig. 216 the section lengthwise ; a a, the iron way bars or rails upon
the floor of the foundry for enabling the wheels of the waggon to move rapidly back-
wards and forwards ; b b, the two grates ; c c, the ash-pits ; d d, the fire beams •

hh2



468 BRASS

e e e, vonts in tho roof of the hot chamber /; g, g, two plates for shutting the hot
chamber

;
h, tho fluo

;
i, tho cliimnoy. After rolling, tlio sheets, covered with black

oxido of copper, arc plunged for a few minutes into a mother-water from the alum

works, then washed in clean water, and lastly, smeared with oil, and scraped with a

blunt knife.

Por musical purposes, the brass wire of Berlin had acquired great and merited

celebrity ; but that of Birmingham and of Cheadle is now preferred by foreigners.

The Table on the opposite page, for the compilation of which we are indebted to

Mr. Kobert Mallet, F.R.S., presents, in a very intelligible form, the chemical and

physical conditions of the various kinds of brass.

It is knoAvn that common brass, containing from 27*4 to 31-8 per cent, of zinc and

from 71-9 to 65-8 per cent, of copper, is not malleable while hot, but that articles of

it must be made by casting. As it would be of great advantage in many branches of

industry to have an alloy of this kind that could be worked while hot, like malleable

iron, the information that such an alloy exists must be welcome to artists.

By melting together 33 parts of copper and 25 parts of zinc, there was a loss of 3

parts, thus making 60 per cent, copper and 40 per cent. zinc. It differs from the

English specimens by containing a larger proportion of zinc, and possesses, according

to M. Machts, the proprietor of a brass foundiy in Hanover, the precious property of

malleability in a higher degree than the English specimens.

A piece of ' yellow metal,' similar in colour to tliis alloy, was found on analysis to

contain 60*16 copper and 3971 zinc, which is the composition of malleable brass. It

also showed great density or solidity.
.

An alloy was prepared by melting together 60 parts copper and 40 parts zinc, wiiicli

had the following properties :—The colour was between that of brass and tombak, it

had a strong metallic lustre, a fine close-grained fracture, and great solidity (density).

Its specific gravity at tho temperature of 10° C. was 8-44; by calculation it ought

only to have been 8-08 ; thus showing that in the formation of the alloy a condensa-

tion must have taken place. Calculation shows that the alloy may be considered as

a determinate chemical combination, for the results of the analysis very nearly accord

with the assumption that it may be considered as composed of three atoms by woigUt

of copper and 2 atoms by weight of zinc (3Cu + 2Zn). The hardness of the alloy

is the same as that of fluor spar ; it can be scratched by apatite (phosphate of lime),

consequently its hardness is =4. The alloy is harder than copper, very tough, and

is, in a properly managed fire, malleable; so much so that a key was forged out ot a

Thefe' important properties of this alloy warrant an expectation of its application

to many purposes in the arts, and it would appear that thoy depend on its definite

''^We'lLrnTomrfurthor particulars from tho ' Gowerbeverein,' of Lower Austria.

The commission obtained from an English specimen 65-03 of copper and 34 76 ziuc
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Eisner .analysed a malleaLlo brass, and found it to contain 61"16 copper and 39-71

zinc. Those numbers approximate to the composition Cu'Zn* (69 '4 per cent, copper

and 40'6 zinc).

—

Liebig and Kopp's Report.

The alloy noticed in the preceding paragraplis is identical with that known as

' Muntz's patent sheathing ' (see table on preceding page).

The chief properties of value in brass, are its colour, hardness (which is superior

to that of copper), and power of diking delicate impressions when cast in a mould.

The malleability of brass varies greatly with its chemical composition, and witli

the temperature at which it is worked. As a rule, the malleability diminishes with

the increase in the quantity of zinc.

The effect of the admixture of foreign metals on brass is somewliat similar to that

produced by them in copper. Antimony is most injurious, as it renders the metal

brittle and liable to crack at the edges in rolling.

Lead also has a hardening effect on brass, and is useful for all work that requires

to be turned or filed ; as the addition of about two per cent, causes the turnings to

break short, and thus prevents the tool from becoming clogged.
_
The same effect is

produced in brass for engraving by the addition of a small quantity of tin.

Brass is apt to undergo a gradual molecular change, especially if subjected to vibra-

tion, and thus becomes extremely brittle. Hence, it happens that brass chains used

for suspending heavy objects, like chandeliers, occasionally snap without any external

violence.

Thin sheet brass may be readily stamped into shape, and in this way ornamental

brass objects are now extensively made : the sheet brass being subjected to heavy

blows delivered by steel dies. The metal requires, however, to be frequently an-

nealed diu'ing the stamping, and the film of oxide which is formed on the surface by

the annealing, rcqiiires to be removed by dipping in aquafortis ; the objects are then

washed with water, and lacquered. By varying the strength of the aquafortis, the

colour of the brass may be considerably modified.

The surface of brass work requires to be protected from the action of the air, by a

coating of a less oxidisable metal, or a resinous varnish or lacquer. The metal is

first brought up to a clean face by the process of ' dipping ' or immersion into weak

nitric acid, whereby the adherent scale or oxide formed during annealing is removed.

By varying the strength of the acid employed, and repeating the dipping, the metal

may be made to assume a ' matt,' dead, or frosted appearance. After dipping, the

metal is washed in water, and dried by imbedding it in hot sawdust. The Ucquer,

which is an alcoholic solution of shellac, more or less coloured with dragon s blood,

according to the tint desired in the finished work, is brushed over the article when

in a heated state, and dried over a stove. The colour in the lacquer helps to produce

a higher or more golden tint than that due to the metal alone.

Brass work is bronzed in several different ways : the most usual are, immersion m
a solution of arsenious acid, in hydrochloric acid, or in bichloride of platinum. 1 le

former is chiefly employed for cheap work, such as common gas fittings, while tue

latter is used for blacking or bronzing telescopes, mathematical instruments, ana

similar fine work. The effect, in either case, is the production^ of a film ot dark

coloured metal on the surface of the brass, namely, arsemc in the former, ana

platinum in the latter case. This operation is performed after dipping, and betoro

Another method now extensively used, is to apply a coating of a solution of cor-

rosive sublimate (bichloride of mercury) in water, mixed with vinegar. A mm oi

morcurv is thus formed on the surface of the brass.

Eor the method of covering brass with a film of tin, see Pix Maotfacture.

Beass Eoil. Dutch leaf, called Knitter or Eauschgold in Germany, is made from

a very thin sheet brass, beat out under a hammer worked by water-power whi^^^^^

from 300 to 400 strokes per minute, from 40 to 80 leaves being laid over each otl^er.

By this treatment it may be reduced to leaves not more than ot an men tmcK.

The metal employed is one rich in copper.
varieties

Bbass, Yellow. The following Table exhibits the composition of several varieUes

of this species of brass. No. 1 is a cast brass of uncertain origin 2 ^^le brass oi

Jemappes; 3, the sheet brass of Stolberg, near Aix-la-Chapelle; 4 and
^^^^

frnTDHldiTif^ accordinc to D'Arcet; 6, the sheet brass of Eomilly
;

7, English brass

^"re^ t Su^sbe^g b^^^^^^^ 9,'B;ass wire of Neustadt-Eberswald, in the neigh-

bourhood of Berlin :

—



BRASS

1 2 3 1 5 6 7 8 9

Copper
Zinc . •

Load .

Tin .

61-6

2-9

0-2

64-6

33-7

1-4

0-2

64-8

32-8

2-0

0-4

63-70

33-66

0-25

2-50

G4-45
32-44

2-86

0-25

70-1

29-9

70-29

29-26

0-28

0-17

71-89

27-63

0-'86

70-16

27-45

0-20

0-79

100-0 99-9 100-0 100-00 100-00 • • • 100-00 100-37 98-60

Tombak, or Eed Brass, in the cast state, is an alloy of copper and zinc, containing

not more than 20 per cent, of the latter constituent. The following varieties are dis-

tinguished:—1, 2, 3, tombak for making gilt articles
; 4, French tombak for sword-

handles, &c. ; 5, tombak of the Okar, near Goslar, in the Hartz
; 6, yellow tombak of

Paris, for gilt ornaments
; 7, tombak for the same purpose from a factory in Hanover

;

8, chrysochalk ; 9, red tombak from Paris ; 10, red tombak of Vienna.

1 2 3 4 5 6 7 8 y 10

Copper . 82-0 82 82-3 80 85 85-3 86 90-0 92 97-8

Zinc .
18-0 18 1-76 17 15 14-7 14 7-9 8 2-2

Lead . . 1-5 3 1-6

Tin .
3-0 1 0-2 8 trace

104-5 104 100-0 100 100 100-0 100 99-6 100 1000

Mr. Holtzapffel, in his ' Mechanical Manipulation,' has given some very important

descriptions of alloys. From liis long experience in manufacture, no one was more
capable than Mr. Holtzapffel to speak with authority on the alloj's of copper and zinc ;

and from his work, the following particulars have been obtained :

—

The red colour of copper slides into that of yellow brass at aboiit 4 or 5 ounces

of zinc to the pound of copper, and remains little altered unto about 8 or 10 ounces
;

after this it becomes whiter, and when 32 ounces of zinc are added to 16 of copper,

the mixture has the brilliant silvery colour of speculum metal, but with a bluish

tint.

The alloys—from about 8 to 16 ounces to the pound of copper—are extensively

used for dipping, a process adopted for giving a fine colour to an enormous variety

of furniture work. The alloys with zinc retain their malleability and ductility well

unto about 8 or 10 ounces to the pound ; after this the crystalline character slowly
begins to prevail. The alloy of 2 zinc and 1 copper may be crumbled in a mortar
when cold. In the following list, the quantity of zinc employed to 1 lb. of copper
:s given :

—

1 to I J oz. gilding metal for common jewellery.

3 to 4 oz. Bath metal, pinchbeck, Mannheim gold, Similor ; and alloys bearing
various names, and resembling inferior jewellers' gold.

8 oz. Emerson's patent brass.

lOf oz. Muntz's metal, or 40 zinc and 60 copper. ' Any proportions,' says tlie

patentee, ' between the extremes, 50 zinc and 50 copper and 37 zinc snd 63
copper, will roll and work well at a red heat.'

16 oz. soft spelter solder, suitable for ordinary brass work.
16^^ oz. Hamilton and Parker's patent mosaic gold.

Brass is extensively employed for the bearings of machinery. Several patents have
been taken out for compositions varying but slightly. The following, for improve-
ments in casting the bearings and brasses of machinery, appears important :^Mr.
W. Hcwitson, of Leeds, directs, in liis patent, that the proper mixture of alloy, copper,
tin, and zinc, should bo run into metal or ' chill ' moulds, in place of the ordinary
moulds. In large castings, it is found more especially that the metals do not mix
intimately in cooling, or, rather, they arrange themselves into groups when cast in
sand, and the bearings are found to wear out more quickly ; but if the bearings are
cast so that the alloy comes in contact with metal, the mixture is more intimate and
the bearings last longer than if cast in dry or green sand moulds.

'

Mr. Hewitson generally only applies these chill-metal siufaces of the moulds to
those parts of a brass, or bearing, that are to receive the shaft or bear the axis of a
machine. Tho chills are preferred of iron, perforated -with holes (^th to ith inch)
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Cwte. £
10,950 54,648

8,077 41,554

23,646 137,811

4,643 49,802

3,085 6,325

for tlio passage of air or vapours ; the surface should bo thinly coated with loam, and
heated to about 200°.

Fenton's patent metal consists of copper, spelter, and tin : it has less specific gra-

vity than gun-motal, and ia described as being ' of a more soapy nature,' by wliich,

consequently, the consumption of oil or grease is lessened.

Many of the patentees of bearing metals assure us, that the metals they now use

diflTer very considerably from the statement in their specifications. Surely this requires

a careful examination.

We exported of our Bhass Manufactubks, in 1864, as follows :

—

Erass wire of all sorts, and manufactures of wire

Brass tubing _
•

Wrought brass of all other sorts, not being ordnance, "1

and not otherwise described .... J

In tile same year we imported

:

—
Brass manufactures, unenumcrated ....
Brass, old, fit only to be re-manufactured .

BRASS COliOUR, for staining glass, is prepared by exposing for several days

thin plates of brass upon tiles in the leer, or annealing arch, of the glass house, till

they are oxidised into a black powder, aggregated in lumps. This being pulverised

and sifted, is to bo again well calcined for several days more, till no particles

remain in' the metallic state, when it will form a fine powder of a russet-brown

colour A third calcination must now be given with a carefully regulated heat, its

quality being tested from time to time by fusion with some glass. If it makes the

glass swell and intumesce, it is properly prepared ; if not, it must be still further

ralcined. Such a powder communicates to glass greens of various tints, passing into

WheTthin narrow strips of brass are stratified with sulphur in a crucible, and cal-

cined at a red heat, they become friable and may be reduced to powder. This being

sifted and exposed upon tiles in a reverberatory furnace for 10 or 12 days, becomes

fit for use, and is capable of imparting a chalcedony—red or yellow—tinge to glass

by fusion, according to the mode and proportion of using it.

The glassmakers' red colour may be prepared by holding small plates of brass :n

a moderate heat in a reverberatory furnace till they are thoroughly calcined. When

the substance becomes pulverulent, and assumes a red colour, it is ready for imme-

"^'BSasfcolour, as employed by the colourmen to imitate brass, is of two tints-the

red or bronze, and the yellow, like gilt brass. Copper filings mixed with red ochre,

or bole, constitute the former ; a powdered brass,_ imported from Germany, is used for

the latter. Both must be worked up with varmsh after being dried by heat, and

then spread flat with a camel-hair brush evenly upon the siu^ace of the object. The

best varnish is composed of 20 ounces of spirits of wine, 2 ounces of shellac, and 2

ounces of sandarach, properly dissolved. (See Vabxish.) Only so much of the

brLs powder and varnish should be mixed at a time as is wanted for immediate use.

^BRASSE^sToll., or BRASS OP COAI., or BRASSBV COAl. Names

giv^fto iion pyrites found in the coal-measures. In 1872 it was estimated that the

following quantities were produced and used :—

NoRTHUMBBKLAND and DuRHAM . • • 3,250 tons.

yoBKSHmB
J700

„

Lakcashire "

Staffokdshire
.5,/""

n'hP^e ^ulDhur ores are employed in Yorksliire, Lancashire, and on the Tyne, in the

Zs^e-s-lo SL?;LSi-°T-;
tendoxl, in ^f-fP^ ^^^J^^^^^;^^^^^^^^^

acid, which re-uniting .vith the
result IS the conversion ^/^^e V

dissolved out and crystal-

iron forms the sulphate of the P^o'if^7,,°' '
,

";-^{,.„„^.„^ oftpn gives the tendency
lised. The presence of iron pyrites «

J^'^jjg^ ^^^^ sent from South

s^rrSi":?rs;, tS'j^t:^^:^:^^^ co,,. ores of that

:;^;^;^:ty -ch the trope. ^:^-^ 'zsf:^.
In the first place, the ^coals are no care U^^^^^^

or'picked, and
and being small, are put on board the

and by the time they
frequently damp. During the

y^y"?*^- J^Trto^^ occasion actual com-
roach the warmer latitudes, a temperature eutticiontiy mgn 10
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bustion is produced. By carefully wasliing tho coal and drying it, thoso casualties

mi.-ht be almost entirely provontod. Brass is a name given to an iron oro found m
tho^coal-moasures of South Wales, which is not a pyritic ore, although for a long

period mistaken for it. See Coal Beass.
,

BRASSXIi. A name given to iron pyrites m Derbyshire, a hard substance, and

fierv but yields no metal.'—Hodson, Complete Berbijshire Miner.

BRASSno-G- IRON. Iron ornaments are covered with copper or brass by pro-

perly preparing tho siu-face, so as to remove all organic matter, which would prevent

adhesion, and then plunging them into melted brass. A thin coating is thus spread

over the iron, and it admits of being polished or burnished. The elocteo-magnetic

process is now employed for the purpose of precipitating brass on iron. This process

was first mentioned in Shaw's 'Metallurgy,' in 1844, where he remarks: 'in depo-

siting copper upon iron, a solution of the cyanide or acetate of copper should

be employed. The only value of these salts is, that the surface of iron may be

immersed in their solutions without receiving injury by the corrosion consequent upon

the deposition of a fiilm of metal by chemical action.' The following solutions ai;e

recommended by Dr. Woods, in the 'Scientific American,' for coating iron with

copper, zinc, or brass, by the electrotjrpe process :— •-, c t.

To make a Solution of Co'ppcT or Zmc—Dissolve 8 ounces (troy) cyanide of potas-

sium and 3 ounces of cyanide of copper or zinc in 1 gallon of rain or distilled water.

These solutions to be used at about 160° F. with a compound battery of from 3 to 12

colls*

To prepare a Solution of ^rass.—Dissolve 1 lb. (troy) cyanide of potassium, 2

ounces of cyanide of copper, and 1 ounce of cyanide of zinc, in one gallon of
_

rain or

distilled water ; then add two ounces of muriate of ammonia. This solution is to be

used at 160° F. for smooth work, and from 90° to 120°, with a compound battery of

from 3 to 12 cells. See Elect.ro-Metai,ltibgy.

BRATTICE. The division made in a shaft of a colliery is so called. It is used

to ensure an up and a down-cast current of air. Brattices may be also used in any

of the levels for the same purpose. They may be of metal, of wood, or tarred canvas.

Mining engineers speak of a natitral brattice, i.e. one independent of any artificial

arrangement—when the currents separate naturally in a shaft or a level—and thus

produce a natural ventilation.

BRAUIO'ITB. A sesquioxide of manganese, composed when pure of nearly 70

per cent, of manganese, and 30 per cent, of oxygen.

BRAZIIiIAN' ARROWROOT. See Abboweoot.
BRAZIIi MTUTS. Tho hard-shelled fruit of the Bertholletia excelsa, which is

roundish and about six inches in diameter, contains about two dozen of tho elongated

wrinkled triangular seeds—these are tho ' nuts ' of the shops. Sec Paea Nuts.

BRAZIL WOOD. {Bois de Pernambouc, Fr. ;
Brasilienholz, Ger.) This dye-

wood gives its name to the part of America whence it was first imported. It has

also the names of Pernambuca, Wood of St. Martha, and of Sapan, according to the

places which produce it. Linnaeus distinguishes the tree which furnishes the Brazil

wood by the name of Casalpinia crista. It commonly grows in dry places among
rocks. Its trunk is very large, crooked, and full of knots. It is very hard, suscep-

tible of a fine polish, and sinks in water. It is pale when newly cleft, but becomes

red on exposm*e to the air. The following is a very exact description of the tree pro-

ducing this wood :

—

The ibirifitanga, or Brazil wood, called, in Pernambuco, pao da rainha (Queen's

v/ood), on account of its being a Government monopoly, is now rarely to be seen within

many leagues of the coast, owing to the improvident manner in which it has been
cut down by the Government agents, wthout any regard being paid to the size of tho

tree or its cultivation. It is not a lofty tree. At a short distance from the ground,

innumerable branches spring forth and extend in every direction in a straggling,

irregular, and unpleasing manner. Tlic leaA'es are small and not luxuriant ; tho wood
is very hard and heavy, takes a high polish, and sinks in water ; the only valuable

portion of it is tho heart, as the outward coat of wood has not any peculiarity. Tlio

name of tliis wood is derived from brasas, a glo-\ving fire or coal ; its botanical name
is Casalpinia Brasileto. Tlie leaves are pinnated, the flower white and papilionaceous,

growing in a pyramidal spike : one species has flowers variegated Mdth red. Tho
branches are slender and full of small prickles. There are nine species. See Boll's
' Geography.'

Tho species Brasileto, which is inferior to the cmte, grows in great abundance in tho
West Indies. Tho demand for t\\Q Brasileto, a few years ago, was so groat, owing to its

being a little cheaper than tho crista, tliat nearly the whole of the trees in tho British
possessions wore cut down and sent home, whicli Mr. Bell very justly terms improvi-
clenco. It is not now so much used, and is consequently scarcer in thc'English market,
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riio wood known in commorco as Pcmambuco is most ostocmed, and has tho

groatost quantity of colouring matter. It is hard, lias a yellow colour when newly
out, but turns rod by oxposuro to tho air. That kind termed lAma wood is the same
in quality. Sapan wood grows in Japan, and in quality is next tho two named above.
It is not plentiful, but is much valued in tho dyehouso for red of a certain tint; it

gives a very clear and superior colour. Tho quantity of ash that these two qualities
of wood contain is worthy of remark. Lima wood, as imported, gives the average of
2'7 per cent., while Sapan wood gives 1*5 per cent. ; in both, the prevailing earth ig

lime. Tho quantity of moisture in tho wood averages about 10 percent. ; that in tho
ground wood in tho market about 20 per cent.

Sapan wood is yielded by Cwsalpinia Sapan, and Lima wood by C. echinata,

Brazil wood has different shades of red and orange. Its goodness is determined
particularly by its density. When chewed, a saccharine taste is perceived. It may
be distinguished from red saundors wood by its colouring water, which tlie latter

does not.

BRAZXIi WOOD STSS. Eoiling water extracts the whole colouring matter of

Brazil wood, and if tho ebullition be long enough continued, it assumes a lino red

colour. Tho residuum appears black. In this case an alkali may still extract much
colouring matter. Tho solution in alcohol or ammonia is still deeper than the pre-

ceding.

The decoction of Brazil wood, called juice of Brazil, is observed to bo less fit for

dyeing when recent than when old, or even fermented. By ago it takes a yellowish-

rod colour. Eor making this decoction, Hellot recommends the use of the hardest

water ; but it should be remarked that this water deepens tho colour in proportion to

the earthy salts which it contains. After boiling this wood reduced to chips, or, what

is preferable, to powder, for three hours, this first decoction is poured into a cask.

Fresh water is poured on the wood, which is then made to boil for three hours, and

mixed with the former. Wlien Brazil wood is employed in a dyeing bath, it is proper

to enclose it in a thin linen bag.

"Wool immersed in the juice of Brazil wood takes but a feeble tint, wloich is speedily

destroyed ; it must therefore receive some preliminary preparations.

Tho wool is to be boiled in a solution of alum, to which a fourth or even less_ of

tartar is added, for a larger proportion of tartar would make the colour yellowish.

The wool is kept impregnated with it, for at least eight days, in a cool place. After

this, it is dyed with the Brazil juice with a slight boiling. But the first colouring

particles that are deposited afford a less beautiful colour ; hence it is proper to pass a

coarser stuff previously through the bath. In tliis manner a lively red is procured,

which resists pretty well the action of the air.

Brazil wood is made use of for dyeing silk the colour known as false crimson, to

distinguish it from tho crimson made by means of cochineal, which is much more

permanent.

Tho silk should be boiled at the rate of 20 parts of soap per cent., and then alumed.

The aluming need not be so strong as for the fine crimson. The silk is refreshed at

the river, and passed through a bath more or less charged with Brazil juice, ac-

cording to the shade to bo given. "When water free from earthy salts is employed,

the colour is too red to imitate crimson ; this quality is given it by passing the

silk through a slight alkaline solution, or by adding a little alkali to the bath.

It might, indeed, bo washed in a hard water till it had taken the desired shade.

They thus become permanent colours. But what distinguishes them from madder

and kermes, and approximates them to cochineal, is their re-appearing in their

natural colour, when they are thrown down in a state of combination with alumina,

or with oxide of tin. These two combinations seem to be the fittest for rendering

them durable. It is requisite, therefore, to enquire what circumstances are best

calculated to promote tho formation of these combinations according to tho nature of

tho stuff.
. , „

The astringent principle, likewise, seems to contribute to the permanence ot tne

colouring matter of Brazil wood ; but it deepens its hue, and can only be employed

for light shades. , . ^ ^ ^-i -n ^\
To make deeper false crimsons, a dark red juice of log^'ood is put into the Brazil

bath after the silk has been impregnated with it. A little alkali may bo added,

according to tho shade that is wanted.
, . . * /i„»r>„».

To imitate poppv or flame colour, an arnotto ground is given to tho silk, deeper

even than when it is dyed with carthamus; it is then washed, alumed, and dyed with

juice of Brazil, to which a little soap water is usually added.

The colom-ing particles of Brazil wood are easily affected and made yellow by the

'^'"rho colourhig particles of Brazil wood aro also very sensible to the action of alkalis.
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1 •
1 r,-rr. fl,Am 1 miTplo liuo i dud thoro aro several processes in wliicli the allialis,SCl rvolaS arc used for forming violets and purples But the colours

ciUior tixoa or vu
,

|^ s ly ^^aried according to the purpose, aro

wJCdios^ rbutrfransi The alkalis appear not to injure the

"""in England and Holland the wood-dyes aro reduced to powder by means of mills

'Te'wS'fJS^rr;^^ called fancy red. is given to cotton of Nicaragtta, or peach

wnod a cheat) kind of Brazilwood, See Peach Wood.
• ^i,

•

Th; cottoKing scoured and bleached, is boiled with sumach It is then impreg-

nated ^thT solution of tin (at 5° B., according to Vitalis). It should now be washed

StlTin a week bath of the dyeing wood ; and, lastly, worked in
_

a_ somewhat stele

Son of tl7e%chor Brazil wood^ When the temperature of thisis l^ewarm, the

dyeT said to take better. Sometimes two successive immersions m the bath are

OTven It is now wrung out, aired, washed m water, and dried.

VitaUs sajs. that liis solution of tin is prepared with two ounces of tin and

a poind of aqiia^regia, made with two parts of nitric acid at 24° B. and tliree parts

"^F^L^'rose colour, the cotton is alumed as usual, and washed from the alum. It

then gets the tin mordant, and is again washed. It is now turned through the dye-

bath, an operation which is repeated if necessary.

For purple, a little alum is added to the Brazil bath.

1. For amaranth, the cotton is strongly galled, dried, and washed.

2. It is passed through the black cask {ionneati, noir), till it has taken a strong

grey shade. See Black Dye.

3. It receives a bath of lime water.

4. Mordant of tin.

5. Dyeing in the Brazil wood bath.

6. The last two operations are repeated.
, r^r- <-

Dingier has endeavoured to separate tlie colouring matter of the different sorts oi

Brazil wood, so as to obtain the same tint from the coarser as from the best Pernam-

buco. His process consists in treating the wood Avith liot water or steam, in concen-

trating the decoction so as to obtain 14 or 16 pounds of it from 4 pounds of wood,

allowing it to cool, and pouring into it two pounds of skim milk
;
agitating, then

boiling for a few minutes, and filtering. The dun colouring matters are precipittited

by the coagulation of the caseous substance. For dyeing, the decoctions must bo

diluted with water; for printing, they must bo concentrated so that 4 pounds of wood

shaU furnish only 5 or 6 pounds of decoction, and the liquor may be thickened in the

ordinary way. These decoctions may be employed immediately, as by this treatment

they have acquired the same property as they otherwise could get only by being long

kept. A slight fermentation is said to improve the colour of these decoctions ; some

ground wood is put into the decoction to favour this process.

Gall-nuts, however, sumach, the bark of birch or alder, renders the colour of Brazil

wood more durable upon alumed linen and cotton goods, but the shade is a little

darker.

In dyeing wool with Pernambuco Brazil wood, the temperature of the bath should

never be above 150° P., since higher heats impair the colour.

According to Dingier and Kurrer, bright and fast scarlet reds may bo obtained

upon wool, by preparing a decoction of 60 pounds of Brazil wood in three successive

boils, and setting the decoction aside for 3 or 4 weeks in a cool place ; 100 pounds of

the wool are then alumed in a bath of 22 pounds of alum and 1 1 pounds of tartar,

and afterwards rinsed in cold water. Meanwhile, we fill two-thirds with water a

copper containing 30 pails, and heated to the temperature of 160^ or 160° P. Wo
pour in 3 pailfuls of the decoction, heat to the same point again, and introduce 30

pounds of wool, which does not take a scarlet, but rather a crimson tint. This being re-

moved, 2 pails of decoction are put in, and 30 pounds of wool, which becomes scarlet,

but not so fine as at the third dip. If the dyer strengthens the colour a little at the

first dip, a little more at the second, and adds at the third and fourth the quantity of

decoction merely necessary, he will obtain an uniform scarlet tint. AVith 50 pounds

of Pernambuco, 1,000 pounds of wool may be dyed scarlet in this way, and with the

deposits another 100 may bo dyed of a tile colour. An addition of weld renders the

colour faster, but less brilliant. See Weld.
Karkutsch says the dye may be improved by adding some ox-gall to tho bath.

In dyeing cotton, the tannin and gallic acid are two necessary mordants ; and tho
colour is particularly bright and durable when the cloth lias been prepaiwd with tho

. oily process of Turkey rod.
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It is Baid that stalo urine hoightons the colour of Brazil dye when the ground wood

is moistonod with it.

Chovroiil obtained the colouring matter from Brazil wood in the following manner

:

Digest the raspings of the wood in water till all tlio colouring matter is dissolved, and
evaporate the infusion to dryness, to got rid of a little acetic acid which it contains.
Dissolve the residue in water, and agitato the solution with litharge, to get rid of a
little fixed acid. Evaporate again to dryness

;
digest the residue in alcohol ; filter and

evaporate, to drive off the alcohol. Dilute the residual matter with water, and add to
the liquid a solution of glue, till all the tannin which it contains is thrown down

;

filter again, and evaporate to dryness, and digest the residue in alcohol, which will

leave \mdissolved any excess of glue which may have been added. The last alcoholic

solution, being evaporated to dryness, leaves brazilin, the colouring matter of the

wood, in a stiito of considerable purity.

BRAZIIi. A term given to a hard coal, approaching Anthracite in character, in

South Staffordshire.

BRAZZDOns' and BRAZIKXEN are two colouring matters which have been

separated from Brazil wood, by Chevreul and Proisscr. They are probably identical.

See Watts's ' Dictionary of Chemistry.'

BRAZin'G. See SoLDEES and Soldering.
BREAD. One of the most important, if not altogether the most important, article

of food, unquestionably, is bread ; and although rye, barley, oats, and other cereals,

are sometimes used by the baker, wheat is the grain which is best fitted for the manu-
facture of that article, not only on account of the larger amount of gluten, or nitro-

genous matter, which it contains, and than can be found in other edible grains, but

also on account of the almost exact balance in which the nitrogenous and non-

nitrogenous constitironts exist in that cereal, and owing to which it is capable of

ministering to all the requirements of the human frame, and of being assimilated at

once and withoiit effort by oiu' organs, whence the name of ' staff of life,' which is

often given to it, wheat being, like milk, a perfect food.

Although gluten is one of the most important constituents of wheat, the nutritive

power of its floiu-, and its vakie as a bread-making material, should not be altogether

considered as dependent upon the qiiantity of gluten it may contain, even though it

bo of the best quality. Doubtless a high per-centage of this material is desirable, but

there are other considerations which must be taken into account; for, in order to

become available for making good bread, floiir, in addition to being sound and genuine,

must possess otlier qualities beyond containing merely a large amount of gluten.

Thus, for example, the bli rouge glace d'Auvergne, which contains hardly 45 per cent,

of starch, and as much as 36 per cent, of gluten, though admirably aclapted for the

manufacture of macaroni, vermicelli, semolina, and other j;a^es d'ltalie, is totally

unfit for maldng good bread ; the flour used for making best white loaves containing

only from 13 to 18 per cent, of gluten, and from 60 to 70 per cent, of starch.

Bread is obtained by baldng a dough, previously fermented either by an admix-

ture of yeast or leaven, or it is artificially rendered spongy by causing an acid,

muriatic or tartaric, to react upon carbonate or bicarbonate of soda, or of ammonia,

mixed in the doughy mass ;
or, is in Dr. Dauglish's process, which will bo described

further on, by mixing the flour which has to be converted into dough, not with

ordinary water, but with water strongly impregnated with carbonic acid.

Although a history of bread making cannot be given in the present article, a

few words on the subject, reproduced from a former edition of this work, will not bo

- deemed uninteresting.
^ ^ e ^ a

Pliny informs us, that barley was the only species of corn at first used for food
;
and

oven after the method of reducing it to flour had been discovered, it was long before

mankind learned the art of converting it into cakes.

Ovens were first invented in the East. Their construction was understood liy the

Jews the Greeks, and the Asiatics, among whom baking was practised as a distinct

profession. In tliis art, the Cappadocians, Lydians, and Phcenicians, .are^ said to liavo

particularly excelled. It was not till about 680 years after the foundation of Eomo

that these artisans passed into Europe. The Roman armies, on tlicir return froni

Macedonia, brought Grecian bakers with them into Italy. As these bakers had

handmills besides their ovens, they still continued to bo called ^;w^orf5, from the ancient

practice of bruising the corn in a mortar; and their bakehouses wore denominated

pistorim. In the time of Augustus there wore no fo^^-cr than 329 public bakehouses

fnEomo; almost the whole of which were in the hands of Greeks, who long con-

tinued the only persons in that city acquainted with the art of balang good bread.

In nothing, perhaps, is the wise and cautious policy of the Eoman government more

remarkably displayed than in the regulations which it imposed on tho bakcTs witbm

the city. To the foreign bakers wlio came to B^mo vath the army from Macedoma.
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ft number of freodmon wove associated, forming together an incorporation from wliich

LSr thev nor tlioir children could separate, and of which even those who married

C laV-htors of bakers wore obliged to become members. Jo this incorporation

vore eutriisted all the mills, utensils, slaves, animals, everything, m short, which

ielon-ed to the former bakehouses. In addition to these, they received considerable

Sons of land; and nothing was withheld which could assist them m pursuing, to

Sio best advantage, their highly prized labours and trade The practice of con-

demning criminal! and slaves, for petty offences, to work in the bakehouse, was still

coTtinufd ; and even the judges of Africa were bound to send thither every five

vears such persons as had incurred that kind of chastisement. The bakehouses were

disti-ibuted throughout the fourteen divisions of the city, and no baker could pass

from one into another without special pei-mission. The public granaries were com-

mitted to their care; they paid nothing for the corn employed in baking bread

that was to be given in largess to the citizens; and the pnce of the rest was regii-

lated bv the magistrates. No corn was given out of these granaries except for the

bakehouses, and for the private use of the prince. The bakers had besides pnvate

eranaries, in which they deposited the grain which they had taken from the public

Granaries for immediate use ; and if any of them happened to be convicted of having

diverted any portion of the grain to another purpose, he was condemned to a ruinous

fine of five hundred pounds' weight of gold.
, ^ , x. i

Most of these regulations were soon introduced among the Gauls ;
but it was long

before they found their way into the more northern countries of Europe. Borrichius

informs us that in Sweden and Norway, the only bread known, so late as the iniddle

of the 16th century, was unleaven cakes kneaded by the women. At what period m
our own history the art of baking became a separate profession, wo have not been

able to ascertain ; but this profession is now common to all the countries in Europe,

and the process of baking is also nearly the same.

The Erench, who particularly excel in the art of baking, have a great many different

kinds of bread. Theirpain bis, or brown bread, is the coarsest kind of all, and is made

of coarse groats mixed with a portion of white flour. The pain de mitdl is a bread

made with rye and barley flour, to which wheat flour is sometimes added also. The

pain bis blanc, is a kind of bread between white and brown, made of white flour and

fine groats. The pain blanc, or white bread, is made of white flour, shaken through

a sieve after the finest flour has been separated. The pain mallet, or soft bread, is

made of the purest flour without any admixture. The pain chaland, or customers'

bread, is a very white kind of bread, made of pounded paste. Fain ckapele, is a

small kind of bread, with a well-beaten and very light paste, with butter or milk.

This name is also given to a small bread, from which the thickest crust has been

removed by a rasp. Pain cornu is a name given by the Erench bakers to a kind of

bread made with four corners, and sometimes more. Of all the kinds of small bread

this has the strongest and firmest paste. Pain a la reine, queen's bread, pain a la

Segovie, pain chapele, and pain cornu, are all small kinds of bread, differing only in

the lightness or thickness of the paste. Pain de gntaii is a small very white bread

made now in Paris, from the flour separated after a slight grinding from the best

wheat. Such flour is in hard granular particles.

In England, however, we have but few varieties of bread, the loaves known under

the names of bricks, Coburg, cottage, and French rolls, being <alL made of the same
dough ; the only difference is in the shape given to them, their various flavours

depending on the way in which they are aflfected by the heat of the oven in the

baking. These loaves are crusted all over because they are deposited in the oven

separate from each other, or baked in moulds made of tinned iron. The batch bread,

the more usual variety, is crusted only at the top and bottom, because the loaves,

which have a cubic form, touch each other in the oven
;
those, however, which lie

round the oven have a crust on three of their sides. The cottage and Erench rolls

are generally made of best flour,—known under the name of whites ;—but batch

broad is made of best flour and of ho^cseholds, or flour of second quality, and of

seconds, which is flour of a third quality—that is, of flour containing more bran than
the other kinds just enumerated.

"We have also ' rye bread,' which is generally made of nothing else than ordinary

wheat flour and bran.

Dr. TJre, in the former edition of this Dictionary, truly remarked, ' The object
of baking is to combine the gluten and starch of the flour into a homogeneous sub-
stance, and to excite such a vinous fermentative action, by means of its saccharine
matter, as shall disengage abundance of carbonic acid gas in it for making an agree-
able, soft, succulent, spongy, and easily digestible bread. The two evils to bo avoided
in baking are, hardness on the one hand and pastiness on the other. Well-made
broad is a chemical compound, in which the gluten and starch cannot be recognised
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or sopjiratod, as before, by a stream of water. When flour is knoadod into a dough,
and spread into a cake, this cake, when baked, will bo horny if it bo thin, or if thiek|
will bo tougli and clammy ; whence we see the value of that forraontativo procesg|
which gonoratoB thousands of little colls in the mass or crumb, each of them dry yet
tender and succulent through the intimate combination of the moisture. By this con.
stitution it becomes easily soluble in the juices of the stomach, or, in otlior words,
light of digestion. It is, moreover, much loss liable to turn sour than cakes made from
unformentod dough.

' Rye, which also forms a true spongy broad, though inferior to that of wheat, consist*
of similar ingredients—namely, 61-07 of starch, 9-48 of gluten, 3'28 of vegetable
albumen, 3-23 of uncrystallisablo sugar, 11-09 of gum, 6-38 of vegetable fibre; the
loss upon the 100 parts amounted to 5"62, including an acid whoso nature the analyst
M. Einhof, did not determine. Rye flour contains also several salts, principally the
phosphates of lime and magnesia. This kind of grain forms a dark coloured bread,
reckoned very wholesome

;
comparatively little used in this country, but very much

in France, Germany, and Belgium.
' Dough, lermonted with the aid either of leaven or yeast, contains little or none of

the saccharine matter of the flour, but, in its stead, a certain portion, nearly half its

weight, of spirit, which imparts to it a vinous smell, and is volatilised in the oven,

whence it might bo condensed into a crude, weak alcohol, on the plan of Mr. Hick's
patent, were it worth while. But the increased complexity of the baking apparatus
will probably provo an effectual obstacle to the commercial success of this project,

upon which a few years ago upwards of 20,000/. sterling were foolishly squandered.
' That tho sugar of the flour is the true element of the fermentation which

dough, undergoes, and that the starch and gluten have nothing to do with it, may bo
proved by decisive experiments. The vinous fermentation continues till the whole
sugar is decomposed, and no longer

;
when, if the process be not checked by the heat

of baking, tho acetous fermentation will supervene. Therefore, if a little sugar bo

added to a flour which contains little or none, its dough will become susceptible of

fermenting, Avith extrication of gas, so as to make spongy succulent bread. But
since this sponginess is produced solely by the extrication of gas and its expansion

in the heat of the oven, any substance capable of emitting gas, or of being converted

into it under those circumstances, will answer the same purpose. Were a solution of

bicarbonate of ammonia obtained by exposing the common sesquicarbonate in powder

for a day to the air, incorporated with the dough, in the subsequent firing it will bo

converted into vapour, and, in its extrication, render the bread very porous. Nay, if

water highly impregnated with carbonic acid gas be used for kneading the dough, the

resulting bread will be somewhat spongy. Could a light article of food be prepared

in this way, then, as the sugar would remain undecomposed, the bread would be so much

the sweeter and the more nourishing. How far a change propitious to digestion takes

place in the constitution of the starch and gluten during the fermentative action of

the dough has not been hitherto ascertained by precise experiments.

' Dr. Colquhoun, in his able essay upon tho art of making bread, has shown that its

texture, when prepared by a sudden formation and disengagement of elastic fluid

generated within the oven, differs remarkably from that of a loaf which has been

made after the preparatory fermentation with yeast. Bread which has been raised

with tho common carbonate of ammonia, as used by tho pastrycooks, is porous no

doubt, but not spongy with vesicular spaces, like that made_ in tlie ordinary way.

The former land of bread never presents that air-cell stratification which is tho boast

of the Parisian baker, but which is almost unknown in London. It is, moreover,

very difficult to expel by tho oven tho last portion of the ammonia, which gives botJi

a tinge and a taste to the bread. The bicarbonate would probably be free from this

objection, which operates so much against the use of the sesquicarbonate.'

—

Urc.

Tho conversion of flour into bread includes two distinct operations
:
namely, the

preparation of the dough and tho baking. The preparation of the dough however,

though reckoned as one, consists, in fact, of three operations :
namely, hydrattng,

Jcneading, andfermeiiiing.
, , . ^ ^ • •

i
•

i

When tho baker intends to make a batch of bread, his first care is, in technical

lanOTage, to stir a ferment. This is done, in London, by boiling a few potatoes in the

proportion of 5 lbs. or 6 lbs. of potatoes per sack of flour (which is the quantity wo

shall assume it is desired to convert into bread), peeling them, mashing and straining

them tlirough a cullender, and adding thereto about three-quarters of a pailful of

water, 2 or 3 lbs. of flour, and one quart of yeast. Tho water employed need

not be warmed beforehand, for tho heat of the potatoes is sufficient to impart a

proper temperature(from 70° to 90°F.)to the liquid mass, which should bo well stirred

up ^th the hand into a smooth, thin, and homogeneous paste and then loft at rest.

In the course of an hour or two, tho mass is scon to rise and fall, which swelling
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nnd hoavinff up is due to carbonic acid, generated by the fermentation induced in the

mTss ^hich may be thus left until Tranted. In about three hours, this fernionting

action will appear to be at an end, and when it has arrived at that stage it is fit

to 1)0 used The ferment, however, may be left for six or seven hours and be still

very -ood'at the end of that time, but the common practice is to use it within four or

five hom-s after its preparation. After this the ferment rapidly becomes sour._

The next operation consists in 'settinff tJw sponffc' This consists in stirring the

ferment well, adding thereto about two gallons of lukewarm water, and as much flour

as ^vill make with lie ferment, a rather stiff dough. This constitutes ' the sponge.

It is kept in a warm situation, and in the course of about an hour fermentation again

begins to make its appearance, the mass becomes distended or is heaved up by the

carbonic acid produced, the escape of which is impeded by the toughness of the mass.

This carbonic acid is the result of the fermentation induced under the influence ot

water by the action of the gluten upon the starch, a portion of which is converted

thereby into sugar, and then into alcohol. A time, however, soon comes when the

quantity of carbonic acid thus pent up becomes so great that it bursts through, and the

Bpono^e collapses or drops down. This is called tU first sponge—Bnt as the fermen-

tation is still going on, the carbonic acid soon causes the sponge to rise again as before

to nearly twice its volume, when the carbonic acid, bursting through the mass, causes

it to fall a second time ; and this constitutes what the bakers call the second sponge. The

rising and falling might then go on for twenty-four hours ; but as the alcoholic would

pass into the acetous fermentation soon after the second rising, the baker always inter-

feres after the second, and very frequently after the first sponge.
_
The bread made from

the first sponge is generally sweeter ; but unless the best flour is used, and even then,

the loaf that is made from it is smaller in size and more compact than that which is made

with the second sponge. In hot weather, however, as there would be much danger of

the bread turning sour, if the sponge were allowed to 'take a second fall,' the first

sponge is frequently used. The next process consists in ' breaking the sponge'^ which is

done by adding to it the necessary quantity of water and of salt,—the quantity of the

latter substance varying from | lb. to | of a pound per bushel of flour ; that is, from

2^ lbs. to 3| lbs. per sack of flour (new flour, or flour of inferior quality, always

re"quires, at the very least, 3i lbs. per sack, to bind it, that is to say, to render the

dough sufficiently firm to support itself while fermenting.) Salt acts, to a great

extent, like alum, though not so powerfully. As to the quantity of water to be used,

it depends also a great deal on the quality of the flour, the best quality absorbing

most
;
though, as we shall have occasion to remark, the baker too often contrives to

force and keep into bread made from inferior flour, by a process called under baking,

the same amount of water as is normally taken up by that of the best quality. Gene-

rally speaking, and witli flour of good average quality, the amount of water is such,

that the diluted sponge forms about 14 gallons of liquid. The whole mass is then

torn to pieces by the hand, so as to break any lumps that there may be, and mix it

up thoroughly wdth the water. This being done, the rest of the sack of flour is

gradually added and kneaded into a dough of the proper consistency. This knead-
ing of the dough may be said to be one of the most important processes of the

manufacture, since it not only produces a more complete hydration of the flour, but,

by imprisoning a certain quantity of air within the dough, and forcibly bringing into

closer contact the molecules of the yeast or leaven with the sugar of the flour, and
also vrith a portion of the starch, the fermentation or rising of the whole mass, on
which the sponginess of the loaf and its digestibility subsequently depend, is secured.

"When by forcing the hand into the dough, the baker sees that, on withdrawing it,

none of the dough adheres to it, ho knows that the kneading is completed. The dough
is then allowed to remain in the trough for about an hour and a half or two hours,
if either brewers' or German yeast have been employed in making the sponge ;—if, on
the contrary, patent yeast or hop yeast have been used, throe or even four hours may be
required for the dough to rise up, or, as in technical language, to give proof. When the
dough is sufficiently 'proofed,' it is weighed of into lumps, shaped into the proper
forms of 4 lbs. 4 oz. each, and exposed for about one hour in an oven to a tempe-
rature of about 570° P., the heat gradually falling to 430 or 420° F. The yield after

Ijaking is 94 quartern (not 4-lb.) loaves, or from 90 to 92 really 41b. loaves, as largo
again as they were when put into the oven in the shape of dough.
The manner in which yeast acts upon the flour—is, as yet, an unsolved mystery,

or at any rate an, as yet, unsatisfactorily explained action ; for the term ' catalysis,'

which has sometimes been applied to it, explains absolutely nothing.

_
A yeast, or fermenting material, may bo prepared in various ways ; but only three

kinds of yeast are used by bakers : namely, brewers' yeast, or barm,—German yoast,—and patent, or hop yeast.

The most active of these ferments is the first, or brewers' yoast ; it is, as is well
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known, a frothy, thickish matorial, of a browniBh or drab colour, -wiiich, when recent,
IS in a stato of slight olForvosconoo, exhales a sour characteristic odour, and has an
acid reaction.

When viewed through the microscope, it is seen to consist of small globules of vari-
ous size, generally ogg-sliapod. Tliey were first described by M. Desmayiores.
The best, and in fact the only, brewers' yoastusod in bread-making is that from the

ale breweries
;
porter yeast is unavailable for the purpose, because it imparts to the

bread a disagreeable bitter taste.

Gcnnan yeast is very extensively used by bakers. It is a pasty but easily crumbled
mass, of an agreeable fruity odour, and of a dingy white colour. German yeast will

remain good for a few weeks, if kept in a cool place. When in good condition, it is an
excellent article ; but samples of it are occasionally seized on bakers' premises, of a

darker colour, viscid, and emitting an oifonsive cheesy odour : such German yeast,

being in a putrefied state, is, of course, objectionable.

The so-called ' j)atent yeast' is the cheapest and at the same time the weakest of

these ferments
; very good bread, however, is made with it, and it is most extensively

used by bakers. It is made either vnth or without hops: when with hops, it is

called hop yeast, and is nothing more than a decoction of hops to which malt is added

while in a scalding hot stato ; when the liquor has fallen to a blood heat, a certain

quantity of brewers' or German yeast is thoroughly mixed -with it, and the whole !••

left at rest. The use of the hops is intended to diminish the tendency of this solution

to become acid.

Potato yeast is a kind of ' patent yeast ' in general use. See Yeast.

The theory of panification is not difficult of comprehension. ' The flour,' says

Dr. Ure, 'owes this valuable quality to the gluten, which it contains in greater

abundance than any of the other cerealia (kinds of corn). This substance does not

constitute, as has been heretofore imagined, the memljranes of the tissue of the

porisperm of the wheat ; but is enclosed in cells of that tissue under the epidermic

coats, even to the centre of the grain. In this respect the gluten lies in a situation

analogous to that of the starch, and of most of the immediate principles of the vege-

tables. The other immediate principles which play a part in panification are par-

ticularly the starch and the sugar ; and they all operate as follows:

—

' The diffusion of the flour through the water hydrates the starch, and dissolves the

sugar, the albumen, and some other soluble matters. The kneading of the dough, by

completing these reactions through a more intimate union, favours also the fer-

mentation of the sugar, by bringing its particles into close contact with those of the

leaven or yeast ; and the drawing out and laminating the dough softens and stratifies it,

introducing at the same time oxygen to aid the fermentation. The dough, when

distributed and formed into loaves, is kept some time in a gentle warmth, in the folds

of the cloth, pans, &c., a circumstance propitious to the development of their volume

by fermentation. The dimensions of all the lumps of dough now gradually enlarge,

from the disengagement of carbonic acid in the decomposition of the sugar, which gas

is imprisoned by the glutinous paste. Were these phenomena to continue too long,

the dough would become too vesicular; they must, therefore, be stopped at the

proper point of sponginess, by placing the loaf lumps in the oven. Though this

causes a sudden expansion of the enclosed gaseous globules, it puts an end to the fer-

mentation, and to their growth ; as also evaporates a portion of the wat«r.

' The fermentation ofa small dose of sugar is, therefore, essential to true breadmaking

,

but the quantity actually fermented is so small as to be alniost inappreciable. It seenis

probable that in well-made dough the whole carbonic acid that is generated remains m
ft amounting to one-half the volume of the loaf itself at its baking temperature, or

212° F It thence results that less than one-hundredth part of the weight of the flour

is all the suear requisite to. produce well-raised bread.
. t

^AlthoiiKe rising of the dough is determined by the carbonic acid resulting from

thei composition of tL sugar, produced by the reaction ofJ^- gluten onjy^-^^

or moist fioiur considering that the quantity of sugar necessary tx) produce lor

menrtion does'not amount,Vobably, to^ore than one-hunjedt^^ weight

of the flour employed, and perhaps to even considerably less Uian that th«^aving

and economy which are said to accrue to the consumer from the
fJ^gJ"^'^

hrpnd rwhich is bread in which the action of yeast is replaced by an artihcial evo

SSarbonic'acS^, S decomposing bicarbonate
f^^^^^ ™ce^^^^^^^^

said before) is therefore much below what it friTC th varTor serious
writers; and is certainly very far

f ^^^P^^^^f/^f'^iich-and it is not the
drawbacks which are peculiar to that kind of biead one

^
w^^^^

least—is its indigestibility, not^athstanding all that may nave

"'JK pamphlet, entitled. "Instructions for making Unfermented Bread, by a Phy-
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Wheat meal .

Bicarbonate of soda

Hydrochloric acid. .

Water
Salt . . .

sician," published in 1846, tho formula recommended for bread made of wheat meal

is as follows :

—

. 3 lbs. ayoirdupois,

. 4| drachms troy.

. 5 fluid drachms and 25 minims, or drops.

. 30 fluid ounces.

. I of an ounce troy.

' Bread made in this manner,' says the author, ' contains nothing but flour, com-

mon salt, and water. It has an agreeable, natural taste, keeps much longer than

common bread, is much more digestible, and much less disposed to turn acid,' &c.

Liebig, in his ' Letters on Chemistry,' very judiciously remarks, ' that the inti-

mate mixture of the saliva with the bread, whilst masticating it, is a condition which
is favourable to the rapid digestion of the starch ; wherefore the porous state of the

flour in fermented bread accelerates its digestioH.'

Now, it is a fact, which can be readily ascertained by anyone, that unfermented
bread is permeated by fluids with difficulty. It will not absorb water, hence its

heavy and clammy feel ; nor saliva, hence its indigestibleness ; nor milk, nor butter.

Unfermented bread will neither make soup, nor toast, nor poultice. When a slice of
ordinary bread is held before a bright fire, a portion of the moisture of the bread, as
tho latter becomes scorched, is converted into steam, which penetrates the interior of
the mass, and imparts to it the sponginess so well known in a toast properly made

;

but if a piece of unfermented bread be treated in the same manner, the steam pro-
duced by the moisture, not being able to penetrate the unabsorbent mass, evaporates,
and the result is an uninviting slice, toasted, but hard inside and out, and into which
butter penetrates about to the same extent as it would a wooden slab of the same
dimensions.

'Fermentation,' says Liebig, 'is not only the best and simplest, but likewise
the most economical way of imparting porosity to bread ; and besides, chemists, gene-
rally speaking, should never recommend the use of chemicals for culinary preparatio7is,
for chemicals are seldom met with in commerce in a state of purity. Thus, for
example, the muriatic acid which it has been proposed to mix with carbonate of soda
in bread is always very impure, and very often contains arsenic. Chemists never
employ such an acid in operations which are certainly less important than the ono
just mentioned, without having first purified it.'

In order to remove this ground of objection, tartaric acid has been recommended
instead of muriatic acid for the purpose of decomposing the carbonate of soda ; but
in that way, another unsafe compound is introduced, since the result of the reaction is
tartrate of soda, a diuretic aperient, and consequently very objectionable salt, for it is
impossible to say what mischief the continuous ingestion of such a substance may
eventually produce

; and whatever may be the divergence of opinion,—if there be such
a divergence,—as to whether or not the constant use of an aperient, however mild, may
be detrimental to health, it surely must be admitted that, at any rate, it is better to
eschew such, to say the least of it, suspicious materials ; and that, at any rate, if
deprecating their use be an error, it is an error on the safe side ;—after all, a bake-
house is not a chemical laboratory.

Before leaving this question of unfermented bread, we must not omit to speak of a
remarkable process invented by Dr. Dauglish, and which has lately excited some
attention. Without discussing the value of the idea which is said to have led Dr.
Daugbsh to invent the process in question, we shall simply describe Dr. Dauglish's
method of making bread, and give his own version of its benefits :

' Tabjig advantage of the well-known capacity of water for absorbino- carbonic
acid, whatever its density, in quantities equal to its own bulk, I first prepare the
water which is to be used in forming the dough, by placing it in a strong vessel
capable of bearing a high pressure, and forcing carbonic acid into it to the extent
ot say ton or twelve atmospheres ' (about 160 to 180 lbs. per square inch) ; ' this the
water absorbs without any appreciable increase in its bulk. The water so prepared
will of course retain the carbonic acid in solution so long as it is retained in a close
vessel under the same pressure. I therefore place the flour and salt, of which
the dough is to be formed, also in a close vessel capable of bearing a high pressure
Within this vessel, which is of a spheroidal form, a simply-constructed kneadine
apparatus is fitted, worked from without through a closely-packed stuffing box Intothis vessel I force an equal pressure to that which is maintained on the aerated water

r^fi' ""n"^
""^^"^ ^ connecting the two vessels, I draw the waterinto tho flour, and set tho kneading apparatus to work at the same time Bv thisarrangement tho water acts simply as limpid water among the flour* the floi,^and water are mixed and kneaded tx)gether kto paste, and to such an extent as shaU
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give it tho necessary tcnacitij. After this is accompliBlied the pressure is released, thegas escapes trom tho water, and in doing so raises tho dough in tho most beautiful and
oxpeditioiis manner. It will bo quite unnecessary for mo to point out how perfectmust bo the meclianical structure that results from this method of raising dough. In
the first place, the mixing and kneading of tho flour and water together, before any
vesicular property is imparted to tho mass, render tho most complete incorporation
01 tlio flour and water a matter of very easy accomplishment ; and this being secured.
It IS evident that the gas which forms the vesicle, or sponge, when it is released, must
bo dispersed through tho mass in a manner which no other method—fermentation not
excepted—could accomplish. But besides tho advantages of kneading the dough
before the vesicle is formed, in tho manner above mentioned, there is another, and
perhaps a more important one, from what it is likely to oflect by giving scope to tho
introduction of new materials into bread maldng,—and that is, I find that powerful
machine-kneading, continued for several minutes, has tho effect of dmparting to the
dough tenacity or toughness. In Messrs. Carr and Co.'s machine, at Carlisle, we
have kneaded some wheaton dough for half an hour, and the result has been that the
dough has been so tough, that it resembled birdlime, and it was with difficulty piilled
to pieces with the hand. Other materials, such as rye, barley, &c. are affected in the
same manner. So that by thus kneading, I am able to impart to dough made from
materials which otherwise would not make light bread, from their wanting that
quality in their gluten which is capable of holding or retaining, the same degree of
lightness which no other method is capable of effecting. And I am sanguine of being
able to make from rye, barley, oatmeal, and other wholesome and nutritious sub-
stances, bread as light and sweet as the finest wheaten bread. One reason why my
process makes a bread so different from all other processes where fermentation is not
followed is, that I am enabled to knead the bread to any extent without spoiling its

vesicular property; whilst all other unfermented breads are merely mixed, not
kneaded. The property thus imparted to my bread by kneading, renders it less
dependent on being placed immediately in tho oven. It certainly cannotgain by being
allowed to stand after the dough is formed, but it bears weU the necessary standing
and waiting required for preparing the loaves for baking.

' There is one point which requires care in my process, and that is,—the baMtiff: as
the dough is excessively cold

;
fixst, because cold water is used in the process ; and'next,

because of its sudden expansion on rising. It is thus placed in the oven some 40°
Fahr. in temperature lower than the ordinary fermented bread. This, together with
its slow springing until it reaches the boiling point, renders it essential that the top

crust shall not be formed until the very last moment. Thus, I have been obliged to

have ovens constructed which are heated through the bottom, and are furnished with
the means of regulating the heat of the top, so that tho bread is cooked through the

bottom; and, just at the last, the top heat is put on and the top crust formed.
' "With regard to the gain effected by saving the loss by fermentation, I may state

what must be evident, that the weight of the dough is always exactly the sum of
the weight of flour, water, and salt put into the mixing vessel : and that, in all our
experiments at Carlisle, we invariably made 118 loaves from the same weight of flour

which by fermentation made only 105 and 106. Our advantage in gain over fer-

mentation can only be equal to the loss by fermentation. As there has been consider-

able difference of opinion among men of science with respect to tho amount of this

loss—some stating it to be as high as 17i per cent., and others so low as 1 per cent.

—

I will here say a few words on the subject. Those who have stated the loss to be as

high as 175 P^^^ cent, have, in support of their position, pointed to the extra yield from
the same flour of bread when made by non-fermentation, compared with that made
by fermentation. "Whilst those who have opposed this assertion, and stated the loss to

be but 1 per cent, or little more, have declared the gain in weight to be simply a

gain of extra water, and have based their calculations of loss on the destruction of

material caused by the generation of tho necessary quantity of carbonic acid to render

the broad light. Starting then with the assumption that light bread contains in bulk

half solid matter and half aeriform, they have calculated that this quantity of aeriform

matter is obtained by a destruction of but one per cent, of solid material. In this

calculation the loss of carbonic acid, by its escape through tho mass of dough during

tho process of fermentation and manufacture, does not appear to have been taken into

account. All who have been in any way practically connected with bakeries well

know how large this loss is, and how important it is that it should be taken into

account, that our calculations may be correct.

' One of the strongest proofs that the escape of gas through ordinary soft bread

dough is very large arises from the fact, that when biscuit dough, in wliich there is a

mixture of fatty matter, is prepared by my process, about half the quantity of gas

only is needed to obtain an equal amount of lightness with dough that is made of flour
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, * t.^^ w,«ffAT nct\nB to Drevent the escape of gas from the dough,

and mter only, the f'^tty mattei achng to^pr^^^^
.^^ ^^^^^

Other matters ^^^'^^\Zfr^^ont-SS bread is only half aeriform matter is

snxall quantiUoj But^he a s^^^^^^^^^^
bo com/eto a method of testing

altogether ^iToneous. Jover ^010^°/^
j l,t bread as that which my pro-

what proportion the aenform bears to tne soi^^^^ ^ Carlisle, has an

cess aMs. The mmng
^^f ^^^^^^ff%5Ss of ^ put into this vessel,

internal capacity of ten bush^l^; ^h
^ H^^^^f^ it isT^te full. And when flour

Ly have always come out heavy bread when
^^^^^^.^^^^J^^^^^ lS?tTread at least

loaves. This gives the relative proportion of aer^™
t^ 10 per cent., without

as 10 to 1, and at once raises the loss by fermenta,tion from 1 to iu P^^ '

taHng int^ account the loss of gas by its passage tl^o^^g^f™^
procei there will

< Of the QuaHtv and properties of the bread manufactured by P'^^'f °„

bread in somewhat richer or more glutinous. This arises from the fact of the

g :te; notSg been changed, or ^endtred soluble, in the manne^^^^^^^^^

mentation • but that this is a good quaHty rather than a bad one is evident ±rom tne

S that the richer and purer^fermLedWd is, the more gl-ti«^^^
f,^'

made from it ; and the poorer and more adulterated with alum it is, the freer the sop,

^'suS^^L''^'ie.ng^isKs plan; and it is impossible to deny that it possesses

^"promThTfE; that, in aU his experiments at Carlisle, Dr. DaugUsh invariably made

118 loaves from the same weight of flour which, by fermentation made only 105 or

106, to argue that the gam over fermentation can only be equal to the loss hy fermenta-

tion, is to draw a somewhat hasty conclusion ; for the gam may be, and is Probably

duo, not to the preservation in the bread of what is generally lost by fermentation,

but simply to a retention of water.
. . j • r. i

It is of course certain that the production of the porosity required m bread pro-

duced by the carbonic acid and alcohol evolved by fermentation, entails the loss ot a

portion of the valuable constituents of the flour, but the amount of that loss should

not be estimated, I tliink, from the proportions which the aeriform bear to the solid

matter of the loaf fl/ife?' if is 6a7«(i.
i * 4.1, j-

In effect, the fermentation induced in bread differs from that produced at tbe dis-

tillery, in as much as, instead of the fermenting material being sheltered from the air

by an atmosphere of carbonic acid, the dough is on the contrary thoroughly permeated

by, and retains a considerable quantity of atmospheric air introduced into it by the

kneading process, and owing to the presence of which, in fact, the acetous fermentation

is carried on to a certain extent, within the dough, simultaneously with the alcoholic

fermentations, so that even the 10 parts of aeriform matter to 1 of solid matter in a

quartern loaf, are not altogether carbonic acid resulting from the fermentation, but

are carbonic acid from that source mixed with the atmospheric air with which the

dough is permeated. On the other hand, the aeriform matter thus imprisoned in the

dough, expands to at least twice its volume when exposed to the temperature of the

oven, and accordingly the bread after breaking becomes as bulky again as the dough

from which it was made, and this doubling of the volume being due to the expansion

of the gases, and not to the fermentation, bears no proportion whatever to the a,mount

of the sugar of the flour employed in the production of the alcohol and carbonic acid

evolved. Moreover, as a quartern loaf, for example, measures about 9 inches by

6'5 inches by 5 inches, making a total of about 292 cubic inches, if we take nine-tenths

of that to be aeriform matter, we have 262-8 inches as the aeriform cubic contents

of the quartern loaf.

It is ascertained beyond doubt by numerous experiments, that genuine, properly

manufactured new bread contains, on an average, 42-6 per cent, of water, and 57"6 of

flour, and consequently a quartern loaf weighing really four pounds,^ would consist of

11,900 grains of water and 16,000 grains of solid matter, 422'5 grains of which aro

1 1 2
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Bait and inorganic matter, tho rest, 15677-6 grains, being starch and gluten. Now aqiiaitern loaf measuring about 9x6-5x6 inches gives a total of 292 cubic inches.Absuming Tvith Dr. DaugUsh, nino-tonths of that to bo aeriform matter, we have 262-8
incnos 01 aeriform cubic contents of a quarton loaf, but as tlio gases expanded in the
ciougn to double their volume during its being baked into a loaf, we must divide by

f.Af^'^ ^"ches above alluded to, which gives 131-4 as the number of cubic inches
01 aenlorm

_
matter contained in tho dough before it went into the oven. Again,

assuming witli Dr. Dauglish that these 131-4 cubic inches consist altogether of
carbomc acid resulting from the fermentation of the flour, they would represent in
weight only 62 grains of that gas, and as 1 equivalent= 198 of sugar produces
4 equivalents = 88 of carbonic acid, it follows that, at most, about 140 grains of sugar
or solid matter out of the 15677-5 of flour in the quartern loaf would have disappeared,
which loss is less than 1 per cent., from which, however, it is necessary to make a
considerable reduction, since a large quantity of air is mixed with that carbonic acid,
and expanded with it in the oven. Unless, therefore, it can be satisfactorily proved
that the unfermented bread manufactured by Dr. Dauglish's process is more nutritious,
weight for weight, or more digestible, or possesses qualities which unfermented bread
has not, or is sold at a reduced price proportionate to the quantity of water thus
locked up and passed off for bread, the benefits and advantages will be all on the
manufacturer's side, but the purchasers of the unfermented bread will make but a
poor bargain of it.

Of all the_ operations connected with the manufacture of bread, the most laborious,
and that which calls most loudly for reform, is that of kneading. The process is usu-
ally carried on in some dark comer of a cellar, where the temperature is seldom less
than 60° F., and frequently more, by a man, stripped naked down to the waist, and
painfully engaged in extricating his fingers from a gluey mass into which he furiously
plunges alternately his clenched fists, heavily breathing as he, struggling, repeatedly
lifts up the bulky and tenacious mass in his powerful arms, and with effort fiings it

down again with a groan fetched from the innermost recesses of his chest, and which
almost sounds like an imprecation.

"We know, on very good and unexceptionable authority, that a certain large bakery
on the borders of a canal actually pumped the water necessary for making the dough
directly and at once from the canal, and this from a point exactly contiguous to the
dischargings of the cesspool of that bakery ! And let us not imagine that this is

a solitary instance of horrible filth. The following memoranda recorded by Dr. Wm.
A. Guy, in his admirable lecture on ' The Evils of Night-work and Long Hours of

Labour,' delivered on Thursday, July 6, 1848, at the Mechanics' Institution, South-
ampton Buildings, -will serve to illustrate the condition of the bakehouses :

—

1. Underground, two ovens, no daylight, no ventilation, very hot and sulphurous.

2. Underground, no daylight, two ovens, very hot and sulphurous, low ceiling, no
ventilation but what comes from the doors. Very large business,

3. Underground, no daylight, often flooded, very bad smells, overrun with rats, no

ventilation.

After mentioning several other establishments in the same, or even in a worse, con-

dition than those just enumerated. Dr. Guy adds

:

' The statements comprised in the foregoing memoranda are in conformity with my
own observations. Many of the basements in which the business of bakingare carried

on are certainly in a state to require the assistance of the Commissioners of Sewers,

and to invite the attention of the promoters of sanitary reform.'

If we reflect that bread, like all porous substances, readily absorbs the air that

surrounds it, and that, even under the best conditions, it should never, on that

account, bo kept in confined places, what must be the state of the bread manufactured

in such a villanous manner, and with a slovenliness greater than it is possible for our

imagination to conceive ? What can prove better the necessity of Government

supervision than such a fact ? The heart sickens at the revolting thought, but after

all there is really but little difference between the particular case of the bakery on the

border of a canal above alluded to, and the mode of kneading generally pursued, and

to which we daily submit.

In tho sitting of the Institute of France, on tho 23rd of January, 1850, the late

M. Arago presented and recommended to the Acad6mie the kneading and baking appa-

ratus of M. Eolland, then a humble baker of the 12th Arrondissement, which, it would

appear, fulfils all the conditions of perfect kneading and baking.

' The kneading machine (pelrin mccaniquc) of M. Eolland,' says Arago, ' is extremely

simple, and can bo easily worked, whenunder a full charge, by a young man from 15 to

20 years old : the necessity for horse-labour or steam-power may thus be obviatod.
_
The

machine ij-gs. 217 to 220) consists of a horizontal axis traversing a trough, containing all
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the doueh requisite for one baking batch, and upon yhich axis a Bystem of cum inoar

nlfornatelv long and short, are placed m such a manner that, while revolving,

tlfbo twoViSrt of cylindrical surfaces with contrary cui-ves. so that the

wJnm of the trough. The axis has a fly-wheel, and is set m motion by two

^ai cog^he^^^^^^^^ ^ththe handle, as represented in the following figures :-

The action of the kneading machine is both easy and*fecacious. In 20, and if

necessary in 15, or even 10 minutes, a sack of flour may be converted into a perfectly

homogeneous and aerated dough, without either lumps or clods, and altogether supe-

rior to any dough than could be obtained by manual kneading. The time required

in kneading varies according to the greater or less density of dough required
;
and

the quantity of dough manufactured in that space of time varies, of course, also with

the dimensions of the kneading-trough ; for instance, in the trough provided with

16 blades, one sack and a half of flour can be kneaded at once ; in that of 14 blades

one sack, and in that of 12 blades two-thirds of a sack.

M. EoUand gives the following instructions for the use of the machine, in order to

impart to the dough the qualities produced by the operations known in France under

the names of frasagc, contrefrasage, and soufflage, which we shall presently describe,

and to which the bread manufactured in that country mainly owes, in the words of

Dr. Ure, ' a flavour, colour, and texture, never yet equalled in London.'

The necessary quantity of leaven or yeast is flrst diluted wi.th the proper quantity

of water, as described before ; and in order to effect the mixture, the crank should be
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made to perform 50 revolutions altornatoly from right to left.—Fras(we is the first
mixture ot the flour with the water. The flour is simply poured into the kneading-
trough, or, bettor stfll, wlion convenience permits it, it is let down from a room above
through a linen hose, which may be shut by folding it up at the extremity.

Three-fourths only of the flour should at first bo jjut into the trough ; the first re-
volutions of the kneader should bo rather rapid, but during the remainder of the
operation the turning should be at the rate of two or throe revolutions a minute,
according to the density of the dough to bo prepared. The dough thereby having
timo to bo well drawn out between the blades, and to drop to the bottom .of the trough.
Prom 24 to 36 revolutions of the crank will generally bo sufficient ; but in order to
obtain the dough in tlie condition wliich iho fr'asage would give it in the usual way, it
will be necessary to make about 2S0 revolutions of tho crank alternately from right
to left, about the sarao number of turns.

Contrefrasage is tho completion of tho process of mixing
;
and, in order to perform

that operation, tho last fourth part of the flour must now be added, the crank turned
160 revolutions, to wit, 75 turns rather slowly, alternately from right to left, and the
remainder at the rate of speed above mentioned.
The operation of Soufflage consists in introducing and retaining air in tho paste.

To effect this, the kneader should be made to perform, during nearly the whole time
occupied in the operation, an almost continuous motion backwards and forwards, by
which means the dough is shifted from place to placo ; five revolutions being made to
the right, and five to the left, alternately, taking care to accelerate the speed a little

at the moment of reversing the direction of the revolving blades.
All these operations are accomplished in twenty or twenty-five minutes.
Of course, the reader should not imagine that these numbers must be strictly

followed, they are given merely as a guide indicative of the Tmdus operandi.
The kneading being completed, the dough is left to rest for some time, and then

divided into lumps, of a proper weight, for each loaf. The workman takes one of
these lumps in each hand, rolls them out, dusts them over with a little flour, and puts
each of them separate in its fanneton ; he proceeds with the rest of the dough in the
same manner, and leaves all the lumps to swell, which, if the flour hava been of good
quality, will take place at a uniform rate. They are then fit for baking, which opera-
tion will bo described presently.

Another kneading trough, said to be very effectual, is that for which Mr. Edwin
Clayton obtained a patent in August 1830. It consists of a rotatory kneading
trough, or rather barrel, mounted in bearings with a hollow axle, and of an interior

frame of cast iron made to revolve by a solid axle which passes through the hollow
one ; in the frame there are cutters diagonally placed for kneading the dough. The
revolving frame and its barrel are made to turn in contrary directions, so as greatly

to save time and equalise the operation. This double action represents kneading
by the two hands, in which the dough is inverted from time to time, torn asunder,

and reunited in every different form. The mechanism wiK be readily understood

from the following description :

—

Fig. 221 exhibits a front elevation of a rotatory kneading trough, constructed

.r . n

k
,

according to improvements specified by the patentee, the barrel being shown in sec-

tion ; a is the barrel, into which the several ingredients, consisting of flour, water, and

yeast, are put, which barrel is mounted in the frame-work h, with hollow axles c and

d, which hollow axles turn in suitable bearings at e; / is the revolving frame which

is mounted in the interior of tho barrel a, by axles g and h. The ends of this revolv-

ing frame are fastened or braced together by means of the oblique cutters or braces

i, which act upon the dough when the machine is put in motion, and thus cause tho

operation of kneading.

Either the barrel may be mado to revolve without tho rotatory frame, or the rota-
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torv frame without the barrel, or both may be made to revolve together but in oppo-

^tl Sav8 These several motions may be obtained by means of the gear-work,

I I- 1 nnd »j as -will be presently described.

'^^THt L dts^ed to haTe the Wolviig motion of the ban-el and rotatory frame

together but in contrary directions, that motion maybe obtained by fastemng the

hoW axle of the wheel nn, by means of a screw t^, to the axle A of the rotatory

framT/tiiht, so as they wiU revolve together, the other wheels and Z being used for

the pipoBe of reversing the motion of the barrel. It will then be found that by

turmnff the handle o, the two motions will be obtained.
^, , ,

K ^t be desired to put the rotatory frame /, only into motion that action w.U be

obteiied by loosening the screw n upon the axle of the wheel when it ^11 be found

E the axle h will be made to revolve freely by means of the winch o without gmng

motion to the wheels k, I, and m, and thus the barrel wiU remain stationary. If the

rotatory action of the barrel be wanted, it will be obtained by turmng the handle^,, at

L reverse end of .the machine, which, although it puts the gear at the opposite end

of the barrel into motion, yet as the hoUow axle of the w;heel m is not fastened to

the axle h by the screw n, these wheels will revolve without carrying round the

^'m'Hot-water Oven Biscuit-baking Company possesses also a good machine with

which 1 cwt. of biscuit dough, or 2 cwts. of bread dough, can be perfectly kneaded m

223

mmwM
o

frrt 1 1-

&H—I— 1—1-
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10 minutes. The machine is an American invention, and of extraordinary simplicity,

for it is in reality nothing more than a large corkscrew, working in a cylinder, by

means of which the dough is triturated, squeezed, pressed, torn, hacked, and finally

agglomerated as it is pushed along. The dough as it issues from that machine can

at once be shaped into loaves of suitable size and dimensions. A machine capable

of doing the amount of work alluded to does not come to more than from to 11. ;

the other forms of kneading machines are likewise inexpensive, so that, in addition to

the economy of time which they realise, there does not seem to be any excuse for re-

taining the abomination of manual kneading.

Among superior and very desirable apparatus for bread-making, there are at any

rate three which fulfil the desiderata above alluded to, in the most complete and
economical manner. One of them is M. Mouchot's aerothermal bakery ; the second

is A. M. Perkins' hot-water oven ; the third is Holland's hot-air oven, with revolving

floors : all three are excellent.

Before proceeding to explain them, a plan and longitudinal section of an ordinary

London baker's oven is given {figs. 222 and 223),

that the reader may be the better able to judge i
i\

of the vast improvement realised by the other

ovens.

a, the body of the oven ;
b, the door

;
c, the

fire-grate and furnace ;
d, the smoke flue

; e, the

flue above the door, to carry off the steam and
hot air, when taking out the bread

; /, recess

below the door, for receiving the dust ; g, damper
plate to shut off the steam flue ; h, damper plate

to shut off smoke flue, after the oven has come
to its proper heat ; i, a small iron pan over the

fire-place c, for heating water ; k, ash-pit below
the furnace.

Fig. 224 is the front view ; the same letters refer to the same object in all tho
figures.

224
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The flame and burnt air of the fire at c, sweeping along the bottom of the oven bvtno r»glit-hand sulo, aro reflected from the back to the loft-hand Bide, and thenw

escape Dy the fluo d. Wlionovor the oven has acquired the proper degree of heat, the
IS withdrawn, the flues are closed by the damper plate, and the lumps of fer-mented dough are introduced.

e r >

225

We shall now give a description not only of the oven, but of the improved bakery,
houlangerie perfectionle, of M. Mouchot.

Fig. 226 is a ground plan of the aerothermal bakehouse : the granaries being in
the upper storeys, are not shown here, b b are the ovens ; c, the kneading machine

;

d, the place where the machinery is mounted for hoisting up the bread into the store

226

room above ; c,va space common to the two ovens, into which the hot air passes
; /,

the place of a wheel driven by dogs, for giving motion to the kneading machine.

Fig. 226 is a longitudinal section of the oven ; A, the grate where coke or even pit-

coals may bo burned ; n b, void spaces which, becoming heated, serve for warming

small pieces of dough in; cc are flues for conducting the smoke, &c., from the fire-
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wlafifl • D seen iixM 227 (a tranBvorse Bection through the middle of the oven), is the

nhimnev for carrying off the smoke transmitted by the flues; be, void spaces imme-

Ztolv over the flues, and beneath the sole ff, of the oven. By this arrangement

the air previously heated, which arrives from the void spaces b through the flues c c,

I— -1

gets the benefit of the heat of the flame -which circulates in these flues, and, after

getting more heated in the spaces ee, ascends through channels into the oven f f,

upon the sole of which the loaves are to be baked or laid. The hot air is admitted

into it through the passages a a, being drawn from the reservoirs b b b, and also

by the passage d d, drawn from the reservoirs e e. The sole is likewise heated

by contact with the hot air contained in the space e e, placed immediately below it.

The hot air, loaded with moisture, issues by the passage b b, and returns directly

into the reservoir b b. g g, an enclosed space directly over the oven, to obstruct the

dissipation of its heat
; ff,

vault of the fire-place. Fig. 228, the kneading machine, a
longitudinal section passing through its axis ; p p, the contour of the machine, made
of wood, and divided into three compartments for the reception of the dough. The
wooden bars o o are so placed in the interior of the compartments, as to divide the

dough whenever the cylinder is made to revolve. One portion, b, of the cylinder may
be opened and laid over upon the other by means of a hinge joint, when the dough and
flour are introduced, a, b, c, the three compartments of the machine, two for making
the dough, and one for preparing the sponge, called levain, or leaven, by the French, a a
is the pulley which receives its motion from the engine, and transmits it to the cylinder

through the pinion b, and the spur-wheel e; dd, the fly-wheel to regulate the motion

;

g, a brake to act upon the fly d, by means of a lever h ; i, the pillar of the fly-wheel.

There is a ratchet-wheel counter for numbering the turns of the kneading machine,
but it cannot be shown in this view ; n, cross-bars of wood, which are easily removed
when the cylinder is opened

;
they divide the dough.

Each of the three compartments of the kneader (fig, 228) ia furnished at pleasure
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witii two bars fixed crosswise, but which may be easily removed, whenever the
cylinder is opened. These bars constitute the solo agents for draAving out the dougli.
In a continuous operation, the leavon is constantly prepared in the compartment a •

with which view there is put into it—

125 kilogrammes of ordinary leaven or yeast.

67 „ . . , flour.

33 „ . . . water.

In all, 225 kilogrammes.

The person in charge of the mechanical kneador shuts down its lid, and sets it

a-going. At the end of about seven minutes ho lioars the bell of the counter sound,
announcing that the number of revolutions has been sufficient to call for an inspection
of the sponge, in regard to its consistence. The cylinder is therefore opened, and
after verifying the right state of the leavon, and adding water to soften, or flour to

stiffen it, he closes the lid, and sets the machine once more in motion. In 10 minutes
more the counter sounds again, and the kneading is completed. The 450 kilo-

grammes of leaven obtained from the two compartments are adequate to prepare
dough enough to supply alternately each of the two ovens. For this purpose 75
kilogrammes of leaven are taken from each of the two compartments a and a', and
placed in the intermediate compartment b. The whole leaven is then 75 + 75 = 150
kilogrammes ; to which are added 100 kilogrammes of flour and. 60 of water= 150,

60 that the chest contains 300 kilogrammes. There is now replaced in each of the

cavities A and a' the primitive quantity, by adding 50 kilogramifies of flour and 25
of water =75.
The cylinder is again set a-going ; and, from the nature of the apparatus, it is

obvious that the kneading takes place at once on the leavens a and a', and on the

paste b; which last is examined after 7 minutes, and completed in 10 more = 17, at

the second sound of the counter-bell.

The kneader is opened, the paste on the sides and on the bars is gathered to the

bottom by means of a scraper. The whole paste of the chest b being removed, 150

kilogrammes of the leaven are taken, to which 150 kilogrammes of flour and water

are added to prepare the 300 kilogrammes of paste destined for the supply of the oven

No. 2. These 75 kilogrammes of leaven from each compartment are placed as before,

and so on in succession.

The water used in this operation is raised to the proper temperature, viz. 25° or

30° C. (77° or 86° F.) in cold weather, and to about 68° F. in the hot season, by
mixing common cold water with the due proportion of water maintained at the tem-

perature of about 160° F., in the basis f, placed above the ovens.

Through the water poured at each operation upon the flour in the compartment b,

there is previously diffused from 200 to 250 grammes of fresh leaven, as obtained from

the brewery, after being drained and -pxessei {German yeast). This quantity is suf-

ficient to raise properly 300 kilogrammes of dough. As soon as this dough is taken

out of the kneader, as stated above, and while the machine goes on to work, the

quantity requisite for each loaf is weighed, turned about on the table d, to give it

its round or oblong form, and there is impressed upon it with the forearm, or roller,

the cavity which characterises cleft loaves. All the lots of dough of the size of one

kilogramme, called cleft loaves {^ainsfendus), are placed upon a cloth, a fold of which

is raised between two loaves, the cloth being first spread upon a board ; which thus

charged with 10 or 15 loaves is transferred to the wooden shelves gg, in front of the

oven. The whole of them rise easily under the influence of the gentle temperature

of this antechamber or foumil. Whenever the dough loaves are sufficiently raised

here, they are put into the oven, a process called enfournement in France ;
which con-

sists in setting each loaf on a wooden shovel dusted with coarse flour, and placing it

thereby on the sole of the oven, close to its fellow, without touching it This opera-

tion is made easy, in consequence of the introduction of a long-jointed gas-pipe and

burner into the interior of the oven, by the light of which aU parts of it may be

minutely examined. The oven flrst is kept moderately hot, by shutting the dampers

;

but whenever the thermometer attached to it indicates a temperature of from 300 to

290° C (672° to 654° F.), the damper or registers are opened, to restore the heat to

its original degree, by allowing of the circulation of the hot air, which rises from the

lower cavities around the fire-place into the interior of the oven.
_

men the baking

is completed, the gas-light, which had been withdrawn, is again introduced into the

oven, and the bread is taken out ; called the process of dcjourncmmi. If the tompcra-

ture have been maintained at about 300° C, the 300 kilogrammes of dough divided

into loaves of one kilogramme (2ilbs. avoirdupois), will be baked in 27 minutes The

charging having lasted 10 minutes, and the discharging as long, the baking of each
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bateh ynll tako up 47 minutes. But on account of accidontal interruptions, an hour

Zv brassi-nod for each charge of 260 loaves of 1 kilogramme each
; being at tho

r^Z nf fl 240 kilogrammes (or 6'75 tons) of bread in 24 hours.

Althou'.'h the outer parts of tho loaves bo exposed to tho radiation of the walls,

Tipftfi,^ tol280° or 300° C, and undergo therefore that kind of caramehsation (charring)

Xch produces the colour, the taste, and the other special characters of the crust yet

tiie inner substance of the loaves, or the crumb, never attains to nearly so high a tem-

perate ; for a thermometer, whose bulb is inserted into the heart of a loaf, does not

indicate more than 100° 0.(21 3° F.)
^. . . ^ ^ . .

Perkins' hot-water oven is an adaptation of that distinguished engineer s stove,

which, as is well known, is a mode of heating by means of pipes full of water, and

hermetically closed ; but with a sufficient space for the expansion of the water in the

Dipes As a means of warming buildings, the invention has already produced the

verv benefical effects which have gained for it an extensive patronage. There is

no doubt but that this novel application entitles the inventor to the warmest thanks

of the public. The following figure (229), represents one of these ovens, a, stove

;

B coil of iron pipe placed in the stove; cc, flow-pipe; d, expansive tube; e, oven

charged with loaves, and surrounded with the hot-water pipes ; f, return hot-water

pipe - G, door of the oven; H, flue for tho escape of the vapours in the oven; i, rigid

bar of iron supporting tho regulating box; J J, regulating box, contaimng three

small levers ; K, nut adjusted so that if temperature of the hot-water pipe is increased

beyond the adjusted point, its elongation causes the nut to bear upon the levers in

the box J, which levers, lifting the straight rod i, shut the damper m of the stove ; n
is an index indicating the temperature of the hot-water pipes.

The oven is flrst built in the ordinary manner of sound brickwork, made very
thick in order to retain the heat. Then the top and bottom of the internal surfaces

are lined with wrought-iron pipes of one inch external diameter, and five-eighths of an
inch internal diameter, and their surface amounts in the aggregate, to the whole
surface of the oven. These pipes are then connected to a coil in a furnace outside

the oven. The coil having such a relative proportion of surface to that which is in

the oven, that the pipes may be raised to a temperature of 650° F., and no more.

This fixed and uniform temperature is maintained by a self-regulating adjustment

peculiar to this furnace, which works with great precision, and which cannot get out

of order, since it depends upon the expansion of the upper ascending pipe close to tho

furnace acting upon three levers connected with tho damper whicla regulates the

draught. The movable nut at the bottom of that expanding pipe being adjusted to

the requisite temperature, that precise temperature is uniformly retained. The
smallest fluctuation in the heat of the water which circulates in the pipes instantly

sets the levers in motion, and the expansion of one thirty-sixth part of an inch is

sufficient to close the damper.
It will bo observed that if the pipes bo heated to 550° F. the brickwork will soon

attain the same temperature, or nearly so, and accordingly the oven will thus possess
double the amount of tho heating surface of ordinary ovons applicable to baking.
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The baking temporaturo of tho ovon is from 420° to 450° F., wliich is ascortainod by
a thermomotor with which tho ovon is provided.
With respect to Rolhiud's oven, Mossiours Boussingault, Payen, and Poncelet, in

their report to tho Institute of Franco ; Gaultior do Glaubry, in a report made in tho
name of tho Committee of Chemical Arts to tho Soci^ti d'Encouragoment ; and the lato

M. Arago, ropresoutod that oven as successfully meeting all tho conditions of salubrity,

cloanlinoBS, and hygiene. Wood, coals, ashes are likewise banished from it, and
neither smoke nor tho heated air of tlie furnace can find access to it. As in Perkins',

the furnace is placed at a distance from tho mouth of tho oven, but instead of con-

veying tho heat by pipes, as in tho hot-water ovon, it is tho smoke and hot air of tlio

furnace which, circulating through fan-shaped flues, ramifying under tho floor and
spreading over the roof of tho oven, impart to it the requisite temperature. The floor

of tho ovon, on which the loaves are deposited, consists of glazed tiles, and it can

thus bo kept perfectly clean. The distinctive character of M. Rolland's ov ;:, how-

ever, is that the glazed tiles just spoken of rest upon a revolving platform which the

workman gradually, or from time to time, moves round by means of a small handle,

and without effort.

Figures 230 to 239 represent tho construction and appearance of M. Kolland's ovon

on a reduced scale.

230. Front elevation.

231. Vertical section through tho

axis of the fire-grate.

232. Ditto, ditto,

233. Elevation of one of the vertical

flues.

234. Suspension of the floors.

235. Plan of tho first floor.

236. Plan of tho sole.

237. Plan of the second floor,

238. Plan of the fire-grato and flues.

239. Plan of tho portion under

ground.

When the oven has to be charged, the workman deposits the first loaves, by means

of a short peel, upon that part of the revolving platform which lies before the mouth

of the oven, and when that portion is filled, he gives a turn with the handle, and

proceeds to put the loaves in the fresh space thus presented before him, and so on

until the whole is filled up. The door is then closed through an opening covered

with glass, and reserved in the wall ofthe oven, which is lighted up with a jet of gas,

or by opening the door from time to time the progress of the baking may be watched
;

if it appears too rapid on one point, or too slow on another, the journeyman can, by

means of the handle, bring tho loaves successively to the hottest part of the oven, and

vice versd, as occasion may require. The oven is provided with a tbormomoter, and,

in an experiment witnessed, the temperature indicated 210° C. = 420° F
,
the balung

of a full charge was completed in one hour and ton minutes, and the loaves ot the

same kind were so even in point of size and colour that they could not bo distm-

eruished from each other. » u i.

The top of the oven is provided with a pan for the purpose of heating the water

necessary for the preparation of the dough, by means of the heat which m aU other

plans (Mouchot's excepted) is lost. The workman should take care to keep always

some water in that pan, for othcr^viso the leaden pipe would melt and occasion

dangerous leaks. For this and other reasons, tho safest plan, however, would be to
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, .-u-. innrlnn Tiitio bv an Irou ono. The said pan should be frequently scoured,

jS^t ecte t£'i^^ -sty Jd spoil the colour of the bread

5r;albatoTxnay bo considered as consisting of four operations: namely, heating

1
4

233

the oven, putting the dough into the OTon, baking, and taking the loaves out of the

even. The general direction given by M. EoUand for each of theso operations are as

follows :

—





When the fii-e is kindled, the door should "be kept perfectly closed, in order to compel

the ctirrent of air necessary to the combustion to pass through the grate, and thence

through the flues under and the dome over the oven. If, on the contrary, the furnace

door -were left ajar, the cold air from -without would rapidly pass over the coals with-

out becoming properly heated, and passing in that condition into the flues would

fail in raising it to the proper temperature. In order that the flame and heated

products of the combustion may pass tlirough all the flues, it is, of course, necessary

to keep them clear by introducing into them once a month a brush made of wire, or

240

whalebone, or those which are now generally used for sweeping the tubes of marine

tubular boilers, and the best of wliich are those patented and manufactured by

Messrs. Moriarty of Greenwich, or How of London. The vertical^ flues which are

built in the masonry are cleared from without or from the pit, according to the natiire

of the plan adopted in building the oven. These flues need not be cleaned more often

than about once in throe months.

Sweeping between the floors should be performed about every fortnight.^

In case of accident or injury to the thermometers, the following directions, which

indeed apply to all ovens, may enable the baker to judge of the temperature of his

ovon. If, on throwing a few pinches of flour on the tiles of the oven, it remains

white after the lapse of a few seconds, the temperature is too low ; if, on the contrary,

the flour assumes a deep brown colour, the temperature is too high ; if the flour turns

yellowish, or looks slightly scorched, the temperature is right.

The baking in EoUand's oven takes place at a temperature varying from 410° to

432° F. according to the nature and size of the article intended to be baked. During
the baking, the revolving floor is turned every ten or twelve minutes, so that the
loaves not remaining in the same place the balang becomes equal tliroughout.

As to the Lot-water oven, a few establishments only have as yet adopted it in England

;
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fZ^Mts ouuL^tr^' Biscuit-baking Company,' on ^hoso premises

namLf NeSnn ^/ •
establishment is that of a baker of the

toin o;eor two^n^n^^^^'"^ ^^^^ by having been alluded

Th« 7.!, .-7
*^^^°ological publications or dictionaries.

extent imon ^^."^ ^^''!' ^° ^ of flour depends to a great

wheat Xeh S^^'""" ''^'^^ ^^^"^ is made'^contains, but the

a flonrTl
proportion of nitrogenous matter does not yield so light

tlm? Sm nl"^.''^''?f ^reat number of determinations it is found

1 0 to 1 S ir \ contained m the flour to make best i^hite bread ranges from

WO-? ri?;t IV' '^^"^^ ^ P'''- ranging

flnJ^ w^^^v'^^'oLP^f
''^ bread making, London bakers reckon that 1 sack of such a

bS ^1^"^!,^^^ 7"^^ T}' "'^^ quartern) of pure genuine

loaves I
^ °^ '^^^ '"^y yield him 94 or even 96 quartern (not4-lb.)

Prom this account it may be easily imagined that if the baker could succeed in dis-posing at once of aU the loaves of his day's baking either by sale at his shop, or, still
better, by delivery at his customers' residences, such a business T^ould indeed bo a
profitable one commercially speaking, for on that day he would sell from 28 to 34 lbs,
ot Tv^ator at the price of bread, not to speak of the deficient T^'eight.
As to those bakers Tvho, by underbaking, or by the use of alum, or by the use of bothalum and underbaking, manage to obtain 96, 98, 100, or a still larger number of

loaves from inferior flour, or material, their profit is so reduced by the much lower
price at which they are compelled to seU their sophisticated bread, that their tamper-
ings avail them but little ; their emphaticaUy hard labour yields them but a mere
pittance, except their business be so extensive that the small profits swell up into a
large sum, m which case they only jeopardise their name as fare and honest tradesmen.

liooking now at the improved ovens, of which we have been speaking merely in an
econonucal point of view, and abstractedly from aU other considerations, the profits
realised by their use appears to be well worth the baker's attention. But as with the
improved ovens the economy bears upon the wages and the fuel, the advantages are
much less considerablem a small concern than in a large one. Thus the economy which,
upon 12 sacks of flour per week, would scarcely exceed 20 shillings upon the whole,
would, on the contrary, assume considerable proportions in establishments baking from
60 to 100 sacks per week.
The richness or nutritive powers of sound flour, and also of bread, are proportional

to the quantity of gluten they contain. It is of great importance to determine this
point, for both of these objects are of enormous value and consumption; and it may
be accomplished most easily and exactly by digesting in a water-bath, at the tempe-
rature of 167° F., 1,000 grains of bread (or flour) with 1,000 grains of bruised
barley malt, in 5,000 grains, or in a little more thon half a pint, of water. When this
mixture ceases to take a blue colour from iodine (that is, when all the starch is con-
verted into a soluble dextrine), the gluten left unchanged may be collected on a filter

cloth, washed, dried at a heat of 212° F., and weighed. The colour, texture, and taste
of the gluten ought also to be examined, in forming a judgment of good flour or bread.
The question of the relative value of white and brown bread, as nutritive agents,

is one of very long standing, and the arguments on both sides may be thus resumed.
The advocates of brown bread hold :

—

That the separation of the white from the brown parts of wheat grain, in making
bread, is likely to be baneful to health

;

That the general belief that bread made with the finest flour is the best, and that
whiteness is a proof of its quality, is a popular error

;

That whiteness may be, and generally is, communicated to bread by alum, to the
injury of the consumer

;

That the miller, in refining his flour, to please the public, removes some of the
ingredients necessary to the composition and nourishment of the various organs of our
bodies ; so that fine flour, instead of being better than the meal, is, on the contrary,

less nourishing, and, to make the case worse, is also more difficult of digestion, not to

speak of the enormous loss to the population of at least 26 per cent, of branny flour,

* It is absolutely necessary thus to establish a distinction between four pounds and quartern loaves,

because the latter very seldom indeed have that iveight, and this deficiency is, in fact, one of the
profits calculated upon ; for although the Act of Parliament (Will. IV. c. xxxvii.) is very strict, and
directs (sect, vii.) that bakers delivering bread by cart or carriage shall be provided mth scales,

weights, &c., for weighing bread, this requisition is seldom, if ever, complied with.

There are of course a few b.ikers whoso quartern loaves weigh exactly four pounds, but many
are from four to six ounces short.
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containing from 60 to 70 per cent, of the most nutritious part of the flour, a loss which,

for London only, is equal to at least 7,500 sacks of flour annually ;

That the umvise preference given so universally to white bread, leads to the per-

nicious practice of mixing alum with the flour, and this again to all sorts of im-

positions and adulterations ; for it enables the bakers who are so disposed, by adding

alum, to make bread manufactured from the flour of inferior grain to look like the

best and most costly, thus defrauding the purchaser and tampering with his health.

On the other side, the partisans of white bread contend, o/ course, that all these

assertions are without foundation, and their reasons were summed up as follows in

the Bakers^ Gazette, in 1849 :

—

' The preference of the public for white bread is not likely to be an absurd pre-

judice, seeing that it was not until after years of experience that it was adopted by
them.

' The adoption of white bread, in preference to any other sort, by the great body of

the community, as a general article of food, is of itself a proof of its being the best

and most nutritious.

' The finer and better the flour, the more bread can be made from it. Pifty-six

pounds of fine flour from good wheat will make seventy-two pounds of good, sound,

well-baked bread, the bread, having retained sixteen pounds of water. But bran,'

either fine or coarse, absorbs little or no water, and adds no more to the bread than
its weight.'

And, lastly, in confirmation of the opinion that white bread contains a greater

quantity of nutriment than the same weight of brown bread, the writer of the article

winds up the white bread defence with a portion of the Keport of the Committee of
the House of Commons, appointed in 1800, 'to consider means for rendering more
effectual the provisions of 13 Geo. III., intituled " An Act for the better regulating the
Assize and making of Bread."

'

In considering the propriety of recommending the adoption of further regulations
and restrictions, they understood a prejudice existed in some parts of the country
against any coarser sort of bread than that which is at present known by the name
of ' fine household bread,' on the ground that the former was less wholesome and
nutritious than the latter. The opinions of respectable physicians examined on this
point are,—that the change of any sort of food which forms so great a part of the
sustenance of man might for a time affect some constitutions ; that as soon as persona
were habituated to it, the standard wheaten bread, or even bread of a coarser sort,
would be equally wholesome with the fine wheaten bread which is now generally
used in the metropolis ; but that, in their opinion, the fine wheaten bread would go
farther with persons who have no other food than the same quantity of bread of a
coarser sort.

It was suggested to them that if only one sort of flour was permitted to be made,
and a different mode of dressing it adopted, so as to leave in it the fine pollards,
52 lbs. of flour might be extracted from a bushel of wheat weighing 60 lbs., instead
of 47 lbs., which would afford a wholesome and nutritious food, and add to the quan-
tity 5 lbs. in every bushel, or somewhat more than |th. On this they remarked, that
there would be no saving in adopting tliis proposition ; and they begged leave to
observe, if the physicians are well founded in their opinions, that bread of coarser
quality will not go equally far with fine wheaten bread, and increased consumption
of wheaten bread would be the consequence of the measure.
From the baker's point of view, it is evident that all his sympathies must be in

favour of the water-absorbing material, and therefore of the fine flour ; for each pound
of water added and retained in the bread which he sells represents this day so many
twoponces

; but the purchaser's interest lies in just the opposite direction.
The question, however, is not, in the language of the Committee of the House of

Commons of those days, or of the physicians whom they consulted, whether a given
weight of wheaten bread will go farther than an equal weight of bread of a coarset
sort

;
nor whether a given weight of pure flour is more nutritious than an equal

weight of the meal from the same wheat used in making brown bread. The real
question is,

—

Whether a given weight of wheat contains more nutriment than theixotjk'
obtained from that weight of wheat.
The inquiry of the Committee of the House of Commons, and the defence of white

bread versus brown bread, resting as it does, in this respect, upon a false ground, is
therefore perfectly valueless ; for whatever may have been the opinion of respectable
physicians and of Committees, either of those days or of the present times, one thing is
certain—namely, that bran contains only 9 or 10 per cent, of woody fibre, that is of
matter devoid of nutritious property; and that the remainder consists of a larger pro-
portion of gluten and starch, fatty, and other highly nutritive constituents, with a few
salts, and water, as proved by the following analysis by Millon •

Vol. I. K K
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Composition of Wheat Bran.

Starch 52-0

Gluten 14-9

Sugar 1"0

Patty matter 3-6

Woody „ 97
Salts 6-0

Water 13-8

100-0

And it is equally certain that -wheat itself—tho whole grain—does not contain

more than 2 per cent, of unnutritious, or "woody matter, the bran being iteelf

richer, -weight for -weight, in gluten than the fine flour ; the whole meal containg,

accordingly, more gluten than the fine flour obtained therefrom. The relative pro-

portions of gluten in the whole grain, in bran, and in flour of the same sample of

wheat, were represented by tho late Professor Johnston to be as follows :—

Gluicn of Wheat

Whole grain 12 per cent.

Whole bran 14 to 18 „ „

Fine flour • • • • • • • 10 „ ,,

Now, whereas a bushel of wheat weighing 60 lbs. produces, according to the mode of

manufacturing flour for London, 47 lbs.—that is, 78 per cent, of flour, the rest being

bran and pollards ; if we deduct 2 per cent, of woody matter, and li per cent, for

waste in grinding at the mill, the bushel of 60 lbs. of wheat would yield 68 lbs., or

at least 96| per cent., of nutritious matter.

It is, therefore, as clear as anything can possibly be, that by using the whole meal

instead of only the flne flour of that wheat, there will be a difference of about ith

in the product obtained from equal weights of wheat.

In a communication made to the Eoyal Institute nearly four years ago, M. M^ge

Moimfes announced that he had found under the envelope of the grain, m the internal

part of the perisperm, a peculiar nitrogenous substance capable of acting as a ferment,

and to which he gave the name of ' cerealine.' This substance, which is found

whoUy, or almost so, in the bran, but not in the best white flour, has the property of

liquefvins starch, very much in the same manner as diastase ;
and the decreased ten-

ness of the crumb of brown bread is referred by him to this action The coloration

of bread made from meal containing bran is not, according to M. Mfege Mounte, due,

as has hitherto been thought, to the presence of bran; but to the pecuhar action oi

cerealin : this new substance, like vegetable casein and gluten, being by a shght modi-

fication, due perhaps to the contact of the air, transformed into a ferment, under the

influence of which the gluten undergoes a great alteration, yielding, among other

products, ammonia, a brown-coloured matter analogous to ulmine and a mtrogenous

product Capable of transforming sugar into lactic acid. M. mge Mounts hav^g

experimentally established, to the satisfaction of a "tt^^^^^^jt^^J^^S
Chevreul, Dumas, Pelouze, and Peligot, that by paralysing or destroying the action

of cSeS n as described in the specification of his patent, bearing date June 14

f856,S; bread, having all the 'characters of ^-t-quality bi.^^^^^

thelkneuaeeof the said specification, 'w^th using either aU the white or raw eie

ments tS^nstitute either corn or rye, or with such substances as could produce, to

'''cerSiracSnrtoM. M%e Mouries, has two very <iif P-Pf^

first SnSts in converting the hydrated starch into glucose and dextnne; the second.

from inferior flour.
*„^-r,ooomiq Riibstanco of wheat into white

In order to convert the whole of tho
'^^^^^^ series of

bread, it is therefore necessary to destroy the ^or^^^
'

^^^^^^ Mouries in

processes, by which this as accomphshod, is thus descnbea py ^

^^^.iKSngTrethemeansIemploy ^^^^^^^
•1st. The application of ^nous f^^^^.^^^^'^"' .F^^ ^vith tho frag-

yeast, to destroy the ferment that I call cdrdalino existing, vo^
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mentfl of bran, in tho raw flour, and which in some measure produces the acidity of

brown bread directly, whilst it destroys indirectly most part of the gluten.

' 2ndly Tho thorough purification of the said flour, either raw or mixed with

bran (after dilution and fermentation,) by the sifting and separating of the farina-

ceous liquid from the fragments of bran disseminated by the millstone into tho in-

ferior products of corn.
, . , 1 J • XT, t, v. *

Srdly The employing that part of corn producing brown bread in the rough state

as issuing from the mill after a first grinding, in order to facilitate its purification by

fermentation and wet sifting.

' 4thly. The employing an acidulated water (by any acid or acid salt) m order to

prevent the lactic fermentation, preserving the vinous fermentation, preventing the

yellow colour from turning into a brown colour (the ulmic acid), and the good tast6

of corn from assuming that of brown bread. However, instead of acidulated water,

pure water may be employed with an addition of yeast, as the acid only serves to

facilitate tho vinous fermentation,
' othly. The grinding of the corn by means of millstones that crush it thoroughly,

increasing thereby the quantity of foul parts, a method which will prove very bad

with the usual process, and very advantageous with mine.
' 6thly. The application of corn washed or stripped by any suitable means.

_

• 7thly. The application of all these contrivances to wheat of every description, to

rye, and other grain used in the manufacture of bread.

' 8thly. The same means applied to the manufacture of biscuits.

• I will now describe the manner in which the said improvements are carried into

effect.

' First Instance. When flour of inferior quality is made use of.—This description of

flour, well known in trade, is bolted or sifted at 73, 74, 75, or 80 per cent, (a mark
termed Scipion mark in the French War Department), and yields bread of middle

quality. By applying to this sort of flour a liquid yeast, rather different from that

which is applied to white flour, in order to quicken the work and remove the sour

taste of bread, a very nice quality will be obtained, which result was quite unknown
to everybody to this day, and which none ever attempted to know, as none before me
was aware of the true causes that produce brown bread, &c.

' Now, to apply my process to the said flour (of inferior mark or quality) I take a
part of the same—a fourth part, for instance—^whicli I dilute with a suitable quantity

of water, and add to the farinaceous liquid 1 portion of beer yeast for 200 portions of

water, together with a small quantity of acid or acid salt, sufficient to impart to the

said water the property of lightly staining or reddening the test-paper, known in

France by the name of papier de tourncsol. When the liquid is at full working, I
mix the remaining portions of flour, which are kneaded, and then allowed to ferment in

the usual way. The yeast applied, which is quite alcoholic, will yield perfectly white
bread of a very nice taste ; and I declare that if similar yeast were ever commended
before, it was certainly not for the purpose of preventing the formation of brown
bread, the character of which was believed to be inherent to the nature of the very
flour, as the following residt will sufficiently prove it, thus divesting such an applica-
tion of its industrial appropriation.

' Second Instance. When raw flour is made use of.—By raw flour, I mean the corn
crushed only once, and from which 10 to 15 per cent, of rough bran have been sepa-
rated. Such flour is still mixed with fragments of bran, and is employed in trade to

tho manufacture of so-called white flour and bran after a second and third grinding
or crushing. Instead of that, I only separate, and without submitting it to a fresh
crushing, the rough flour in two parts, about 70 parts of white flour and 15 to 18 of
rough or coarse flour, of which latter the yeast is made ; this I dilute with a suitable
quantity of water, sufficient to reduce the wholo flour into a dough, say, 60 per cent,

of tho whole weight of raw flour. To tliis mixture have been previously added the
yeast and acid, (whenever acid is applied, which is not indispensable, as before

stated), and the whole is allowed to work for 6 hours at a temperature of 77° F,
for 12 hours at 68°, and for 20 hours at 59°, thus proportionally to tho temperature.
While this working or fermentation is going on, the various elements (cdr^aline, &c.)
which by their peculiar action aro productive of brown bread, have undergone a
modification ; the rough parts are separated, the gluten stripped from its pellicles

and disaggregated, and the same flour which, by the usual process, could have only
produced deep brown broad, will actually yield first-rate bread, far superior to that
Bold by bakers, chiefly if the fragments of bran are separated by tho following process,
which consists in pouring on the sieve, described hereafter, tho liquid containing
tho rough parts of flour thus disaggregated and modified by a well-regulated fermen-
tation,

' Tho eiovQ alluded to, which may bo of any form, and consist of Boveral tissues of
K K 2
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different tightness, the closest being over arranged underneath or the most forward,
whou the sieve is of cylindrical or vertical form, is intended to keep back the frag-
ments of bran, which would by their interposition impair the whiteness of bread,
and by their weight diminish its nutritive power. The sifted liquid is white, and
constitutes the yeast -with which the -white flour is mixed after being separated, so as
to make a dough at either a first or several workings, according to the baker's prac-
tice. This dough works or ferments very quickly, and the bread resulting therefrom
is unexceptionable. In case the -whiteness or neatness of bread should bo looked upon
as a thing of little consequence, a broader sieve might be employed, or oven no sieve
«sed at all, and yet a very nice broad be obtained.

' The sa-ring secured by the application of my process is as follows ;—By the
common process, out of 100 parts of wheat, 70 or 75 parts of flour are extracted,
which are fit to yield either -white or middle bread

;
whilst, by the improved process,

out of 100 parts of -wheat 85 to 88 parts -will be obtained, yielding bread of superior
quality, of the best taste, neatness, and nutritious richness.

'In case new yeast cannot be easily provided, the same should be dried at a
temperature of about 86° P., after being suitably separated by means of some
inert dust, and pre-dous to being made use of it should be dipped into 10 parts of
water, lightly s-weetened, for 8 to 10 hours, a fit time for the liquid being brought
into a full fermentation, at -which time the yeast has recovered its former power.
The same process -will hold good for manufacturing rye bread, only 25 per cent.,

about, of coarse bran are to be extracted. For manufacturing biscuits, I use also the
^ame process, only the dough is made very hard and immediately taken into the
oven, and the products thus obtained are far superior to the common biscuits, both for

their good taste and preservation. Should, however, an old practice exclude all

manner of fermentation, then I might dilute the rough parts of flour in either acidu-

lated or non-acidulated water, there to be left to -work for the same time as before,

then sift the -water and decant it, after a proper settling of the farinaceous matters
of which the dough is to be made ; thus the action of the acid, decantation, and sifting,

-would effectively remove all causes of alteration, -which generally impair the biscuits

made of inferior flour.

' The apparatus reqidred for this process is very plain, and consists of a kneading
trough, in which the foul parts are mixed mechanically, or by manual labour, -with

the liquid above mentioned. From this trough, and through an opening made therein,

the liquid mixture drops into the fermenting tub, deeper than -wide, -which must be

kept tightly closed during the fermenting -work. At the lower part of this tub a
cock is fitted, -which lets the liquid mixture do-wn upon an incline plane, on which the

liquid spreads, so as to be equally distributed over the whole surface of the sieve.

This sieve, of an oblong rectangular form, is laid just beneath, and its tissue ought

to be so close as to prevent the least fragments of bran from passing through ; it is

actuated by the hand, or rather by a crank. In all cases that part of the sieve which

is opposite to the cock must strike upon an unyielding body, for the purpose of

shaking the pellicles remaining on the tissue, and driving them down towards an

outlet on the lower part of the sieve, and thence into a trough purposely con-

trived for receiving the waters issuing from the sieve, and discharging them into a

tank.
' The next operation consists in diluting those pellicles, or rougher parts, wliich

could not pass through the sieve, sifting them again, and using the -white -water re-

sulting therefrom to dilute the foul parts intended for subsequent operations. The

sieve or sieves may sometimes happen to be obstructed by some parts of gluten ad-

hering thereto, -which I -wash off -with acidulated water for silk tissues, and -with an

alkali for metallic ones. This -washing method I deem very important, as its nop-

application may hinder a rather large operation, and therefore I -nish ta secure it.

This apparatus may be liable to some variations, and admit of several sieves super-

posed, and -with different tissues, the broadest, however to be placed uppermost.

' Among the various descriptions and combinations of sieves that may be employed,

the annexed figures show one that -will give satifactory results.

'Fiff. 241 is a longitudinal section, andjig. 242 an end -new, of the machine from

which the bran is ejected. The apparatus rests upon a cast-iron framing a, consist-

ing of two cheeks, kept suitably apart by tie pieces b ; a strong cross-bar on the

upper part admits a wood cylinder c, circled round with iron, and provided -with a

wooden cock d. The cylinder c receives through its centre an arbor /, pro-vided

with four arms c, which arbor is supported by two cross-bars 5- and /«, secured by

means of bolts to the uprights i. Motion is imparted to the arbor/by the crank j, by

pulleys driven by the endless straps k, and by the toothed wheel ^, gearing into the

wheel m, which is keyed on the upper end of the arbor /. Beneath the cylinder c,

two sieves n and 0 are borne into aframe;?, suspended on one end to two chains q,
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and on the other resting on two guides or bearings r, beneath which and on the

Sink shaft are cams s, by which that end of the frame that carnes the sieves is

Se7nately raised and lowered. A strong spring « is set to a shaft borne by the

fraSg / Whilst a ratchet wheel provided with a clink allows the said spring,

242

according to the requirements of the work, to give.more or less impulse or shalang

as the cams s are acting upon the frame-sieve carrying the sieve. Beneath the

said frame a large hopper t is disposed, to receive and lead into a tank the liquid

passing through the sieves. The filter sieve is worked as follows :—After withtow-

ing, by means of bolting hutches, 70 per cent., about, of fine flour, I take out of the

remaining 30 per cent, about 20 per cent, of groats, neglecting the remaining 10 per

cent , from which, however, I could separate the little flour still adhenng thereto,

but I deem it more available to sell it off in this state. I submit the 20 per cent, of

groats to a suitable vinous fermentation, and have the whole taken into the cylinder c,

there to be stirred by means of the arbor/and the arms e; after a suitable stimng,

the cock d is opened and the liquid is let out, spread on the uppermost sieve n, which

keeps back the coarsest bran. The liquid drops then into the second sieve or filter o,

by which the least fragments are retained ; the passage of the liquid through the

filters is quickened by the quivering motion imparted by the cams s to the frame

carrying the sieve.'

The advantages resulting from such a process are obvious : first, it'would appear

—

and those experiments have been confirmed by the committee of the Acad6mie des

Sciences, who had to report upon them—that no less than from 16 to 17 per cent, of

white bread of superior quality can be obtained from wheat, which increase is not due

to water, as in other methods, but is a true and real one, the Commissioners having

ascertained that the bread thus manufactured did not contain more -water than that

made in the usual way, their comparative examinations in this respect having given

the following results :

—

Loss by drying in Air.

Crumb Crust

Old method ..... 37-8 . . 12-0 per cent.

New method 37-5 . . 14-0 „

Difference .... 00-3 . . 2-0 „

Another experiment by Peligot :

—

Loss by drying in Air at 248° F.

Crumb and Oruef

New method 34-9 per cent.

Old method . . . . . • 34"1 „

Difference GO'S
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Since tho onrolmenb of his Spociflcation, howovor, M. MJgo Mourifes has made

^° ^"^Fovement, which simplifios considorably his original process, according to
which tho destruction of tho coroalin, as wo saw, was effected by ordinary yeast ; that
IS to say, by alcoholic fermentation. Tho last improvement consists in preventing
ceroalin from becoming a lactic or glucosic ferment, by precipitating it with common
salt, and not allowing it time to become a ferment. In effect, in order that cerealin
may produce tho objectionable effects alluded to, it must first pass into tlie state of
ferment, and, as all nitrogenous substances require - a certain time of incubation to
become so,' if, on tho ono hand, cerealin bo precipitated by means of common salt,
the glucosic action is neutralised

;
whilst, on the other hand, tho levains being made

with flour containing no cerealin—that is to say, with best white flour—if a short time
beforo balcing households or seconds are added thereto, it is clear that time will bo
wanting for it (the ferment) to become developed or organised, and that, under this

treatraoiit, the bread will remain white.

Tho application of these scientific deductions will bo bettor understand by the fol-

lowing description of the process :

—

100 parts of clean wheal aro ground and divided as follows

:

Best whites for leaven 40-0

White groats, mixed with a few particles of bran . 38'0

White groats, mixed with a larger quantity of bran . 8'0

Bran (not used) 16-6

Loss 0'6

102-0

These figures vary, of course, according to the kind of wheat used, according to

seasons, and according to the description of mill and the distance of the millstones

used for grinding.
' In order to convert these products into bread,' says M. M^ge Mouri^s, ' a

leaven is to be made by mixing the 40 parts of best flour above alluded to, with 20

parts of water, and proceeding with it according to the mode and custom adopted in

each locality. This leaven, no matter how prepared, being ready, tho 8 parts of groats

mixed with the larger quantity of bran above alluded to, aro diluted in 45 parts of

water in which 0"6 parts of common salt have been previously dissolved, and the

whole is passed through a sieve which allows the floiu- and water to pass through, but

retains and separates the particles of bran. The watery liquid so obtained has a white

colour, is flocculent, and loaded with cerealin ; it no longer possesses the property of

liquefying gelatinous starch, and weighs 38 parts (the remainder of the water is

retained in the bran, which has swelled up in consequence, and remains on the sieve).

Tho leaven is then diluted with that water, which is loaded with best flour, and is

used for converting into dough the 38 parts of white groats above alluded to ; tho

dough is then divided into suitable portions, and after allowing it to stand for one

hour, it is flnally put in the oven to be baked. As the operations just described take

place at a temperature of 25° C. ( = 77° F.), tlie one hour during which the dough is

left to itself, is not snfficient for tho cerealin to pass into the state of ferment, and the

consequence is the production of white bread. Should, however, the temperature bo

higher than that, or were the dough allowed to be kept for a longer time beforo

baking, the bread produced, instead of being white, would be so mucJi darker, as the

contact would have lasted longer. By this process, 100 parts in weight of wheat

yield 136 parts of dough, and, finally, 115 parts in weight of bread ' instead of 100,

which the same quantity of wheat would have yielded in the usual way._ This is

supposing that tho grinding of the wheat has been effected with close set millstones r

if ground in the usual manner, the average yield does not exceed 112 parts in weight

The substances which are now almost exclusively employed, for adulterating bread

aro, water, alone or incorporated with rice, or waiter and alum : other substances, how-

ever, are or have been also occasionally used for tho same purpose.
_ _

This retention of water- into bread is secured by underbaking, by tho introduction

of rice, of potatoes, and other feculse, and of alum.
, /. xi, * i,. i

Underbaking is an operation which consists of keeping in tho loaf the water which

otherwise would escape while baking; it is, therefore, a process for seUmg water at

tho price of bread. It is done by introducing tho dough into an oven unduly heated,

whereby the gases contained in tho dough at once expand, and swell it up to the

ordinai7 dimensions, whilst a deep burnt crust is immediately afterwards formed;

» Oommunlcatlon of M. M6go Mourl6s to tho AcadCmlo dos Scicuces, January 1858.



BREAD 603

which inasmuch as ifc is a bad conductor of heat, prevents the mtenpr of the loaf

fmm b6in£? thorouglily baked, and at the same time opposes the free exit of the water

contained in the dough, and which the heat of the oven partly converts into steam

;

while the crust becomes thicker and darker than it otherwise should be, a sensible

loss of nutritive elements being sustained, at the same time, m the shape of pyrogenous

products, which are dissipated.
, , , . . , .

,

The proportion of water retained in bread by underbaking is sometimes so lajge,

that a baker may thus obtain as much as 106 loaves from a sack of flour
_

The addition of boiled rice to the dough is also pretty frequently used to increase

the yield of loaves ; this substance, in fact, absorbs so much water that as many as

116 quartern loaves have thus been obtained from one sack of flour.
_

. From a great number of experiments made with a view to determine the normal

quantity of water contained in the crumb of genuine bread, it is ascertained that it

amounts, in new bread, from 38 at least to at most 47 per cent.

The quantity of water contained in bread is easily determined, by cutting a slice

of it weighing 500 grains, for example, placing it in a small oven heated, by a gas-

burner or a lamp, to a temperature of about 220° F., until it no longer loses weight,

the difference between the first and last weighing (that is to say, the loss) indicating,

of course, the amount of water.
j , , i ? j

Alum, however, is the principal adulterating substance used by bakers, almost

without exception, in this metropolis ; as was proved by Dr. Normanby in his evidence

before the Select Committee of the House of Commons, appointed in 1855, under

the presidence of Mr. W. Scholefield, to inquire into the adulteration of food, drinks,

and drugs, which assertion was corroborated and
_
established beyond doubt by the

other chemists who were examined also on the subject.

The introduction of alum into bread not only enables the baker to give to bread

made of flour of inferior quality the whiteness of the best bread, but to force and

keep in it a larger quantity of water than could otherwise be done. We shall see

presently that this fact has been denied, and on what grounds.

The quantity of alum used varies exceedingly; but no appreciable effectis produced

when the proportion of alum introduced is less than 1 in 900 or 1,000, which is at the

rate of 27 or 28 grains in a quartern loaf. The use of alum, however, has become so

universal, and the Act of Parliament which regulates the matter has so long been

considered as a dead letter, from the trouble, and chance of pecuniary loss which it

entails on the prosecutor should his accusation prove unsuccessful, that but few, and

until quite lately none, of the public oflicers would undertake the discharge of a duty

most disagreeable in itself and at the same time full of risk.

When alum is used in making bread, one of the two following things may happen

:

either the alum will be decomposed, as just said, in which case the alumina will, of

necessity, be set free as soon as digestion will have decomposed the organic matter

with which it was combined ; and thus it is presumable that either alum will be

re-formed in the stomach, or that, according to Liebig, the phosphoric acid of tho

phosphates of the bread, uniting with the alumina of the alum, will form an insoluble

phosphate of alumina, and the beneficial action of the phosphates will, consequently,

be lost to the system ; and since phosphoric acid forms with alumina a compound
hardly decomposable by alkalis or acids, this may, perhaps, explain the indiges-

tibility of the London bakers' bread, which strikes all foreigners. — Letters on
Chemistry.

The last defence set up in behalf of alumed bread to be noticed is, that, with
certain descriptions of flour, bread cannot be made without it ; that by means of

alum a large quantity of flour is made available for human food, which, without it,

must be withdrawn, and turned to some other less important uses, to the great

detriment of the population, and particularly of the poor, who would be the first

to suffer from the increase of the price of bread which such a withdrawal must fatally

produce.

The process usually adopted for the detection of alum is that known as Kuhlmann's
process, which consists in incinerating about 3,000 grains of bread, porphyrising the

ashes so obtained, treating them by nitric acid, evaporating the mixture to dryness,

and diluting the residue with about 300 grains of water, with the help of a gentle

heat ; without filtering, a solution of caustic potash is then added, the whole is boiled

a little, filtered, the filtrate is tested with a solution of sal-ammoniac, and boiled for a
few minutes. If a precipitate is formed it is not alumina, as hitherto thought and
stated by Kuhlmann and all other chemists, but phosphate of alumina,—a circumstance
of groat importance, not in testing for the presence of alumina, but for the determi-
nation of its amount, as will be shown further on, when entering into the details of
tho modifications which it is necessary to make to Kuhlmann's process.

In a paper road in April 1858, at the Society of Arts, Dr. Odling stated that ont of
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46 examinations of ashes furnishod him by Dr. Gilbert, and treating them bv th«above process, ho (Dr. OdUng) obtained, to use his own words, 'in 21 instana-s thecelebrated white precipitate said to be indicative of alumina and alum, bo that 'hadthese samples been in a manufactured instoad of the natural state—had the wheat
lor example, been made into flour—I should have been justified, according to tho
authority quoted, in pronouncing it to bo adulterated with alum. But a subsequent
examination of tho precipitates I obtained, showed that in reality they -were not duo
to alumina at all. M. Kuhlmann's process, as above described, is possessed of rare
.merits

: it will never fail in detecting alumina when present, and will often succeed
in detecting it when absent also. Tho idea of -weighing this olla podrida of a preci-
pitato, and from its weight calculating tho amount of alum present, as is gravely ro-
commended by great anti-adulteration adepts, is too preposterous to require a moment's
refutation.'

In order, however, to render the process for the detection of alum in bread free from
objections, tho following method is recommended. It requires only ordinary care, and
it is perfectly accurate :— '

_Cut_ the loaf in half ; take a thick slice of crumb from the middle, carefully
trimming the edges so as to removo the crust, or hardened outside, and weigh off
1,600 or 3,000 grains of it; crumble it to powder, or cut it into slices, and expose
them, on a sheet of platinum foil turned up at the edges, to a low red heat, until
fumes are no longer evolved, and the whole is reduced to charcoal, which will re-
qiure from twenty to forty minutes, according to the quantity; transfer the charcoal
to a mortar, and reduce it to fi.ne powder; put now this finely-pulverised charcoal
back again on the platinum foil tray, and leave it exposed thereon to a dark cherry-
red heat until reduced to grey ashes, for which purpose gas-furnace lamps -will be
found very convenient. Only a cherry-red heat should be applied, because at a
higher temperature the ashes might fuse, and the incineration be thus retarded.
Eemove the source of heat, drench the grey ashes with a concentrated solution of
nitrate of ammonia, and carefully reapply the heat ; the last portions of charcoal will
thereby be burnt, and the ashes will then have a -white or drab colour. Drench them
on the tray -with moderately strong and pure hydrochloric acid, and after one or two
minutes' standing, wash the contents of the platinum foil tray, -\vith distilled water,
into a porcelain dish

; evaporate to perfect dryness, in order to render the silica

insoluble ; drench the perfectly dry residue -with strong and pure muriatic acid, and,
after standing for five or six minutes, dilute the whole "with water, and boil ; while
boiling, add carefidly as much carbonate of soda as is necessary nearly, but not quite,

to saturate the acid, so that the liquor may still be acid ; add as much pure alcohol-
.potash as is necessary to render it strongly alkaline ; boil the whole for about three
or four minutes, and filter. If no-w, after slightly supersaturating the strongly alka-

line filtrate -with pure muriatic acid, the further addition of a solution of carbonate of
ammonia produces, either at once or after heating it for a few minutes, a h'ght, white,

flocculent precipitate, it is a sign of the presence of alumina, the identity of which is

confirmed by collecting it on a filter, putting a small portion of it on a platinum hook,

or on charcoal, heating it thereon, moistening the little mass -with nitrate of cobalt,

and again strongly heating it before the blowpipe ; when if, without fusing, it assumes
a beautiful blue colour, the presence of alumina is corroborated. If the operator pos-

sesses a silver capsule, he -will do well to use it instead of a porcelain one for boiling

the mass -with pure caustic alcohol-potash, in order to avoid all chance of any silica

(from the glaze) becoming dissolved by the potash, and afterwards simulating the

presence of alumina, though, if the boiling be not protracted, a porcelain capsule is

quite available. It is, however, absolutely necessary that he should use potasse a

Talcohol, for ordinary caustic potash always contains some, and occasionally consider-

able quantities of alumina, and is totally unsuited for such an investigation. Even
fotasse a I'alcohol retains traces of silica, either alone or combined -with alumina ; so

that for this, and other reasons which wiU be explained presently, an extravagant

quantity of it should not be used.

Lastly, carbonate of ammonia is preferable to caustic ammonia for precipitating tho

alumina, since that earth is far from being insoluble in caustic ammonia.

The liquor from -which the alumina has been separated should now be acidified -with

hydrochloric acid, and tested with chloride of barium, which should then yield a

copious precipitate of sulphate of barytes.

The only precipitate which can, under the circumstances of the experiment, simulate

alumina, is tho phosphate of that earth, which behaves -with all reagents as pure alu-

mina. Such a precipitate, therefore, if taken account of as pure alumina, -would alto-

gether -vitiate a quantitativts analysis if the amount of alum were calculated from it

;

but the proof that a certain quantity of alum had been used in the broad from which

it had been obtained would remain unshaken j since alumina, whether in that state
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nr 5n that of its phosphate, could not have been found except a salt of alumina

^tT^t a£m-had been uBed by the baker. When, therefore the exact amount

of alum'na has to bo determined, the precipitote an question should be submitted

to fSJ treatment in order to separate the a umina; and this can be done easily

anSidly by dissolving the. precipitate in mtric acid adding a littlo_ metaUic tin to

Se SSor. and boiling. The tin becomes rapidly oxidised and remains in the state

S aSoluble white powder, which is a mixture of peroxide of tin and of phosphate

3 tin. at the expense of all the phosphoric acid of any earthy phosphate which may

have been present. The whole mass is evaporated to dryness, and the dry residue is

then treated by water and filtered, in order to separate the insoluble white powder,

and the filtrate which contains the alumina should now be supersaturated with car-

bonate of ammonia. If a precipitate is formed, it is pure alumina. Jhe white insoluble

powder, after washing, may be dissolved in hydrochloric acid, and after diluting the

Boiulion with water, the tin may be precipitated therefrom by passing through it a

stream of sulphuretted hydrogen to supersaturation, leaving at rest for ten or twelve

hours, filtering, boiling the filtrate until aU odour of sulphuretted hydrogen has disap-

peared ; an excess of nitrate of silver is then added, and the bquor filtered, to sepa-

rate the chloride of silver produced, and exactly neutralising the filtrate with animonia ;

and if a lemon-yellow precipitate is produced, immediately soluble in lie slightest

excess of either ammonia or nitric acid, it is basic phosphate of silver (3AgU), rhU ,

the precipitate obtained in the first instance being thus proved to be phosphate of

alumina. The pure alumina obtained may now be coUected on a filter, washed with

boiling water, thoroughly dried, and then ignited and weighed. One gram of alumina

represents 9-027 grains of crystallised alum.

In testing bread for alum, it should be borne in mind, however, that the water used

for making the dough generally contains a certain quantity of sulphates, and that a pre-

cipitate of sulphate of barytes will therefore be very frequently obtained, though much

less considerable than when alum has been used. Some waters called ' selenitous con-

tain so much sulphate of lime in solution, that if they were used in making the dough,

chloride of barium would afford, of course, a considerable precipitate. For these

reasons, therefore, the separation and identification of alumina are the only reliable

proofs ; because, as that earth does not exist normally in any shape in wheat or com-

mon salt otherwise than in traces, the proof that alum has been used beconies irre-

sistible when we find, on the one hand, alumina, and, on the other, a more considerable

amount of sulphate of barytes than, except under the most extraordinary circum-

stances, genuine bread would yield.

Sul'phate of copper, like alum, possesses the property of hardening gluten, and thus,

with a fiour of inferior quality, bread can be made of good appearance, as if a superior

flour had been used.

The use of sulphate of copper in bread is said to have originated about 25 or 30 years

ago with the bakers of Belgium.

M. Kuhlmann, Professor of Chemistry at Lille, having been called upon several

times by the courts of justice to examine, by chemical processes, bread suspected of

containing substances injurious to health, collected some interesting facts upon the

subject, which were published under the direction of the central council of salubrity

of the department du Nord.
For some time public attention has been drawn to an odious fraud committed by a

great many bakers in the north of France and in Belgium,—the introduction of a
certain quantity of sulphate of copper into their bread. When the flour was made
from bad grain, this adulteration was very generally practised, as was proved by .many
convictions and confessions of the guilty persons. Wlien the dough does not rise well

in the fermentation (le pain pousse plat), thig inconvenience was found to be obviated

by the addition of blue vitriol, which was supposed also to cause the flour to retain

more water. The quantity of blue vitriol added is extremely small, and it is never
done in presence of strangers, because it is reckoned a valuable secret. It occasions

no economy of yeast, but rather the reverse. In a litre (about a quart) of water, an
ounce of sulphate of copper is dissolved ; and of this solution a wine-glassful is mixed
with the water necessary for 60 quartern or 4-pound loaves.

Lime water has been recommended by Liebig .as a means of improving the bread
made from inferior flour, or of flour slightly damaged by keeping, by warehousing, or
during transport in ships ; and this method, at the meeting of the British Association at
Glasgow, in 1855, was reported as having been tried to a somewhat considerable
extent by the bakers of that town, and with success ; the bread kneaded with lime-
water, instead of pure water, being of good appearance, good taste, good texture, and
free from the sour taste which invajiably belongs to alumod or even to genuine bread ;

admitting all this to be true, still wo should deprecate the use of lime-water in bread,
because it cannot bo done with impunity ; however small tho dose of additional matter
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may be considorod when takon soparatoly, it is always largo when considerod
as portion of an article of food liko broad, consumed day after day, and at each
moal, without intorrnption. To allow articles of food to bo tampered with,
under any circumstances, is a dangerous practice, oven if it were proved that
it can_ bo done withoiit risk, which, however, is not tho case ; and Liebig himself
has said that clioniists should novcr propose the use of chemical products for culinary
preparations.

The quantity of ashes loft after tho incineration of gonuino broad, varies from 1-5

at least to at most 3 per cent. ; and if tho latter quantity of ashes bo exceeded, tho
excess may safely bo pronounced to bo duo to an artificial introduction of some saline

or earthy matter.

As to tho addition to broad of potatoes, beans, rice, turnips, maize, or Indian corn,

which has occasionally boon practised to a considerable extent, especially in years of
scarcity, it is evident that they arc actually permitted under tho Act of Parliament
Will. IV. cap. 27, sect. 11.

In his ' Now Letters on Chemistry,' Liebig makes tho following remarks on tho
subject :

—

' Tho proposals which have hitherto been mado to use substitutes for flour, and
thus diminish the price of bread in times of scarcity, prove how much the rational

principles of hygiene are disregarded, and how unknown tho laws of nutrition are

still. It is with food as with fuel. If wo compare tho price of tho various kinds

of coals, of wood, of turf, wo shall find that the number of pence paid for a certain

volume or weight of these materials is about proportionate to tho number of

.degrees of heat which they evolve in burning Tho mean price of food

in a large country is ordinarily tho criterion of its nutritive value

Considered as a nutritive agent, rye is quite as dear as wheat ; such is tho case

also with rice and potatoes ; in fact, no other flour can replace wheat in this

respect. In times of scarcity, however, these ratios undergo modification, and
•potatoes and rice acquire then a higher value, because, in addition to their natural

value as respiratory food, another value is superadded, which in times of abundance

is not taken into account.
' The addition to wheat flour of potato starch, of dextrine, of the pulp of turnips,

gives a mixture, the nutritive value of which is equal to that of potatoes, or perhaps

less ; and it is evident that one cannot consider as an improvement this transforma-

tion of wheat flour into a food having only the same value as rice or potatoes.'

The detection of potato starch, of beans, peas, Indian corn, rice, and other feculae,

• which is so easily effected by means of the microscope in flour, is exceedingly dif-

-ficult, if not impossible, in bread. Bread which has been made with flour mixed with

Indian corn is harsher to the touch, and has frequently a slight yellowish colour, and

when moistened with solution of potash of ordinary strength, a yellow or greenish-

yellow tinge is developed.—The late Dr. A. N. See Toast, Leaven.

We exported in 1871 the following quantities of Bbead and Biscuits :

—

cwts.

ToEussia 2,157

Sweden 2,249

Norway 3,778

Germany . . . . . . . . . 1,967

Holland 10,107

Belgium 9,039

France 194,646

Portugal, Azores, and Madeira 2,353

Italy 7,433

United States,—Atlantic 10,027

Pacific 104

Foreign West Indies 2,424

Peru 1>515

Brazil . . . .
3,965

Argentine Confederation 2,219

Channel Islands *'S86

British India :
'

Bombay and Scindo

Benga/
Ceylon ,• ^ . ' ' o oq^
British West India Islands and British Guiana . .

Other countries

I 291.047
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«««A.Ti.FRT7ZT TUBE. (Ariooarpace(S, &pros, bread ; x^P'^^^f. fruit.) The A.

to tS toue broad-fruit toe, is a nativo of tho South Sea Islands inhabiting such

Zees' as arVhot and damp. The tree is about twelve inches diameter and grows to
places as aro r

^^^^^ ^^^^ ^^^^ ^ ^^i^^^^ ^^^^ (.j^^ g^^^^
the

l^^'g5'^,.f/°Xs \he fleshy receptacle is the valuable part of the fruit. It is

anS 5 the consisteni of nL broad. Wlien washed it becomes excellent

food Uisting like wheaten bread, only a little sweeter.

A clo h is made of the fibres of the inner bark; the ^ood is used for building

houses and boats. The leaves are used as towels and table-cloths, and to map pro-

Snsin? The male catkins serve as tinder, and the jiuce is employed as birdlime,

3 to mend the cracks in the mter vessels of the natives. See Cow Teee, Jack

^ BR^CCllTAn ItaUan term used for a rock composed of angular fragments of

stone, cemented together by an earthy or a mineral substance. It corresponds to tho

» brnfkrans ' of the Cumberland miners. , , ,

SRBCCIATED AGATE. An agate composed of fragments of jasper, blood-

stone, &c., cemented by chalcedony.
, mi 1 1- T

BREEZES. (SmL,Pr.) The dust of coke or charcoal. The coke burner hipp ies

this term to the smaU residual coke obtained in coke burmng The sifted ashes

removed from houses is called breeze, and sold under that name to bnckmakers and

°' BREEZE OVEBT. An oven for the manufacture of small coke. Mr. Joseph

Davis, of Birmingham, has patented {Specification a.i>. lS66 ^o h^^^ a breeze

oven, many of wMch are in use in South Staffordshire. The ' thick coal of South

Staffordshire is employed in this oven. The slack is screened, and the finer part is

biurntonthe grate adjoining the boiler, the remainder is converted into ' breezes.

Mr. Davis's specification will most completely illustrate and explain the character ot

*^ThisTn'vention consists of a coke oven, constructed, arranged, and used as hereinafter

described, and illustrated in the accompanying drawings, for the manufacture of the

smaU coke called breezes, for economising of heat, and for the suppression or partial

suppression of smoke.

243 244

245

Fig. 243 of the accompanying drawing represents in elevation, fiff. 244 in vertical

section, and fiff.
245 in plan, a coke oven, combined with the furnace of a steam-

boiler, constructed according to this invention.

The said coke oven consists of a chamber or

furnace, a, provided with doors, b, b, by which

said doors the coal to be coked is introduced

and the admission of air regulated. The
draught may be further regulated by means of

the damper, c. The oven, a, is also provided

with flues, d, in -which flues dampers may be
situated. Tho heated air and flame from the

oven, a, may be conducted therefrom either into

a stack or chimney, or into the furnace or

fireplace, e, of a steam-boiler, /, or the said

heated air and flame may be conducted else-

where, where they can be applied to heating

or other useful purpose. When the flame and
heated air from the coke oven, a, are con-
ducted into the furnace, e, of a steam-boiler,

/, they may bo delivered at or near the bridge of the said furnace, when they will
effect the suppression or partial suppression of the smoke from the said furnace.
The heat from the coke ovonj a, also increases tho production of steam in the boiler, /.
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When tho coal in the oven, a, has been converted into the small coke, called breezes,

the combustion is stopped by tho cloaing of tho doors, b b, damper, c, and tho door, g,
of tho ash-pit ; and the breezes are cooled by tho introduction of a jet of water into

the said oven, tho said water being directed upon the breezes ; or the said breezes

may be withdrawn from tho oven in a heated state, and afterwards cooled by water
of otherwise. Although I prefer to place the coke oven on the side of the boiler, as
represented, yet it may be placed under the boiler, or in any other convenient situation.

Although I have only represented in the accompanying drawing tho combination
of a coke oven for manufacturing breezes with a steam-boiler, yet the said oven may
bo combined with any other furnace for tho purpose of increasing its heat and
suppressing or partially suppressing its smoko ; but I believe the nature of my said

invention will be sufficiently understood by tho description herein given, and illus-

trated in the accompanying drawing.

The size and form of the ovens may be varied to suit tho qiiantity of breezes to be

manufactured, and the particular purposes to which the flame and heated air from

the said ovens are to be applied.

BRElMCEIir BIiUE and GREEM'. Figments containing a basic carbonate of

copper with alumina and carbonate of lime. According to one method, blue vitriol

(sulphate of copper) is dissolved in 10 parts of water, and a little aquafortis added;

the liquid is allowed to stand for a week, and is then filtered ; after addition of lime-

water, it is precipitated by a solution of pearlash. By Gentele's method, these pig-

ments are prepared from common salt and blue vitriol. A blue or a green colour is

produced, according as tho pignient is mixed with water or with linseed oil.

BBEWING. {Brasser, Pr. ; JBrauen, Ger.) The art of making beer, or an alco-

holic liquor, from a fermented infusion of some saccharine and amylaceous substance

with water.

Figs. 246 and 247 represent the arrangement of the utensils and machinery in a

porter brewery on the largest scale, in which it must be observed that tho elevation

Jig. 247, is in a great degree imaginary as to the plane upon which it is taken, but the

different vessels are arranged so as to explain their uses most readily, and at the same

time to preserve, as nearly as possible, the relative position which is usually assigned

to each in works of this nature.

The malt for the supply of the brewery is stored in vast granaries or malt-lofts,

usually situated in the upper part of the buildings. Of these, we have been able to

represent only one, at a, fig. 246 : the others, which are supposed to be on each side

of it, cannot be seen in this view. Immediately beneath the granary A, on the ground-

floor, is the mill ; in the upper storey above it, are two pairs of rollers {figs. 246, 248,

and 249), under a a, for bruising or crushing the grains of the malt. In the floor

beneath the rollers are the mill-stones b b, where the malt is sometimes ground, instead

of being merely bruised by passing between the rollers, under a a.

The malt, when prepared, is conveyed by a trough into a chest d, to the left of b,

from which it can be elevated by the action of a spiral screw, fig. 250, enclosed in

the sloping tube e, -into the large chest or bin b, for holding ground malt, situated

immediately over the mash-tun d. The mash-tuja is a largo circular tub with a double

bottom ; the uppermost of which is called a false bottom, and is pierced with many

holes. There is a space of about 2 or 3 inches between the two, into which the stop-

cocks' enter, for letting in the water and drawing off the wort. Tho holes of the false

bottom, if of wood, should be burned, and not bored, to prevent the chance of their

filling up by the swelling of the wood, which would obstruct the drainage :
the

holes should be conical, and largest below, being about fths of an inch there, and ith

at the upper surface. The perforated bottom must be fitted truly to the sides of the

mash-tun, so that no grains may pass through. The mashed liquor is let off into a

large back, from which it is pumped into the wort-coppers. The mash-tun is pro-

vided with a peculiai? rotatory apparatus for agitating tho crushed grains and water

together, which we shall presently describe. The size of tho wort-copper is pro-

portional to the amount of the brewing, and it must, in general, be at least so large

as to operate upon the wholo quantity of wort made from one mashing; that is, for

everv quarter of malt mashed, the copper should contain 140 gallons. The mash-tun

ought to be at least a third larger, and of a conical form, somewhat wider below than

above The malt is reserved in this bin till wanted, and is then let down into th6

mashing-tun, where tho extract is obtained by hot water suppbed from the copper g,

'"Cwlrlor the' service of the brewery is obtained from the weU k, seen beneath

the mill to the right, by a Ufting pump worked by the steam-engine ;
and the forcing-

Spe7 of this pump conveys tho water h to tho large reservoir or water-back f, placed

She top of the ongine-houso. From this cistern, iron pipes are laid to tiio copper o

(ou tL lefSiand side of tho figure), as also to every part of tho establishment where
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can
Pold water can bo wanted for cleaning and washing the vessels. The copper o «

So Swith. cold water by merely turning a cock ; and the water when boiled therein,

is conveyed by the pipe g into the tottom of the mash-tun ». The water is intro-

duced beneath a false bottom, upon which the malt lies
;
and, rising up through the
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holes in the falso bottom, it extracts tho saccharine matter from the malt; a greater
or less time being allowed for tho infusion, according to circumstances. The instant
tho Avator is drawn off from the copper, fresh water must bo let into it, in order to bo
ready for boiling tho second mashing, because the copper must not be left empty for a
moment, otherwise tlie intense heat of the fire would destroy its bottom. Tor tho
convenience of thus letting down at once as much liquor as will fill the lower part of
the copper, a pan or second boiler is placed over the top of tho copper, as seen in

fig. 262 ; and the steam rising from the copper communicates a considerable degi-eo

of heat to the contents of the pan, without any expense of fuel. This will bo more
minutely explained hereafter.

During the process of mashing, the malt is agitated in the mash-tun, so as to exposo
overy part to tho action of the water. This is done by a mechanism contained within
the mash-tun, which is put in motion by a horizontal shaft above it, ii, leading from
tho mill. Tho mash machine is shown separately in^. 251. When the operation of

mashing is finished, the wort or extract is drained down from the malt into the vessel

I, called tho underbacJc, immediately below the mash-tun, of like dimensions, and
situated always on a lower level, for which reason it has received this name. Hero the

wort does not remain longer than is necessary to drain off the whole of it from the tun

above. It is then pimiped up by the three-barrelled pump k, into the pan upon the

top of the copper, by a pipe which cannot be seen in this section. Tho wort remains

in tho pan until the water for the succeeding mashes is discharged from the copper.

But this delay is no loss of time, because the heat of tho copper, and the steam arising

from it, prepare the wort, which had become cooler, for boiling. The instant tho

copper is emptied, the first wort is let down from thp pan into the copper, and the

second wort is pumped up from the under-back into the upper pan. The proper pro-

portion of hops is thrown into tho copper through the near hole, and then the door

is shut down and screwed fast, to keep in the steam, and cause it to rise up through

pipes into the pan. It is thus forced to blow up through the wort in the pan, and

communicates so much heat to it, or to water, called liquor by the brewers, that either

is brought near to the boiling point. The different worts succeed each other through

all the different vessels with the greatest regularity, so that there is no loss of time,

but every part of the apparatus is constantly employed. When the ebullition has

continued a sufficient period to coagulate the grosser part of the extract, and to evapo-

rate part of the water, the contents of the copper are run off through a large cock into .

\h.e jack-hack k, below g, which is a vessel of sufficient dimensions to contain it, and

provided with a bottom of cast-iron plates, perforated with small holes, througli which

the wort drains and leaves the hops. The hot wort is drawn off from the jack-back

through the pipe h by the three-barreUed pump, which throws it up to the coolers

L L L ; this pump being made with different pipes and cocks of communication, to

serve all the purposes of the brewery, except that of raising the cold water_ from the

well. The coolers, l l i, are very shallow vessels, built over one another in several

stages ; and that part of the building in which they are contained is built with lattice-

work or shutter flaps, on all sides to admit free currents of air. When the wort is

sufficiently cooled to be put to the first fermentation, it is conducted in pipes from all

the different coolers to the large fermenting vessel or gyle-tun m, which, with another

similar vessel behind it, is of sufficient capacity to contain all the beer of one day's

brewing.

Whenever the first fermentation is concluded, the beer is drawn off from the great

fermenting vessel m, into the small fermenting casks or cleansing vessels N, of which

there are a great number in the brewery. They are placed four together, and to each

four a common spout is provided to carry off the yeast, and conduct it into the troughs

u, placed beneath. In these cleansing vessels the beer remains till the fermentation

is completed ; and it is then put into the store-vats, which are casks or tuns of an

immense size, where it is kept till wanted, and is finally drawn off into barrels, and

sent away from the brewery. The store-vats are not represented in the figure : tliey

are of a conical shape, and of different dimensions, for fifteen to twenty feet

diameter, and usually from fifteen to twenty feet in depth. The steani-engino, which

puts all the machine in motion, is exhibited in its place on the right side of thetigiire.

On the axis of the large fly-wheel is a bevelled spur-wheel, which turns another

similar wheel upon the end of a horizontal shaft, which extends from the engine-

house to the great horse-wheel, set in motion by means of a spur-wheel, me norse-

wheel drives all the pinions for tho mill-stones b b, and also the horizontal axis which

works the three-barrelled pump k. Tho rollers a a are turned by a bevel wheel

upon the upper end of the axis of the horse-wheel, which is prolonged for that purpose
;

and the horizontal shaft n, for tho mashing engine, is driven by a P'"^.?^
J'^.^'^'X'^^^^^

There is likewise a sack-tackle, which is not represented. It is a mach ne for drawing

np the sacks of malt from the court-yard to the liighest part of tho building, whence
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the sacks are wheeled on a track to the malt-loft A, and the contents of tho Back are

The^horse-Tvheel is intended to bo driven by horses occasionally, if the steam-engino
should fail ; but these engines
are now brought to such perfec-

tion that it is very seldom any
resource of this kind is needed.

Fig. 247 is a representation

of the fcrmenting-house at the

brewery of Messrs. Whitbread
and Company, Chiswell Street,

London, which is one of the>

most complete in its arrange-

ment in the world : it was
erected after the plan of Mr.
Eichardson, who conducts the

brewing at those works. Tho
whole of fig. 247 is to be con-

sidered as devoted to the same
object as the large vessel m and
the casks n, fig. 246. In fig.

247, r y is the pipe which leads

from the diflFerent coolers to

convey the wort to the great

fermenting vessels or squares

M, of which there are two, one
behind the other

; // repre-

sent a part of the great pipe

which conveys all the water
from the well e, fig. 246, up to

the water cistern f. This pipe
is conducted purposely up the

wall of the fermenting-house,

fig. 247, and has a cock in it,'

near r, to stop the passage.
Just beneath this passage a"

branch-pipe p proceeeds, and
enters a large pipe x x, which
has the former pipe r within-

side of it. From the end of the
pipe X, nearest to the squares
M, another branch n n proceeds,
and returns to the original pipe

/, with a cock to regulate it.

The object of this arrangement
is to make all, or any part, of
the cold water flow through the
pipe X X, which surrounds the

pipe r, formed only of thin

copper, and thus cool tho wort
passing through the pipe r,

until it is found by tho ther-

mometer to have tho exact

temperature which is desirable

before it is put to ferment in
the great square m. By means
of the cocks at » and p, the
quantity of cold water passing
over the surface of the piper can
be regulated at pleasure, where-
'by the heat of tho wort, when
it entersdnto tho square, may be
adjusted -within half a degree.
When tho first fermentation

in the squares m m is finished,
tho beer is drawn off from tliom by pipes marked v, and conducted by its branches
www, to tho different rows of fermenting-tuns, marked n n, which occupy tho greater



512 BREWING
part of the building. In tho hollow between every two rows are placed large ttougha,
to contain the yeast which they throw off. Tho figure shows that the small tuns are all
placed on a lower level than tho bottom of the great vessels m, eo that tlie beer will flow
into them, and, by hydrostatic equilibrium, will fill them to the same level. When
they are filled, tho communication-cock is shut ; but, as tho working oflF the yeast
diminishes the quantity of beer in each vessel, it is necessary to replenish them from
tjmo to time. For this purpose, the two large vats o o are filled from the great squares
M M, before any beer is drawn off into the email casks n, and this quantity of beer is

reserved at the higher level for filling up. The two vessels o o are, in reality, situated
between tho two squares m m ; but I have been obliged to place them thus in the sec-

tion, in order that they may bo seen. Near each filling-up tun o is a small cistern t,

communicating with the tun o by a pipe, which is closed by a float-valve. The small
cisterns t are always in communication with tho pipes which lead to the small
fermenting vessels k ; and therefore the surface of tho beer in all the tuns, and in the

cisterns, will always be at the same level ; and as this level subsides by the working
off of tho yeast from the tuns, the float sinks and opens the valve, so as to admit a
sufficiency of beer from the filling-up tuns o, to restore the surfaces of the beer in all

the tuns, and also in tho cistern t, to the original level. In order to carry off the

yeast which is produced by the fermentation of the beer in the tuns o o, a conical iron

dish or funnel is made to float upon the surface of the beer which they contain ; and
from the centre of this funnel a pipe, o, descends, and passes through the bottom of

the tun, being packed with a collar of leather, so as to be water-tight ; at th^ same
time that it is at liberty to slide down, as the surface of the beer descends in the tun.

The yeast flows over the edge of this funnel-shaped dish, and is conveyed down the

pipe into a trough beneath.

Beneath the fermenting-house are large arched vaults, p, built with stone, and lined

with stucco. Into these the beer is let down in casks when sufficiently fermented, and

is kept in store till wanted. These vaults are used at Mr. Whitbread's brewery, instead

of the great store-vats of which we have before spoken, and are in some respects pre-

ferable, because they preserve a great equality of temperature, being beneath the surface

of the earth.

The kiln-dried malt is sometimes ground between stones in a common corn-mill, like

oatmeal ; but it is more generally crushed between iron rollers, at least for the purpose

of the London brewers.

The Crushing Mill.—The cylinder malt-mill is constructed as shown inJigs. 248, 249.

I is the sloping-trough, by which tho malt is let down from its bin or floor to tho

hopper A of the mill, whence
it is progressively shaken in

between the rollers b d. The
rollers are of iron, truly cy-

lindrical, and their ends rest

in bearers of hard brass, fitted

into the side frames of iron.

A screw e goes through the up-

right, and serves to force tho

bearer of the one roller towards

that of the other, so as to

bring them closer together

when the crushing effect is to

bo increased, g is the square

ond of the axis, by which one

of the rollers may be turned

either by the hand or by

power; the other derives its
, , , , , -i . xi. ^i,

rotatory motion from a pair of equal-toothed wheels h, wbch are fitted to the other

end of the axes of the rollers, is a catch which works into the teeth of a ratchet-
- • • V rpjjQ 2ever c

248 249

wheel on the end of one of the rollers (not shown in this view).
_

strikes the trough b at the bottom of the hopper, and gives it the shaking motion for

discharging the malt between the rollers, from the side sluice a. ee,fg. 248, aro

scraper-plates of sheet iron, the edges of which press by a weight against tho surfaces

of the rollers, and keep them clean.

Instead of the cylinders, some employ a crushing null of a comcal-grooved form,

like a coffee-mill upon a large scale.
. . •. j

Fig. 250 is the screw by which the ground or bruised malt is raised up. or conveyed

from^one part of tho brew'ery to another. K is an inclined btfx or tr^gh; the c^^

of which the axis of tho screw ii is placed ; the spiral iron plato or« winch is

fixed projecting from the axis, and which forms tho screw, is made very nearly to
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fin tlifl inside of the tox. By this means, when the screw is turned round by the

wheels e f, or by any other means, it raises up the malt from the box d, and delivers it

at the spout o.

This screw is equally applicable for conveying the malt horizontally in the troughs:,

as slantingly ; and similar machines are employed in various parts of breweries for con-

veying the malt wherever the situation of the works require.

Fiff. 261 is the mashing-machine. a a is the tun, made of wood staves hooped to-

gether. In the centre of it rises a perpendicular shaft b, which is turned slowly round

I

by means of the bevelled wheels t u &t the top. c o are two arms projecting from
that axis, and supporting the short vortical axis d of the spur-wheel x, which is
•turned by the spur-wheel w; so that, when the central axis b is made to revolve, it
will carry the thick short axle d round the tun in a circle. That axle d is furnished
with a number of arms, e e, which have blades placed obliquely to tho piano of their

Vol. I, L L
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motion. Whon tho axis is tiirnod round, these arms agitato the malt in the tun, and
giTO It a constant tondoncy to rise upwards from tho bottom.

J
of the axlo d is produced by a whool, x, on tho upper end of it, which is

turned by a wheel, w, fastened on the middle of the tube b, which turns freely round
upon Its central axis. Upon a higher point of tho same tube 6 is a bevel wheel o,
receiving motion from a bevel wheel q, fixed upon the end of the horizontal axis n n,
which gives motion to the whole machine. Tliis same axis has a pinion p upon
it, which gives motion to tho wheel r, fixed near the middle of a horizontal axle,
which, at its loft-hand end, has a bevel pinion t, working tho wheel u, before mentioned.
By those means, tho rotation of tho central axis b will be very slow compared with the
motion of tho axlo d ; for the latter will mako seventeen or eighteen revolutions on its
own axis in tho same space of time that it will be carried once round the tun by tlie

motion of the shaft b. At the beginning of the operation of mashing, the machine is
made to turn with a slow motion

;
but, after having wetted all the malt by one revo-

lution, it is driven quicker. For this purpose, the ascending-shaft / g, which gives
motion to the machine, has two bevel wheels h i, fixed upon a tubefg, which is fitted

upon a central shaft. These wheels actuate the wheels m and o, upon the end of the
horizontal shaft n n ; but the distance between the two wheels h audi is such that they
cannot be engaged both at once with the wheels m and o ; but the tubef g, ^ which
they are fixed, is capable of sliding up and down on its central axis sufficiently to bring
either wheel h or i into gear with its corresponding wheel o or m, upon the horizontal
shaft

; and as the diameters of wo and i m are of very different proportions, the velocity
of the motion of the machine can be varied at pleasure, by using one or other, k and
k are two levers, which are forked at their extremities, and embrace collars at the ends
of the tube/ g. These levers being united by a rod, I, the handle k gives the means of
moving the tube/g, and its wheels h i, up or down, to throw either the one or the
other wheel into gear.

_

Figs. 252, 253 represent the copper of a London brewery. Fig. 252 is a vertical sec-

tion
; Jig. 263, a ground plan of the fire-grate and flue, upon a smaller scale : a is the close

copper kettle, having its bottom convex within ; i is the open pan placed upon its top.

From tho upper part of the copper, a wide tube, c, ascends, to carry off the steam gene-

rated during tho obulUtion of the wort, which is conducted through four downwards-
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Blanting tubes, d d (two only are visible in this section^, into the liquor of tlie pan b, in

order to warm its contents. A vortical iron shaft or spindle, e, passes down tlirough the

tube c, nearly to the bottom of the copper, and is there mounted with an iron arm, called

a rouser, which carries round a chain hung in loops, to prevent the hops from adhering to

the bottom of the boiler. Three bent stays, /, are stretched across the interior, to support

the shaft by a collet at their middlejunction. The shaft carries at its upper end a bevel

wheel
ff,

working into a bevel pinion upon the axis h, which may bo turned either by

power or by hand. The rouser shaft may be lifted by means of the chain «, which, going

over two piilleys, has its end passed round the wheel and axle and is turned by a

winch ; Z is a tube for conveying the waste steam into the chimney m.

The heat is applied as follows :—For heating the colossal coppers of the London
breweries, two separate fires are required, which are separated by a narrow wall of

brickwork, n, Jigs. 252, 263. The dotted circle a' a', indicates the largest circumfe-

rence of the copper, and b' b' its bottom ; o o are the grates upon which the coals are

thrown, not through folding doors (as of old), but through a short slanting iron hopper,

shown at p, fig. 252, built in the wall, and kept constantly filled with the fuel, in order

to exclude the air. Thus the low stratum of coals gets ignited before it reaches the

grate. Above the hopper p, a narrow channel is provided for the admission of at-

mospherical air, in such quantity merely as may be requisite to complete the com-
bustion of the smoke of the coals. Behind each grate there is a fire bridge, r, which
reflects the flame upwards, and causes it to play upon the bottom of the copper. The
bm:nt air then passes round the copper in a semicircular flue, s s, from which it flows

off into the chimney m, on whose under end a sliding damper-plate, t, is placed, for tem-
pering the di-aught. Wlien cold air is admitted at this orifice, the combustion of the

fuel is immediately checked. There is, besides, another slide-plate at the entrance of

the slanting flue into the vertical chimney, for regulating the play of the flame under
and around the copper. If the plate t be opened, and the other plate shut, the power
of the fire is suspended, as it ought to be, at the time of emptying the copper. Imme-
diately over the grate is a brick arch, u, to protect the front edge of the copper from
the first impulsion of the flame. The chimney is supported upon iron pillars, v v; w
is a cavity closed with a slide-plate, through which the ashes may be taken out from
behind, by means of a long iron hook.

We have thus given the general plan and requisites for a brewery on a large scale.

We need scarcely say those arrangements will vary in every establishment, according
to the requirements and facilities of the locality, and the various modes of operation.
The few simple utensils required may be easily recapitulated :

—

1. A mill for crushing the malt.

2. An iron pan for heating water.

3. A mash-tun or open tub fitted with a false bottom, a strainer, or with some other
means of allowing the wort to run off freely, keeping back the grains.

4. An iron or copper pan for boiUng the wort.

6. A shallow vessel or cooler, over which is placed the hop-jack or sieve for strain-
ing out the spent-hops.

6. A gyle tun or open tub for commencement of tho fermentation.
7, A barrel or cask in which the cleansing is completed.

_
The first necessity is a plentiful supply of pure water, wliich it should be the chief

aim m all arrangements to render available at the least labour and cost, as on its
proper and judicioiis application greatly depends the regulation of the temperature in
the various operations; and the most scrupulous cleanliness in every part is of tho
utmost importance. The fermenting rooms and store-cellars should be placed below
the ground level, for tho purpose of attaining a low and equable temperature ; and
for this purpose also the double stone fermenting square is highly esteemed. It con-
sists of an inner cubical vessel, containing from fifteen to thirty barrels ; each side
formed by one slab of fine slate. This is placed in an exterior square or shell of
infenor stone, leaving a space between the inner and outer squares, which can be
filled with hot or cold water at pleasure. The inner or fermenting square has a man-
hole, with a raised rim, in the slab forming tho top, on which also are raised four
other fine slate slabs, which form a cistern for the expansion and overfiow of the beer
and yeast during tho process of the fermentation, and from which the yeast is readily
removed at its close.

^

^
The process of brewing may be classed under three heads : the mashing, the boil-

ing, and the fermentation.

For tho principle which should guide tho brewer in the conduct of these operations
wo refer to the article Beee, where it will be seen that tho ultimate success of tlio
entire scries depends greatly on the regulation of tho temperature, the duration andthe proper management of tho initial process of malting. '

'

The MasJiing.—VT^oa this very important process Information, tho tosult of Dr 4
L L 2 '

'
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•Schwarzer's researches, is perhaps the most vahiablo and prociso of the present day,

and it would be well if every brewer wore familiar with them.
In the Brewers' Journal, January 16, 1871, this information is fully detailed, but

as the number may not easily be obtainable, it is here reinserted:

—

* As a general rule, the larger tlio quantity of diastase and the greater the heat up
to a certain point, the more rapid is the transformation of the gummy portion of the

starch into sugar.

'At a temperature of about 167° Fahr., and especially at 177° or 178°, however, a

diminution takes place in the action of the diastase, which increases with the further

increase of the temperature ; and if the heat bo raised for a certain time to about 190°,

the action of the diastase ceases altogether.
' If also an extract of malt be heated to 190° before the starch is added, a diminution

in the action occurs, which is the more determined according to the length of time at

which the heat has been maintained.
' The quantity of diastase thus rendered inactive may be ascertained by comparing

the action of a certain amount of the overheated extract, with that of a like quantity

at the temperature of 145°. Observation must be taken of the time which elapses

before all reaction ceases to be exhibited by the iodine test ; and the same test must

be applied to the action of the extract submitted to the lower temperature.

' Two per cent, of an extract of malt, not weakened by heating, effects the trans-

formation more rapidly than four times that percentage kept at the heat of 178° for

one ho\ir, or than twenty per cent, of the same extract maintained for the same period

at a temperature of 190°. In the last case scarcely one-tenth of the diastase originally

developed in the malt remains in the extract.

' "With minute quantities of diastase the action proceeds more rapidly at first with a

temperature of 190°, but afterward more slowly than at 145°.

' When the iodine test shows no discolouration, the saccharification is practically

terminated, and the continuance of the action of the diastase yields an infinitesimal

quantity of sugar.
' If, in one hour, and until the iodine shows no discolouration.'fifty per cent, of sugar

is formed, and if, during the next three hours, only two per cent, is produced, it is

certain that the iodine test shows practically the action is finished.

' The cause of this feeble saccharification after the iodine test ceases to act, does not,

however, arise from the exhaustion of the energy of the diastase, because if a new

amount of starch be added, it will be rapidly transformed.

'At all temperatures from 167° to 32°, even though employing very different pro-

portions of diastase, from fifty to fifty-three per cent, of sugar is invariably produced

from the starch in the extract.

'Admitting that the starch is transformed into an equivalent of sugar, and an

equivalent of dextrine, analysis shows that the sugar to be obtained from the extract

amounts to 52"6 par cent, of the extract.

' The amount of sugar obtained in practice differs so little from this rate that the

small difference may fairly be supposed to arise from errors in the quantities and in-

terruptions in the action of the diastase.
.

' At temperatures exceeding 167° the quantity of sugar produced falls off m pro-

portion. J • +1

'At 190°, after the iodine test ceases to act, the amount of sugar formed m me

extract may fall off to twenty-seven per cent. ; and even if the extract is heated to

that temperature before the addition of the starch gum, and the greatest care be taken

to prevent cooling during the experiment, very little change indeed will be observed

in the percentage.
. ^, ^ ^, ..

'K all these facts be taken into account, it seems certain, that the action ol tne

diastase at temperature below 167° is very different from what it is under greater

^^^The amount of sugar equal to twenty-seven per cent, which is the minimum value

at which the iodine test ceases to exhibit any change, agrees exactly with tlie trans-

formation of starch into an equivalent of sugar and an equivalent of dextrine

• A fact deserving of notice is, that between the temperatures of 167 and lyu tne

difference in the amount of sugar formed is more than twenty per cent.

' In maintaining the extract of malt at 190° for a long penod, it is so greatlyaM
that when the heat is afterward lowered, the amount of sugar is

P^*^ ^^^^9^^^^^^

all, increased; but if, on the contrary, a solution of starch
^^^^^f°^^4°%f

twentv-sevon per cent, of sugar, be heated to 190°, and afterwards submitted to the

S?of dTastlse, not heated ;nd enfeebled at a lower temperature, the percentage

may be carried to fifty-two per cent. ^ , xi. ... „^«f«^,v,nf;nn cfarvli •

' During fermentation, the diastase continues to effect the transformation of starch,

and it is not improbable that yeast acts in the same manner as the tormer.
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With these very important facts before us, it is comparatively easy for the brewer

to determine liis rule or mode of operation in the process of mashing.

As the heats approaching to 167° tend to detract from the energy of the diastase,

such must of course as much as possible be avoided, it being known with equal

certainty that when malt-wort is allowed to drop its temperature to a heat approach-

ing 140'^, it is liable to acetancy, and more readily so, as the temperature recedes

below 140° ; about 120° being the most favourable to the change.

Therefore it is advisable that the wort should reach the copper before such a tem-

perature is attained ; still further it is ascertained that the value of the desired trans-

formation in the malt-wort, is best obtained with a temperature of about 151°, also

that saccharification is promoted by agitation, and that the stronger the extract is,

the less is the danger of acetification.

Therefore, in the first place, the brewer has to obtain a mash of '151 temperature

or thereabouts ; but he must do it with liquor as far removed below 167° as possible,

and when the goods are thoroughly mashed, 151° of heat should be maintained during

their clarification ; the wort should then be run from the mash-tun into a copper suit-

ably warmed beforehand, and should then be slowly and carefully heated up to

boiling, just by the time the subsequent exhaustion of the malt is completed by the

'sparging.' .

In practice the following method will be found extremely easy, and safe m ope-

ration :— . .

Some time before commencing the mash, a sufficiency of boiling water is run into

the tun to make it as hot as possible, and immediately before commencing the brewing

this hot water is let off again into the underback, or the copper; this being done,

the mashing liquor having previously been very carefully prepared, is let into the tun

under the false bottom, to the quantity of about one and a half barrels to the quarter

of malt, where it arrives at about 164° temperature ; when a sufficiency has been let in,

the grist is then added and thoroughly mashed, the infusion will then be about 150°,

the temperature of reserve mashing liquor has been raised, and when the malt is

effectually mashed, a further quantity of about half a barrel per quarter is run in at

166°, and thoroughly mixed up with the mash: the object of the additional liquor is

to raise the heat of the mash to about 152°, after which settling and clarification are

requisite ; this usually occupies about two hoiurs.

The tun having been thoroughly heated before the admission of the mash, it does

not abstract the heat from the infusion, either during the operation or when it is com-

pleted, but materially assists to maintain the heat for a very considerable time ; with

a well-protected and covered tun it will do it for four hours if required, without

allowing the temperature to drop a single degree.

This is of the greatest importance, for the wort leaves the mash-tun at about 151°;

and as it is passed from vessel to vessel is immediately preceded by the hot water

from the vessel before it
;
thus, in turn, each vessel is thoroughly warmed, and we need

hardly say most thoroughly cleansed, and being prepared in this way enables the

operator to get the wort into the copper before it can fall even to 146° or 147°, leaving

the mash in the tun at such heat that all danger of acetification is entirely re-

moved.

As the full value of the mash cannot be obtained by one maceration, recourse is

now had to ' sparging,' and to do this properly requires a little careful thought and
more careful management.

In the operation of mashing every possible care should be taken that the infused
malt—called ' goods '—when drained should lay perfectly level, otherwise the sparging
liquor, in running off, will form for itself courses through those portions of the mash
that offer the least resistance, and as a consequence some parts of the ' goods ' will

have treatment in excess of what is desirable, while other portions will be kept
with an imperfect sparge.

The liquor for sparging should be of such a heat that it will, on penetrating the
'goods,' raise their temperature gradually from, say 148° or so, to 167° or 168° at the
close, this wiU generally be found sufficient to dissolve out of them all the tractable

portions of dextrine, &c. that are of any real value.

_
It is advisable during the operation to allow the infused malt to drain two or three

times that the act of compression may express from them those portions of sweet wort
detained in the texture of each individual grain ; this will enable the brewer to obtain
the whole of the value that is producible from his malt, which may on that account
be treated with less pressure in the grinding ; care in this latter particular will con-
siderably facilitate all subsequent operations, and give a brilliancy and superior
quality to the beer unattainable by other moans.

In drawing the wort from the mash-tun, no mechanical means should be neglected
that would aid in discharging it clear and bright into the copper, for all flocks and
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particles of malt that arc taken there, very materially interfere with the action and value

where pos8ibFe°°
^^^'^

'
agencies for this purpose should bo avoided

With regard to temperature, the brewer must not only regulate the heat of thewater lor the first mash by the colour, ago, and quality of the malt, whether paleamber, or brown, but he should also mark the temperature of the atmosphere, as in-
Uuencing that of the malt, and the absorption of the heat by the utensils employed •

remarking that woU-mellowod and brown malt will bear a higher mashing heat than
pale or newly dried.

Tho following tablo of Mashing Heats is by Lovosquo :

—

Table of Mashing Temperatures.

Brown
Ualt

> L

Bigb-drUd Amtier FalaUaU

<
to Us es to

3Heat of 1
1

•1 Q
<o Mash. Beat of Maib,

>f

Staa

of

th< Boat of Haih, o Boat of Masb,
1

o
148° to
X480

c/3

(m

fl

o

145° to 147° 144° to 146°
w

ofth

1430 to 14J0

emp.

O & o o
O d o i CI

6 Firkini J i 7 Firkins 8 Firkini e a 9 Firkins 10 Firkins 6 a 11 FirUns 12 FlrklnB a
H per Qr. H per Qr. per Qr. H H per Qr. per Qr. V

H per Qr. . l>er Qr. H

Fah. H.M. Fah. n.u Full. II.H. Fall. II.U.

1-0010 197-00 4-00 10° 189-00 184-00 3-00 10° 178-00 175-00 •2-00 10° 172-00 170-00
15 195-17 4-00 15 187-42 182-59 3-00 15 176-84 173-92 2-00 15 171-00 169-19 1-00
20 193-34 4-00 20 185-84 181-18 8-00 20 175-68 172-84 2-00 20 170-00 168-28 1-00
25 191-51 4-00 25 184-26 179-77 3-00 25 174-52 171-76 2-00 25 169-00 167-37 1-00
30 189-68 4-00 30 182-68 178-36 3-00 30 173-36 170-68 2-00 30 168-00 166-46 1-00
35 187-85 4-00 35 180-10 176-95 3-00 35 172-20 169-60 2-00 36 167-00 165-55 1-00
40 186-02 4-00 40 179-52 175-54 3-00 40 171-04 168-52 2-00 40 166-00 164-64 1-00
46 184-19 4-00 45 177-94 174-13 3-00 45 169-88 167-44 2-00 45 165-00 163-73 1-00
50 182-36 4-00 50 176-36 172-72 3-00 50 168-72 166-36 2-00 50 164-00 162-82 1-00
55 180-63 4-00 65 174-78 171-31 3-00 55 167-56 165-28 2-00 55 163-00 161-91 1-00

0-55GO 178-70 3-40 CO 173-20 169-90 2-45 60 166-40 164-20 1-50 60 162-00 160-00
65 176-87 3-20 65 171-62 168-49 2-30 65 165-24 163-12 1-40 65 161-00 169-19 0-50
70 176-04 3-00 70 170-04 167-07 2-15 70 164-08 162-04 1-30 70 160-00 158-28 0-45

Heat of tlie Tap, Heat of tie Tap, Heat of the Tap, Heat of the Tap,
141° to 143°.144° to 146°. 143° to 145°. 142° to 144°.

The first column gives the temperature of the air at the time of mashing.
The second column shows the heat of the water, the quantity used, and the resulting

heat of the mash—noting, that if the water has been let into the mash-tun at the
boiling point, and allowed to cool down, or tho vessel has been thoroughly warmed
before the commencement of the process, the heat may be taken several degrees

lower.

The third column shows the time for the standing of the mash, but this will be
modified, as before stated, by tho quality of the extract required.

The bulk of the materials used must also enter into the consideration of tho tem-

perature, as a large body of malt will attain the required temperature with a mashing
heat lower than a small quantity ; the powers of chemical action and condensation of

heat being increased with increase of volume.

Donovan, speaking of tho temperature to be employed in mashing, lays down the

following as a general rule :—For well dried pale malt the heat of the first mashing
liquor may be, but should never exceed, 170° ; the heat of the second may be, 180°

;

and, for a third, the heat may be, but need never exceed, 185°.

The quantity of water, termed liquor, to be employed for mashing, depends upon

the greater or less strength to be given to the beer ; but in all cases, from one barrel

and a half to one barrel and thi-ee firkins is sufficient for the first stiff mashing, but

more liquor may be added after the malt is thoroughly wetted.

The grains of the crushed malt, after tho wort is drawn off, retain from thirty-two to

forty gallons of water for every quarter of malt. A further amount must be allowed

for the loss by evaporation in the boiUng and cooling, and tho waste in fermentation,

so that tho amount of liquor required for mashing will, in some instances, bo double

that of tho finished beer, but in general tho total amount will be reduced about one-

third during the various processes.

Tho following example has been given of the proportions for an ordinary quality of

beer :

—

Suppose thirteen imperial quarters of tho best pale malt be taken to make 1,500

gallons of beer, the waste may be calculated at noar 900 gallons, or 2,400 gallons of

water will bo required in mashing.
.

As soon as tho water in the copper has attained tho heat of 160 in summer, or

107° in winter, 600 gallons of it are to be run off into the mash-tun (which has pro-
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. , u nlflanaed or scaldod out with boiling water), and the malt gradually

r'^'^y^f f^nl^ S and woll Stonnixed, so that it may be uniformly moistened, and
but rapidly thrown m

j^^^^i 'the agitation for about half an hour, more

^^ti^raZTnt" f ^^rgaUoS at'a tempfraturo of 180°. may be carefully and
liquor, to tlie araoujit ui

f , j^„q if can bo dono by a pipe inserted under
gradually into>ducod (,t i»au^^^^^^^^^

tho to bottom of tbo m^t^^^^^
as small a loss ot temperature as

troV^oirrSu^gtmporature ot tte mass being not less

%"IrisT:n*e^w.d dose, and allowed to remain at rest for an bo,^, or an

bo^anT Vafafter wbi^ tbe^P^^^^^^^^^^

3ir£»«astr^;r^i:n^eM^

SEebtrrxfTtifToSzs^d^^orsto a state of
fJ^J^ ^.^^^^ of water, about 600 gallons, at a tempera-

tTe o?'l85° or 1900 Lil Jow be tlr^ the goods into^he mash-tun by the

S^ng process or by any means that will allow the hot liquor to percolate through

S SSns Sacing and can-ying down the heavier and more yaluable products of

Z WO tet mshings. The wo?t is now boiled with the hops from one to two

^Tv'the mashing process before described, the malt is so much exhausted that it

canWd no further extract useful for strong beer or porter. A weaker wor mag t

S n^ doubt, stili drawn olf for small beer, or for contributing a httle to the strength

of the next mashing of fresh malt. But this, we believe, is seldom practised.

The wt k then transferred into the copper, and made to boil as soon as possible,

for if it remains long in the underbade, it is apt to become acescent The steam,

moreover raised from it in the act of boiling serves to screen it from the oxygenating

or acidifying influence of the atmosphere.
, , , , , .

Until it begins to boil, the air should be excluded by some kind of covei.

Dr Piesse in 1840. read a paper before the Chemical Society, showing that much

extract was left in the malt after brewing, and that it was this matter which was con-

vertible into sugar, which gave its feeding qualities to ' grains.

It was shown that the malt, after the first wort was drawn off still contained

a portion of starch which was not converted into sugar, and that the presence of

diastase was necessary to effect tWs conversion. As diastase is very soluble, there

was none of course left in the infused malt. _^
It is, therefore, recommended by Dr, Piesse, that malt contaimng diastase should

bo added to the second wort.
, ^ n n ^ ,

In brewing thirty quarters, I should take twenty-mne quarters for the lirst masn

and add the remaining quarter to the second, by which all the starch, it was contended,

would be converted into sugar. To prevent the access of air, which tends to induce

acidity, to the wort, it is suggested that a board the size of the back in which it

is contained should float on the surface of the fluid. {Transactions of the Chemical

Society, 1841.)

BRICK. {Brigue, Fr. ; Bachstdn, Ziegelstein, Ger.) A solid rectangular mass of

baked clay, employed for building purposes. Brickmaking is exceedingly ancient

:

the tower of Babel was built with bricks, as we are told in Scripture, and also the

city of Babylon. Over the ruins of Babylon, and the sites of the other great cities of

the ancient monarchies, we still discover bricks of various kinds. Some are merely

sun-dried masses of clay ; others are well burnt ; and others, again, are covered with

a vitreous glaze. The Egyptians were great brick-makers ; and the Eomans were

celebrated for their bricks and tiles, large quantities of them having been employed

in the construction of their different military stations in England. Subsequently, the

same bricks have at times been used on later structures, as for instance, in St. Alban's

Abbey, which contains a largo quantity of bricks from ruins of the Eoman buildings

of Verulamium. The Lollards' Tower of Lambeth Palace, built in 1454, and the older

portions of Hampton Court Palace, built in 1514, arc good examples of the English

brick architecture in medieval times.

The natural mixture of clay and sand, called loam, as well as marl, which consists

of lime and clay with little or no sand, are tho materials usually employed in the

manufacture of bricks.



520 BRICK

There are few places in this country which do not possess alumina in combination
with silica and other earthy matters, forming a clay from which bricks can bo manu-
factured. That most generally worked is found on or near the surface in a plastic
Btato. Others are hard marls on the coal-mcasuro, New Rod Sandstone, and Blue Lias
formations. It is from these marls that the blue bricks of StJifFordshire and the fire

bricks of Stourbridge are made. Marl has a greater resemblance to stone and rock,
and varies much in colour

;
blue, rod, yellow, &c. Prom the greatly different and

varying character of the raw material, there is an equal difference in the principle of
preparation for making it into brick ; while one merely requires to be turned over by
hand, and to have sufficient water worked in to make it subservient to manual labour,
the fire-clays and marls must be ground down to dust, and worked by powerful ma-
chinery, before they can be brought into even a plastic state. Now these various clays

also shiink in drying and burning from 1 to 15 per cent., or more. This contraction

varies in proportion to the excess of alumina over silica, but by adding sand, loam, or
chalk, or (as is done by the London brick-makers) by using ashes or breeze—as it is

technically called—this can be corrected. All clays burning red contain oxides of

iron, and those having from 8 to 10 per cent, burn of a blue, or almost a black colour.

The bricks are exposed in the kilns to great heat, and when the body is a fire-clay,

the iron unites with a portion of the silica, forming a fusible silicate of protoxide of

iron, which melts into an external glaze. Bricks of this description are common in

Staffordshire, and, when made with good machinery (that is, the clay being very

finely ground), are superior to any in the kingdom, particularly for docks, canal or

river locks, railway-bridges, and viaducts. In Wolverhampton, Dudley, and many
other towns, these blue bricks are commonly employed for paving purposes. Other

clays contain lime and no iron ; these burn white, and take less heat than any other

to burn hard enough for the use of the builder, the lime acting as a flux on the silica.

Many clays contain iron and lime, with the lime in excess, when the bricks are of a

light dun colour, or white, in proportion to the quantity of that earth present ; if

magnesia, they have a brown colour. If iron is in excess, they biirn from a pale red,

to the colour of cast iron, in proportion to the quantity of that metal.

. There are three classes of brick earths :

—

1st, Plastic clay, composed of alumina and silica, in different proportions, and con-

taining a small per-centage of other salts, as of iron, lime, soda, and magnesia.

2nd. Loams, or sandy clays.

3rd. Marls, of which there are also three kinds : clayey, sandy, and calcareous,

according to the proportions of the earth of which they are composed, viz., alumina,

silica, and lime.

Alumina is the oxide of the metal aluminium, and it is this substance which gives

tenacity or plasticity to the clay-earth, having a strong affinity for water. It is owing

to excess of alumina that many clays contract too much in drying, and often crack on

exposure to wind or sun. By the addition of sand, this clay would make a better

article than we often see produced from it. Clays contain magnesia and other earthy

matters, but these vary with the stratum or rock from which they are composed. It-

woidd be impossible to give the composition of these earths correctly, for none are

exactly similar ; but the following will give an idea of the proportions of the ingre-

dients of a good brick earth : silica, three-fifths ;
alumina, one-fifth ;

iron, lime, mag-

nesia, manganese, soda, and potash forming the other one-fifth.

The clay, when first raised from the mine or bed, is, in very rare instances, in a

state to allow of its being at once tempered and moulded. The material from which

fire-bricks are manufactured has the appearance of ironstone and blue lias limestone,

and some of it is remarkably hard, so that in this and many other instances in order

to manufacture a good article, it is necessary to grind this material down into particles

as fine as possible.

Large quantities of bricks are made from the surface marls of the New Eed Sand-

stone and Blue Lias formations. These also require thorough grinding, but from their

softer nature it can be effected by less powerful machinery.

—

Chamberlain.

Eecently, some very valuable fire-bricks have been made from the refuse of the

China Clay Works of Devonshire. The quartz and mica left after the Kadin^ has

been washed out are united with a small portion of inferior clay, and made into bricks.

These are found to resist heat well, and aro largely employed in the construction of

metallurgical works. See Clay.

The general process of brick-making consists in digging up the clay in autumn;

exposing it, during the whole winter, to the frost and the action of the air, turning it

repeatedly, and working it with the spade ;
breaking down the clay lumps m spruig,

throwing them into shallow pits, to be watered and soaked for several days. The

next step is to temper the clay, which is generally done by the treading ot men or

oxen. In the neighbourhood of London, however, this process is pertormed m a
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horse-mill. The kneading of the clay is, in fact, the most laborious but indispensable

part of the whole business ; and that on which, in a great measure, the quality of the

brick depends. All tlie stones, particularly the ferruginous, calcareous, and pyritous

kinds, should be removed, and the clay worked into a homogeneous paste with as little

I
'water as possible.

, _ . .

Mr. F. "W. Simms, C.E., communicated to the Institution of Oivil Engineers, in

j
April" and May, 1843, an account of the process of brick-making for the Dover

I Eailway. The plan adopted is called slop-moulding, because the mould is dipped into

water before receiving the clay, instead of being sanded as in making sand-stock

bricks. The workman throws the proper lump of clay with some force into the

i mould, presses it down with his hands to fill the cavities, and then strikes off the-
' surplus clay with a stick. An attendant boy, who has previously placed another

mould in a water trough by the side of the moulding table, takes the mould just filled,

and carries it to the floor, where he carefully drops the brick from the mould, on its

flat side, and leaves it to dry
;
by the time he has returned to the moulding table, and

deposited the empty mould in the water trough, the brickmaker will have filled the

other mould for the boy to convey to the floor, where they are allowed to dry, and

are then stacked in readiness for being burned in clamps or kilns. The average pro-

duct is shown in the following Table :

—

Force employed Area of Land Duration of Season Produce per Week Produce per Season

1 moulder

1 temperer .

1 wheeler . >

1 carrier boy
1 picker boy

,

Hoods Perches

2 14^

"Weeks

22

Bricks

16,100

Bricks

354,200

It appears that while the produce in sand-stock bricks is to that of slop-bricks, in

the same time, as 30 to 16, the amount of labour is as 7 to 4 ; while the quantity of

land, and the cost of labour per thousand, are nearly the same in both processes. The
quantity of coal consumed in the kiln was at the rate of 10 cwt. 8 lbs. per 1000
bricks. The cost of the bricks was 21. Is. 6d. per thousand. The slop-made bricks

are fully 1 pound heavier than the sand-stock. Mr. Bennett states that at his

brick-field at Cowley, the average number of sand-stock bricks moulded per day
was 32,000 ; but that frequently so many as 37,000, or even 50,000, were formed.
The total amount in the shrinkage of his bricks was ^ths of an inch upon 10 inches

in length ; but this differed with the different clays. Mr. Simms objects to the use of
machinery in brick-making, because it causes economy only in the moulding, which
constitutes no more than about one-eighth of the total expense.
The principal machines which have been worked for this purpose are three—1st,

the pug-mill
;
2nd, the wash-mill

; 3rd, the rolling-mill.

The pug-miU is a cylinder, sometimes conical, generally worked in a vertical posi-
tion, with the large end up. Down the centre of this is a strong revolving vertical
shaft, on which are hung horizontal knives, inclined at such an angle as to form por-
tions of a screw, that is, the knives follow each other at an angle forming a series of
coils round this shaft. The bottom knives are larger, and vary in form, to throw off
the clay, in some mills vertically, in others horizontally. Some have on the bottom
of the shaft one coil of a screw, which throws the clay off more powerfully where it

is wished to 'give pressure.

The action of this mill is to cut the clay with the knives during their revolution,
and so work and mix it, that on its escape it may be one homogeneous mass, without
any lumps of hard untempered clay; the clay being thoroughly amalgamated, and in
the toughest state in which it can be got by tempering. This mill is an excellent
contrivance for the purpose of working the clay, in combination with rollers ; but
if only one mill is worked, it is not generally adopted, for, although it tempers,
mixes, and toughens, it does not extract stones, crush up hard substances, or
free the clay from all matters injurious to the quality of the ware when ready for
market. This mill can be worked by either steam, water, or horse-power; but
it takes much power in proportion to the quantity of work which it performs.
If- a brick is made with clay that has passed the pug-mill, and contains stones*
or marl not acted on by weather, or lime-shells, (a material very common in clays)*
or any other extraneous matter injurious to the brick, it is apparent from the
action of this mill that it is not removed or reduced. The result is this, the bricks
being when moulded in a very soft state of tempered material, or mud, considerably
contract in drying, but the stones or hard substances not contracting, cause the clay
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to crack
;
and even if they should not bo sufficiently largo to do this in drying, during

tlie hnng of the bricks thoro is a still further contraction of tlio clay, and an expan-
sion ot the stone from the lioat to Avhich it is subjected, and the result is generally a
laulty or broken brick, and on being di-awn from the kilns, the bricks are found to bo
imperfect.

The clay, being sufficiently kneaded, it is brought to the bench of the moulder,
who works it into a mould made of wood or iron, and strikes oiF the superfluous
matter. The bricks are next delivered from the mould, and ranged on the ground

;

and when they have acquired sufficient firmness to bear handling, they are dressed
with a knife, and stacked or built up in long dwarf walls, thatched over, and left to
dry. An able workman will make, by hand, 6,000 bricks in a day.
The diffijrent kinds of bricks made in England are principally placehricks, grey and

red stocks, marlfacing bricks, and cutting bricks. The place bricks and stocks are used
in common walling. The marls are made in the neighbourhood of London, and used
in the outside of buildings, they are very beautiful bricks, of a fine yellow colour,
hard, and well burnt, and, in every respect, superior to the stocks. The finest kind
of marl and red bricks, called cutting bricks, are used in the arches over windows and
doors, being rubbed to a centre, and gauged to a height.

Bricks, in this country, are generally baked either in a clamp or in a kiln. The
latter is the preferable method, as less waste arises, less fuel is consumed, and the
bricks are sooner burnt. The kiln is usually 13 feet long, by 10|-feot wide, and about
12 feet in height. The walls are one foot two inches thick, carried up a little out of
the perpendicular, inclined towards each other at the top. The bricks are placed on
flat arches, having holes left in them resembling lattice-work ; the kiln is then covered
with pieces of tiles and bricks, and some wood put in, to dry them with a gentle

fire.

This continues two or three days before they are ready for burning, which is known
by the smoke turning from a darkish colour to semi-transparency. The mouth or

mouths of the kiln are now dammed up with a shinlog, which consists of pieces of

bricks piled one upon another, and closed with wet brick earth, leaving above it just

room sufficient to receive a fagot. The fagots are made of furze, heath, brake, fern,

&c., and the kiln is supplied with these until its arches look white, and the fire

appears at the top
;
upon which the fiire is slackened for an hour, and the kiln allowed

gradually to cool. This heating and cooling is repeated until the bricks are thoroughly

burnt, which is generally dono in 48 hours. One of these kilns will hold about

20,000 bricks.

Clamps are also in common use. They are made of the bricks themselves, and

generally of an oblong form. The foundation is laid with place brick, or the driest

of those just made, and then the bricks to be burnt are built up, tier upon tier, as

high as the clamp is meant to be, with two or three inches of breeze or cinders

strewed between each layer of bricks, and the whole covered with a thick stratum of

breeze. The fire-place is perpendicular, about three feet high, and generally placed

at the west end ; and the flues are formed by gathering or arching the bricks over, so

as to leave a space between each of nearly a brick wide. The flues run straight

through the clamp, and are filled with wood, coals, and breeze, pressed closely to-

gether. If the bricks are to be burnt off quickly, which may be done in 20 or 30 days,

according as the weather may suit, the flues should be only at about six feet distance;

but if there be no immediate hurry, they may be placed nine feet asunder, and the

clamp left to burn off slowly.

The following remarkc by Mr. H. Chamberlain, on the drying of bricks, have an

especial value from the great experience of that gentleman, and his careful observation

of all the conditions upon which the preparation of a good brick depends.

' The drying of bricks ready for burning is a matter of great importance, and re-

quires more attention than it generally receives. From hand-made bricks we have to

evaporate some 25 per cent, of water before it is safe to burn them. In a work re-

quiring the make of 20,000 bricks per day, we have to evaporate more than 20 tons

of water every 24 hours. Hand-made bricks lose in drying about one-foiu?th of their

weight, and in drying and burning about one-third. The average of machine bricks

—those made of the stiff plastic clay—do not lose more than half the above amount

from evaporation, and are, therefore, of much greater speciflc gravity than hand-made

'^"^The artificial drying of bricks is carried on throughout the year uninterruptedly in

sheds having the floor heated by fires ; but this can only be effected in dastncts where

coal is cheap. The floors of these sheds are a series of tunnels or flues running

through the shod longitudinally. At the lower end is a pit, in which are the lurnaces

tlie fire travels up the flues under the floor of the shed, giving off its heat by the way,

and the smoke escapes at tho upper end, through a series of (generally three or four)
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smaller chimneys or stacks. The furnace end of these flues would naturally be much

i

more highly heated than the upper end near the chimneys. To remedy this, the

I floor is oonsti'ucted of a greater thickness at the fire end, and gradually diminishes to

Avdthin a short distance of the top. By this means, and by the assistance of dampers

in the chimneys, it is kept at nearly an equal temperature throughout. Bricks that

will bear rapid drTing, such as are made from marly clays or very loamy or siliceous

earths, will be fit for the kiln in from 12 to 24 hours. Before the duty was taken off

I' bricks' much dishonesty was practised by unprincipled makers, where this drying

could be carried on economically. Strong clays cannot be dried so rapidly. These

sheds are generally walled round with loose bricks, stacked in between each post or

pillar that supports the roof. The vapour given off from the wet bricks, rising to the

roof, escapes. This system of drying is greatly in advance of that in the open air, for

it produces the ware, as made, without any deterioration from bad weather ; but the

expense of fuel to heat these flues has restricted its use to the neighbourhood of

collieries. In 1845 attention was turned to the drying of bricks, and experiments

carried out in drying the ware with the waste heat of the burning kilns. The caloric,

, after having passed the ware in burning, was carried up a flue raised above the floor

I
of the shed, and gave off its spent heat for drying the ware. Although this kiln was

most useful in proving that the waste heat of a burning kiln is more than sufficient

to dry ware enough to fill it again, it was abandoned on account of the construction

J
of the kiln not being good.

'
' Another system of drying is in close chambers, by means of steam, hot water, or by

flues heated by fire under the chambers. I will, therefore, briefly describe the steam-

chamber as used by Mr. Beart. This is a square construction or series of tunnels

or chambers, built on an incline of any desired length ; and at some convenient
' spot near the lower end is fixed a large steam-boiler, at a lower level than the drying

chamber. From the boiler the main steam pipe is taken along the bottom or lower

j
end of the chamber, and from this main, at right angles, runs branch pipes of four

' inches diameter up the chamber, two feet apart, and at about three feet from the top

or arch. From there being so close and shallow a chamber between the heating surface

of the pipes and the top, and so large an amount of heating surface in the pipes, the

temperature is soon considerably raised. At the top and bottom ends are shutters or

lids, which open for the admission of the green ware at the upper end, and for the
exit of the»dry ware at the lower end of the chamber. Over the steam-pipes are fixed

iron rollers, on which the trays of bricks, as brought from the machine, are placed,

the insertion of one tray forcing the tray previously put ia further on, assisted in its

descent by the inclination of the construction. The steam being raised in the boiler

flows through the main into those branch pipes in the chamber, and from the large
amount of exposed surface becomes condensed, giving of its latent heat. From the

) incline given to the pipes in the chamber, and from the main pipe also having a fall

1 . towards the boiler, the whole of the warm water from the condensed steam flows to

I the boiler to be again raised to steam, sent up the pipes, and condensed intermittently.
' The steam entering at the lower end of the chamber, it is of course warmer than the

upper end. Along the top end or highest part of the chambers is a series of chimneys
J

and windguards, through which the damp vapour escapes. The bricks from the

j
machine enter at this cooler end charged with warm vapour, and as the make proceeds

I are forced down the chamber as each tray is put in. Thus, those which were flrst

inserted reach a drier and warmer atmosphere, and, on their arrival at the lower end,
come out dry bricks, in about 24 hours, with the strongest clays. In some cases the
waste steam of the working engines is sent through these pipes and condensed. Bricks
will dry soundly without cracking, &c., in these close chambers, when exposed to
much greater heat than they would bear on the open flue first described, or the open
air, from the circumstance of the atmosphere, although very hot, being so highly
charged with vapour. In practice, these steam-chambers have proved many principles,
but they are not likely to become universal, for they are very expensive in erection
on account of the quantity of steam-pipos, and involve constant expense in fuel, and
require attention in the management of the steam-boiler ; but their greatest defect
is the want of a current of hot air through the chamber to carry off the excess of
vapour faster than is now done. The attaining a higher degree of temperature in these
chambers is useless, unless there is a current to carry off the vapour. Wliy should
this piping be used, or steam at all, when wo have a large mass of heat being constantly
wasted, night and day, during the time the kilns are burning? and after the process
of burning the kiln is completed, we have pure hot air flowing, from 48 to 60 hours,
from the mass of cooling bricks in the kilns, free from carbon or any impurities

; this
could be directed through tho drying chambers, entering in one constant flow of hot
dry air, and escaping in warm vapour. The waste heat during the process of burnine
can be taken up fluos under tho chamber, and thereby all tho heat of our burning
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kilns may be economised and a great outlay saved in etoam-pipes, boilers, and
attention. It must not bo forgotten, also, that so largo an atmospheric condenser as
the steam-chamber is not heated without a considerable expenditure in fuel. This
drying by steam is a groat stride in advance of the old flued shed ; but practical men
must see the immense loss incurred constantly from this source of the spent heat of the
burning kilns, and that by economising it, an immense saving will bo effected in the
manufacture. The kilns are constructed as near the lower end of these chambers as
convenient.'

A kiln for attaining the object of the one built in 1846 by Mr. Chamberlain is
worked at Epson; but with this diflferonce, that the smoke is consumed. The
drying shed is kept quite close, that the hot flues may raise the temperature
so high as to dry the ware. In this kiln the heated gases escape from the top, after
passing up through tho ware, into flues, and are carried to the ground, and
thence into tho drying shed, which is a very large construction in proportion
to tho size of tlie kiln, and holds nearly sufiicient ware to fill four kilns. In
this shed the heat passes up a hollow wall, about six feet high, and after running
through the length of the shed on one side, returns down similar flues on the opposite
side of tho shed, and is again carried to the kiln, tlirough the bottom of which it passes
in two close flues between the three kiln-furnaces, with the exception of small aper-
tures, through which the beat enters to consume the smoke. From these return flues

tho spent gases rise up a shaft at the end of the kiln. One result of carrying these
return flues through the kiln, is the attaining a great draft or suction in the flues to
carry off vapour.

The common brick kiln is a rectangular building, generally open, but sometimes
arcbed over. In tho side walls and opposite to each other, are built fireplaces, or
holes for the insertion of the fuel. The furnaces are formed in the setting of the
kiln with unburnt bricks, and above these the kiln is filled as above described. In
these kilns, from the raw ware forming the furnace, the flash of the flame, from the
fires of the walls, too often vitrefies and destroys the nearest bricks. In the open
kiln, as the fixe or heat reaches to the top, the fireman soils or earths it down, which
throws tho draft to another part more backward

; and, as it continues to rise, he pro-
ceeds with this operation until all the top is earthed in ; he then continues the firing

until the whole has sunk, by the contraction of the clay in the fire, to the desired
depth. The fire-holes are then stopped up -ndth mud, and the kiln is left to cool

gradually. If the air were admitted too rapidly while the kiln was at this intense

heat, it woidd cause bricks,.made with strong clays, to fiy to pieces like glass ; it is,

in fact, the process of annealing, Cooling too quickly also affects, in many clays,

the colour of the bricks.

Temporary kilns are constructed in the country, with unburnt bricks, and called

clamps. In Staffordshire, the bricks are burnt in small round kilns, called ovens
which hold from 7,000 to 8,000 bricks each ; these are burnt from fire in the walls

round the ovens, and the raw ware is set in, so as to form a flue from each fire, to

direct the flame to the centre. These ovens burn very quickly, and a most intense

heat can be obtained in them. Mr. Chamberlain must be again quoted on the burn-

ing of bricks :

—

'I will now more fuUy describe a principle of burning which I have had in

practice for the last six years, and which I can therefore recommend with great con-

fidence. The great object in brick-making is to attain a sufficient heat to thoroughly

burn the ware with as small a consumption of coal as possible ; and with nearly an
equal distribution of the heat over all parts, so that the whole of the ware, being

subjected to the same temperatiu-e, may contract equally in bulk, and be of one

uniform colour throughout. The advantage is also gained of burning in much less

time than in the old kilns, which, on an average, took a week ; and the management
is so simplified that any man, even though not at all conversant with the manufacture,

after he has seen one kiln burnt, will be able to manage another ; and the last, though

not least, advantage is, that of delivering up to us the waste heat at the ground level,

or under the floor of the kiln, to be used in drying the green ware, or in partially

burning the next kiln.

' Hitherto the heat has been applied by a series of fireplaces, or flues and openings

round the kiln, each exposed to the influence of the atmosphere ; and in boisterous

weather it is very difficult to keep tho heat at all regular, tho consequence of which

is, tho unequal burning we often see. The improvements sought by experimentalists

have been the burning tho goods equally, and, at the same time, more economically.

These are obtained by tho patent kilns, as improved by Mr. Eobert Scrivener, of

Shelton, in tho Staffordshire Potteries. The plan is both simple and effective, and is

as follows :—A furnace is constructed in the centre of the kiln, much below the floor

level, and so built that the heat can be directed to any part of tho kiln at the pleasure
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of the fireman Pirst, the heat is directed up a tube in' the centre to the top of the

oven or kiln and, as there is no escape allowed to take place there, it is drawn down

thrnuffh the eoods by the aid of flues in connection with a chimney. Thus, all the

caloric generated in the furnace is made use of, and, being central, is equally diffused

throu<^hout the mass ; but, towards the bottom, or over the exit flues, the ware would

not be sufficienly burnt without reversing the order of finng. In order to meet this

reauirement there is a series of flues under the bottom, upon which the goods are

placed with small regulators at the end of each ; these regulators, when drawn back,

allow the fire to pass under the bottom, and to rise up among the goods which are not

sufficiently fired, and thus the burning is completed. By means of these regulators

the heat may be obtained exactly the same throughout ; there is, therefore, a greater

dooree of certainty in firing, and a considerable saving of fuel, with the entire con-

sumption of the smoke. From the fire or draught being under command, so as to be

aUowed either to ascend or descend through the ware during the time of burning or

coolino', the waste caloric can be economised and directed through the adjoimng kiln

in order to partiaUy burn it, or be used in drying of the raw wares on flues or in

chambers. I have found the saving of fuel in these kilns, over the common kiln,

50 per cent. ; and to give an indea of the facility with which they can be worked, it

is common for my men to fill the kiln, burn, cool, and discharge it in six days.

^^In France attempts were long ago made to substitute animals and machines for the

treading of men's feet in the clay kneading pit; but it was found that their schemes

could not replace, with advantage, human labour where it is so cheap, particularly for

separating the stones and heterogeneous matter, from the loam.
_
The more it is

worked, the denser, more uniform, and more durable, the bricks which are made ot

it A good French workman, in a day's labour of 12 or 13 hours, it has been said,

is able to mould from 9,000 to 10,000 bricks, 9 inches long, 4|- inches_ broad, and 2^

thick ; but he must have good assistants under him. In many brick-works near

'Paris, screw presses are now used for consolidating the bricks and paving tiles in

their moulds. M. Molerat employed the hydraulic press for the purpose of con-

densing pulverised clay, which, after baking, formed beautiful bricks ; but the process

was too tedious and costly. An ingenious contrivance for moulding bricks mechani-

cally is said to be employed near Washington, in America. This machine moulds

30,000 in a day's work of 12 hours, with the help of one horse, yoked to a gin-

wheel, and the bricks are so dry when discharged from their moulds, as to be ready

for immediate burning. The machine is described, with figures, in the ' Bulletin de

la Soci^t^i d'Encouragement,' for 1819.

Mechanical Brick Moulding.—^Messrs. Lyne and Stainford obtained, in August

1825, a patent for a machine for making a considerable number of bricks at one

operation. It consists, in the first place, of a cylindrical pug-mill of the kind usually

employed for comminuting clay for bricks and tiles, furnished with rotatory knifes,

or cutters, for breaking the lumps and mixing the clay with the other materials of

which bricks are commonly made. Secondly, of two movable moulds, in each of

which fifteen bricks are made at once ; these moulds being made to travel to and fro

in the machine for the purpose of being alternately brought under the pug-mill to

be filled with the clay, and then removed to situations where plungers are enabled

to act upon them. Thirdly, in a contrivance by which the plungers are made to

descend, for the purpose of compressing the material and discharging it from the

mould in the form of bricks. Fourthly, in the method of constructing and working

trucks which carry the receiving boards, and conduct the bricks away as they are

formed.

Fig. 254 exhibits the general construction of the apparatus ; both ends of which

being exactly similar, little more than half the machine is represented, a is the

cylindrical pug-mill, shown partly in section, which is supplied with the clay and

other materials from a hopper above ; b b are the rotatory knives or cutters, which

are attached to the vertical shaft, and, being placed obliquely, press the clay down
towards the bottom of the cylinder, in the act of brealdng and mixing it as the shaft

revolves. The lower part or the cylinder is opened ; and immediately under it the

mould is placed in which the bricks are to be formed. These moulds run to and
fro upon ledges in the side frames of the machine ; one of the moulds only can be

shown by dots in the figure, the side rail intervening : they are situated at c c,

and are formed of bars of iron crossing each other, and encompassed with a frame.

The mould resembles an ordinary sash window in its form, being divided into

rectangular compartments (fifteen are proposed in each) of the dimensions of the

intended bricks, but sufficiently deep to allow the material, after being considerably

pressed in the mould, to leave it, when discharged, of the usual thickness of a, common
brick.
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Tlio mould boing opon at top and bottom, tho material is allowed to pass into it,
when situated exactly under tlio cylinder ; and the lower side of the mould, when eo

_ 254

placed, it is to be closed by a flat board d, supjiorted by the truck e, which is raised by

a lever and roller beneath, running upon a plain rail with inclined ends.

The central shaft,/, is kept in continual rotatory motion, by the revolution of the

upper horizontal wheel g, of which it is the axis ; and this wheel may be turned by a

horse yoked to a radiating arm, or by any other means. A part of the circumference

of the wheel g, has teeth, which are intended at certain periods of its revolution to

take into a toothed pinion, fixed upon tho top of a vertical shaft h k. At the_ lower

part of this vertical shaft there is a pvdley i, over which a chain is passed that is con-

nected to the two moulds c, and to the frame in which the trucks are supported
;
by

tho rotation of the vertical shaft, the pulley winds a chain, and draws the moulds and

truck frames along. v j •
i.

The clay and other material having been forced down from the cylinder into tlie

mould, the teefeh of the horizontal wheel g, now come into gear with the pinion upon

h, and turn it and the shaft and pulley i, by which the chain is wound, and the mould

at the right hand of the machine brought into the situation shown in the figure
;

a

scraper or edge-bar under the pug-mill having levelled the upper face of the clay in

the mould, and the board d, supported by the truck e, formed the flat under-side.

The mould being brought into this position, it is now necessary to
_

compress tlio

materials, which is done by the descent of the plungers k k. A friction-roUor /,

uendant from the under side of the horizontal wheel, as that wheel revolves, comes in

contact with an inclined plane, at the top of the shaft of the plungers ;
and, as the

friction-roUer passes over this inclined plane, the plungers are made to descend into

the mould, and to compress the material ; the resistance of the board beneath causing

the clav to be squeezed into a compact state. Wlien this has been effectually accom-

plished, the further descent of the plungers brings a pm, m, against the upper end of

a quadrant catch-level, n, and, by depressing this quadrant causes the balance-le^-er

upon which the truck is now supported to rise at that end, and to allow the truck

w?th the board d to descend, as shown by dots ; the plungers at the same timo forcing

m t the bricks from the moulds, whereby they are deposited upon the board d
;
when.

Tcbawing the truck fomard out of the machine, the board with the bricks may be

^emovel anfreplaced by another board. The tmck may then be again introduced

into the machine, ready to receive the next parcel ot bricks.
«. .. j

Bv the iime that the^discharge of the bricks from this mould has b en effected the

othe^ mou^d under the pug cylinder has become filled -tli the «lay when tho toeUi o

tho horizontal wheel coming round, take into a pmion upon tlio top of a ^crtlcal
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shaft, exactly similar to that at h, but at the reverse end of the macl ino, and cause

the moulds and the frame supporting the trucks to be sbddon to the left end of the

machine • the upper surface of the moiild being scraped level m its progress, in the

wav akeadv described. This movement brings the frction-wheol. o, up the inclined

Diane and thereby raises the truck, with the board to the under side of the mould,

ready to receive another supply of clay ; and the mould at the left-hand side of the

maclune being now in its proper situation under the plungers, the cla,y becomes com-

pressed, and the bricks discharged from the mould m the way described m the

former instance; when this truck being drawn out, the bricks are removed to be

dried and baked, and another board is placed in the same situation. There are boxes,

upon each side of the pug cylinder containing sand, at the lower parts of which
^' ^

. small sliders are to be opened
"^^^ (by contrivances not shown

in the figure) as the mould
passes under them, for the

purpose of scattering sand

upon the clay in the mould
to prevent its adhering to

the plungers. There is also

a rack and toothed sector,

with a balance-weight con-

nected to the inclined plane

at the top of the plunger-

rods, for the purpose of rais-

ing the plunger after the

friction-roller has passed

over it ; and there is a spring acting against the back of the quadrant-catch, for_ the

purpose of throwing it into its former situation, after the pin of the plunger has risen.

An effective machine for brick-making is that patented by Mr. Edward Jones, of

Birmingham, in August 1835. His improvements are described under four heads:

the first applies to a machine for moulding the earth into bricks in a circular frame-

plate horizontally, containing a series of moulds or rectangular boxes, standing

radially round the circumference of the circular frame, into which boxes successively

the clay is expressed from a stationary hopper as the frame revolves, and after being

256 so formed, the bricks are succes-

sively pushed out of their boxes,

each by a piston acted upon by an
inclined plane below. The second

head of the specification describes

a rectangular horizontal frame,

having a series of moulding boxes
placed in a straight range, which
are acted upon for pressing the clay

by a corresponding range of pistons

fixed in a horizontal frame, worked
up and down by rods extending

from a rotatory crank shaft, the moulding boxes being allowed to rise for the purpose
of enabling the pistons to force out the bricks when moulded, and leave them upon the
bod or board below. Xhe third head applies particularly to the making of tiles for the
flooi-ing of kilns in which malt or grain is to be dried. There is in this contrivance a
rectangular mould, with pointed pieces standing up for the purpose of producing air-holes

through the tiles as they are moulded, which is done by pressing the clay into the moulds
upon the points, and scraping off the superfluous matter at top by hand. The fourth
or last head applies to_ moulding chimney-pots in double moulds, which take to pieces
for tlie purpose of withdrawing the pot when the edges of the slabs or sides are
sufficiently brought into contact.

Fig. 265 represents, in elevation, the first-mentioned machine for moulding bricks.
The moulds are formed in the face of a circular plate or wheel, a a, a portion of the
upper surface of which is represented in the horizontal view, jig, 266. Any
convenient number of those moulds are sot readily in the wheel, which is mounted
upon a central pivot, supported by the masonry h b. There is a rim of teeth round
the outer edge of the wheel a a, which take into a pinion, c, on a shaft connected to
the first mover ; and by these means the wheel a, with the moulding boxes, is made
to revolve horizontally, guided by arms with anti-friction rollers, which run round a
horizontal plate, a a, fixed upon the masonry.
A hopper, c, filled with the brick earth, shown with one of the moulding boxes in

section, is fixed above the face of the wheel in such a way, that tho earth may descend
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from tho hopper into the several moulding boxes as the wheel passes round under it,

tho earth being pressed into tho moulds, and its surface scraped off smooth by a
conical roller,/, in tho bottom of the hopper.

_
Through the bottom of each moulding box there is a hole for the passage of a

piston-rod,^, the upper end of -which rod carries a piston with a wooden pallet upon
it acting within the moulding box ; and the lower end of this rod has a small anti-
friction roller, which, as tho wheel a revolves, runs round upon the face of an oblique
ring or inclined way, h h, iixod upon the masonry.
Tho clay is introduced into tho moulding boxes from the hopper fixed over the

lowest part of tho inclined way Ji ; and it will bo perceived that as tlie wheel revolves,

the piston-rods, g, in passing Tip the inclined way, will cause tho pistons to force tho

new-moulded bricks, with their pallet, or board, under them, severally up tho mould,
into the situation shown at i, in Jig. 256, whence they are to be removed by hand.
Fresh pallets being then placed upon the several pistons, they, with the moulds, will

be ready for moulding fresh bricks, when, by the rotation of the wheel, a, they are

severally brought under the hopper, the pistons having sunk to the bottoms of their

boxes, as the piston-rods passed down the other side of the inclined way h.

Tho second head of tho invention is another construction of apparatus for moulding
bricks, in this instance in a rectangular frame. Fig. 257 is a front elevation of tho

machine
; Jig. 258, a section of the same taken transversely, a a is tho standard

frame-work and bed on which the bricks are to be moulded. Near the corners of

this standard frame-work, four vertical pillars, b b, are erected, upon which pillars

257 268

1 [

tho frame of the moulding boxes, c, slides up and down, and also the bar, d, carrying

the rods of tho pistons, e e e. These pistons are for the purpose of compressing the

clay in the moulding box, and therefore must stand exactly over and correspond with

the respective moulds in the frame c, beneath.

The sliding frame, c, constituting the sides and ends of the moulding boxes, is sup-

ported at each end by an upright sliding rod,/, which rods pass through guides fixed

to the sides of the standard frame, a a, and at the lower end of each there is a roller,

bearing upon the levers, g, on each side of the machine, but seen only in fg. 258,

which levers, when depressed, allow the moulding boxes to descend and rest upon

the bod or table of the machine h h.
, , , , • , ,.1.

• x i.

In this position of the machine resting upon the bed or table, the brick-earth is to be

placed upon, and spread over, tho top of tho frame c, by the hands of workmen, when

the descent of the plunger or pistons e e e will cause the earth to be forced into tUe

moulds, and tho bricks to be formed therein. To effect this, rotatory power is to be

appHed to the toothed wheel i, fixed on the end of the main driving crank-shaft kk,

which on revolving will, by means of the crank-rods 1 1, bring down tlie bar «, with

the pistons or plunger e e e, and compress the earth compactly into the moulds, and

'''wt'^'Xs'tS done, tho bricks are to be released fr.m the moulds by the

moulding frame, c, rising up from the bed, as shown in fg. 267, tho pistons sti 1 re-

maSi^g depressed and bearing upon the upper surfaces of the bncks The moulding

Same fs raised by moans of cams! m, upon the crank-shaft which at this part of the

operation are brought under tho levers 5^, for tho purpose of raising the cams and tho

eliding rods /into tho position shown in Jig. 268.
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The bricks having been thus formed and released from their moulds, they are to bo

removed from the bed of the machine by pushing forward, on the front side, fresh

boards or pallets, which of course will drive the bricks out upon the other side, whence

they are to be removed by hand.
„ , „

There is to be a small hole in the centre of each pallet, and also in the bed, for the

purpose of allowing any superfluous earth to be pressed through the moulding boxes

when the pistons descend. And in order to cut off the projecting piece of clay which

would be thus formed on the bottom of the brick, a knife-edge^ is in some way con-

nected to the bed of the machine, and as the brick slides over it, the knife separates

the protuberant lump ; but the particular construction of this part of the appara,tus is

considered to be of little importance, and the manner of effecting the object is not

clearly stated in the specification.

Fig. 259 represents Mr. Hunt's machine. The principal parts consist of two cylin-

ders, each covered by an endless web, and so placed as to form the front and back of

a hopper, the two sides being iron plates, placed so that when the hopper is filled

with tempered clay from the pug-mill, the lower part of the hopper, and consequently

the mass of clay within it, has exactly the dimensions of a brick. Beneath the hopper

an endless chain travels simultaneously with the movement of the cylinders. The

pallet-boards are laid at given intervals upon the chain, and being thus placed uiider

the hopper, while the clay is brought down with a slight pressure, a frame with a

wire stretched across it is projected through the mass of clay, cutting off exactly the

thickness of the brick, which is removed at the same moment by the forward move-

ment of the endless chain. This operation is repeated each time that a pallet-board

comes under the hopper.

There are numerous machines in use for the manufactiire of bricks. For the
manufacture of perforated bricks, Mr. Beart's machine is the most generally em-
ployed. Mr. Chamberlain thus describes it :—' The mostuniversally used die-machine
which has been extensively worked up to the present time is Mr. Beart's patent for
perforated bricks. This gentleman, who is practically acquainted with these matters,
in order to remedy the difficulties I have mentioned in expressing a mass of clay
through a large aperture or die, hung a series of small tongues or cores, so as to form
hollow or perforated bricks. By this means the clay was forced in its passage
through the die into the corners, having the greater amount of friction now in the
centre. Still, the bricks came out rough at the edge with many clays, or with what
is termed a jagged edge. The water-die was afterwards applied to this machine, and
the perforated bricks, now so commonly used in London, are the result. In Mr.
Beart's machine, which is a pug-mill, the clay is taken after passing through the
rolling-mill, and being fed in at the top, is worked down by the knives. At the
bottom are two horizontal clay-boxes, in which a plunger works backwards and for-
wards. As soon as it has reached the extremity of its stroke, or forced the clay of
one box through the die, the other box receiving during this time its charge of clay
from the pug-mill, the plunger returns and empties this box of clay through a die on
the opposite side of the machine. The result is, that while a stream of clay is being
forced out on one side of the machine the clay on the opposite side is stationary, and
can, therefore, be divided into a series of five or six bricks with the greatest correct-
ness by hand. Some of these machines have both boxes on one side and the plungers
worked by cranks. This machine cannot make bricks unless the clay has previously
passed through rollers, if coarse ; for anything at all rough, as stone or other hard
substance, would hang in the tongues of the die. But the clay being afterwards
pugged in the machine is so thoroughly tempered and mixed, the bricks when
made cannot be otherwise than good, provided they are sufficiently fired. As to the
utility of hollow or perforated bricks, that is a matter more for the consideration of tho

Vol. I, Ikl m ^
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arcliitoct or builder than for tlio brick-makor. Perforated bricks are a fifth Icbb in

weight than solid ones, which is a matter of Home importance in transit; but it takes

considerably more power to force the clay througli those dies than for solid brick-

making. In the manufacture of perforated bricks, there is also a royalty or patent-

right to be paid to Mr. Beart.'

Mr. Chamberlain's own machine is in principle as follows {fig. 260) :—-The clay is

fed into a pug-mill, placed horizontally, which works and amilgamates it, and then

forces it oft' through a mouth-piece or die of about 65 square inches, or about half an

inch deeper and lialf and inch longer than is required for the brick, of a form similar

to a brick on edge, but with corners well rounded off, each corner forming a quarter of

a 3-inch circle, for clay -mil pass smoothly through an aperture thus formed, but not

through a keen angle. After the clay has escaped from the mill it is seized by four

rollers, covered with a porous fabric (moleskin), driven at a like surface speed from

connection with the jTOg-mill. These rollers are two horizontal and two vertical ones,

having a space of 46 inches between them; they take this_ larger stream of rough

clay, and press or roll it into a squared block, of the exact size and shape of a brick

edgeways, with beautiful sharp edges, for the clay has no friction, being drawn through

by the rollers instead of forcing itself through, and is delivered in one unbroken

stream. The rollers in this machine, perform the functions of the die in one class of

machinery, and of the mould in the other. They are, in fact, a die with rotating

surfaces. By hanging a series of mandrels or cores between these rollers, or by

260

merely changing the mouth-piece, we make hollow and perforated bricks, without any

alteration in the machine. . . . „ ,

Messrs. Bradley and Craven, of Wakefield, have invented a very mgemous bnck-

makine f ^f/. 261) machine :— , , . , . .

It consists of a vertical pug-mill of a peculiar form, and greatly improved construe-

tion, into the upper part of which the clay is fed.
_
In this part of the aparatus the

clay undergoes the most perfect tempering and mixing, and on reaching the bottom ot

?he mill thoroughly amalgamated, is forcibly pressed into the moulds of the form

and Ize of bricks required, which are arranged in the form of a circular revolving

^
As'this table revolves, the piston-rods of the moulds ^^'^^^^'^

^'^^jf
gradually Uft the bricks out of the mou ds, whence hey are

^^^''^J'^'^^l^^^^^
by a boy, and placed on an endless band which carries the bricks direct to the waUer,

'"SJ^^^^^^^^^ - - ai^anged that t^e

operations pugg^nr-ulLg, and delivering P^e^f-^^^^^^^^^^^^^

i ^^^^^ ^S eiJ.h.se

a^Xo-of'Sie^^^^^^^^^^ the clay, and the ge^^^^^^^^^^^

which it is subjected in the moulds, the bricks produced by this macliino are pertect,
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and from tho stiffness of the clay used, loss wator lias to bo evaporated in the drying,

thus saving one half the time reqxiired for hand-made bricks, and avoiding the risk of

loss from bad weather.

The folio-wing remarks by Dr. lire are deserving of attention :

—

'The brick kilns and clamps round London and other large cities, which are fired
with the breeze rubbish collected from dust-holes that contain the refuse of kitchens,
&c., emit, in consequence, most unpleasant efiSuvia ; but brick kilns fired with clean
coke or coal give out no gases of a more noxious nature than common household
fires. The consideration of this subject was closely pressed upon my attention on
being consulted concerning an injunction issued by the Chancellor against a brick
clamp in the Isle of Wight, fired with clean coke-cinders from the steam-engine fur-
nace at Portsmouth Dockyard. The bricks, being of the description called sand stock,
were of course made in moulds very slightly dusted with sand, to make them fall
freely out. The sand was brought from Portsmouth Harbour, and, on being subjected
to a degree of heat more intense certainly than it could suffer in the clamp, was
thought to give out traces of hydrochloric acid.

'As it is well known to the chemist that common salt strongly ignited in contact
^^th moist sand will emit hydrochloric acid, there was nothing remarkable in the
above observation; but I ascertained that the sand with which the moulds were
strewed would give out no hydrochloric acid at a heat equal at least to what the
bricks were exposed to m a clamp 10 or 12 feet high, and fired at its bottom only
with a layer of "cinders 3 or 4 inches thick. But I further demonstrated that the
entire substance of the bnck, with its scanty film of sand, on being exposed to igni-
tion m a suitable apparatus, gave out—not hydrochloric or any other corrosive acid,
but ammonia gas. Hence, the allegations that the clamp sent forth a host of acid
gases to blight the neighbouring trees were shown to be utterly groundless • on the
contrary, the ammonia evolved from the heated clay would act beneficiaily upon
vegetation, while it was too small in quantity to annoy any human being A few
yards to leeward of a similar clamp in full activity, I could perceive no offensive
odour. All ferruginous clay, when exposed to the atmosphere, absorbs ammonia from
it, and of course emits it again on being gently ignited.'

Floating bricks are a very ancient invention
;
they are so light as to swim in water •

and Pbny tells us that they were made at Marseilles, at Colento, in Spain and at
Pittano, in Asia. This invention, however, was completely lost until M Pabroni
pubbshed a discovery of a method to imittito the floating bricks of the" ancients

M M 2
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According ta Posidonius, those bricks wcro made of a kind of argillaceous earth, which

was employed to clean silver plate. But as it could not be our tripoli, which is too

heavy to float in water, M. Fabroni tried several experiments with mineral agaric,

guhr, lac-lunae, and fossil meal, which last was found to bo the very substance of

which he -was in search. This earth is abundant in Tuscany, and is found near Cas-

teldelpiano, in the territories of Sienna. According to the analysis of M. Fabroni, it

consists of 65 parts of siliceous earth, 16 of magnesia, 14 of water, 12 of alumina, 3

of lime, and 1 of iron. It exhales an argillaceous odour, and, when sprinkled with

water, throws out a light-whitish smoke. It is infusible in the fire, and, though it

loses about an eighth part of its weight, its bulk is scarcely diminished. Bricks com-

posed of this substance, either baked or unbaked, float in water ; and Jgth part of clay

may bo added to their composition without taking away their property of swimming.

These bricks resist water, unite perfectly with lime, are subject to no alteration from

heat or cold, and the baked differ from the unbaked only in the sonorous quality which

they have acquired from the fire. Their strength is little inferior to that of common

bricks, b\it much greater in proportion to their -weight ; for M. Fabroni found that a

floating brick, measuring 7 inches in length, 4^ in breadth, and 1 inch 8 lines in

thickness, weighed only 14|- oz., whereas a common brick weighed 5 lbs. 6| oz.

As an experiment, M. Fabroni constructed the powder magazine of a ship of these

bricks ; the vessel was set on fire, and sank without exploding the powder.

This earth has been found near Clermont, in the Auvergne. Ehrenberg has shown

that it is entirely composed of microscopic siliceous shells. Bricks composed of this

earth weigh only half as much as the ordinary ones.

Fire bricks are made extensively in the neighbourhood of Newcastle-on-Tyne and

at Stourbridge. For the analyses of the clays of which these and others are con-

structed, see Clay. •

, . , • j

Sione Sricks.—These are manufactured at Neath, in Glamorganshire, and are very

much used in the construction of copper furnaces at Swansea. They are usually

known as the ' Dinas bricks.' .

The materials of which the bricks are made are brought from a quarry in the

neighbourhood. They are very coarse, being subjected to a very rude crushing

operation under an edge stone, and, from the size of the pieces, it is impossible to

mould by hand! There are three qualities, which are mixed together with a little

water, so as to give the mass coherence, and in this state it is compressed by the

machine into a mould. The brick which results is treated m the ordinary way, but

it resists a much greater heat than the Stourbridge clay brick, expands more by heat,

and does not contract to its original dimensions. The composition of the three

materials is as follows :

—

From Pendreyn From Dinas

SiHca 94-05 100- 91-95

Alumina, with a trace of ox. iron 4'55 traces «-ua

Lime and magnesia .... traces traces

98-60 100- 100-00

—Dr. Eichardson : Knapp's Technology.

Since the introduction of the Siemens gas-furnace, and the Bessemer process for

cast-sSel manSacture, into countries which, unlike our own, are not well supplied

wTth fire-r™sSg materials, great difi&culty has been experienced in obtaimng

briis of a sSntTy refracto^ character to'withstand the extremely l^igh tempem-

tofrvelope^rttUting chamber, as weU as the sud^n and -olent altern^io^^^

in other mrts of the furnace. In order to obviate this difficulty, Mr. Joseph iinern,

a wellSnown Austrian metallurgist, has introduced a plan of manufacturing sihceous

brTck whkh h^de cribes as being superior to any other refractory matenal obtained

in Austrir The chief ingredient is quartz of the highest possible degree of purity.

The hammer weighs 2^ ^wts and is capab e o c^^^^^^
^ ^^^^ ^

Two varieties of clay are used, diffenng fff^ P
f^^^^^^^^

grinding under edge

careful weathering, pulverisation under stamp-head^^^^^^^^

rollers ; a final sifting is performed through
^

siojo of COO^apert

purest quartz is reserved for the first quality of bnck, which liave w r b b
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heat • while the second and third class, for less exposed positions, are made chiefly of

the remains of bricks Tvhich have been already used, ground and sifted afresh. The
following are the mixtures employed :

—

First class : 16 parts of quartz to 1 plastic clay, or 14 parts of quartz to 1 of leaner

clay. Second class: 16 parts of ground bricks of the 1st class, to 1 of clay. Third

class : 8 parts of ground bricks of the 2nd and 3rd classes, to 1 of clay.

The latter class are made more with a view to obtain mechanical strength than fire-

resisting power.

The materials are mixed together dry, and are thoroughly incorporated by knead-

ing with water, and treading under men's feet ; about 18 cubic feet are operated

upon at one time. Sufficient water must be added to allow the mixtiire to be worked

into a ball between the fingers without crumbling. The second and third class

bricks are formed in open moulds, the stuff being beaten down by a metal rammer of

about 4^ lbs. weight; the first class, however, are subjected to a pressure of about

3 tons to the square inch dxixing a period of three quarters of an hour, before they

are removed from the motilds. The drying takes place in chambers, tlorough which

a current of air passes, at the ordinary temperature in summer, but artificially warmed
in winter ; the bricks are fit for burning in from 4 to 6 days. The kilns are rect-

angular chambers, each having two step-grate fireplaces in one of the shorter sides,

and a fiue communicating with a high chimney at the opposite end. The capacity is

about 2,300 or 2,500 bricks. As soon as the kiln is filled, the charging aperture is

partly closed, and a gentle fire is kept in the grates, the flue damper being shut.

After 36 hours, the charging hole is entirely closed, and the draught is urged by
opening the damper inch by inch at intervals, until, at the end of 65 or 70 hours, the

whole of the charge has attained a strong white heat. The fires are then removed,

the damper is shut down, the grates are filled with sand, and any cracks that may
have formed in the kiln are carefully luted up. After standing in this way for 24
hours, the charging place is gradually opened, and in from 36 to 48 hours more, the

burnt bricks may be removed.

BRICK CXiAV. The familiar term for any clay used in the manufacture of
bricks. A good clay for this purpose is a silicate of alumina, combined in various

proportions with sand. BricJc clay is used by geologists in contradistinction to

Boulder clay.

BBXCK EARTH. A marly earth, containing much alumina, largely employed
in brick-making.

BRICK Klliia-. See Kilk.
BRICK OIIi. This is a relic of old pharmacy : it was prepared by putting red-

hot roughly powdered brick into linseed oil. It is no longer used, except by old
apothecaries and druggists in remote country towns.
BRICK REB COPPER ORE. See TiXE Obe.
BRIDGE. See Ikon Bkidge.
BRIIMCSTOKTE. {Sotifre, Fr.

; Schwefel, Ger.) SxTLPHtm.
Our Imports of Brimstone for the years ending 1871 were as follows:

—

1869 1870 1871
Quantity Value Quantity Value Quantity Value
Cwts. £ Owts. £ Owts. £

1,015,329 388,723 1,066,360 386,660 937,049 303,717

BRZSTI.E. The stiff glossy hair of swine, which grows chiefiy on the backs of
those animals, both in the wild and the domesticated state. Bristles are used in the
manufacture of brushes.

In 1864 our Imports of Bristles from Eussia were 1,968,112 lbs., valued at 262,923?.;
from Prussia 69,113 lbs., valued at 7,635?. ; from Hamburg 207,274 lbs., valued at
26,772?. ; from Belgium 34,880 lbs., valued at 4,505?. ; from France 51,869 lbs.,
valued at 6,699?. ; from other parts 34,897 lbs., valued at 4,507?. : total amount,
2,346,136 lbs., valued at 303,041?. In the same year we exported 12,396 lbs. valued
at 2,264?. The importations for 1872 were :—From Eussia, 1,800,933 lbs.; from
Germany, 872,727 lbs. ; from Holland, 492,921 lbs.; from Belgium, 94,842 lbs.;
from Franco, 60,030 lbs. ; and from other countries, 46,642 lbs. The total valua
being 517,809?.

BRZSTOX. BIABCOKTBS. Brilliant crystals of quartz, found in the St. Vincent
Eocks, near Bristol. They are often cut and polished for ornaments.
BRITAKTWIA METAZi. An alloy of tin with copper and antimony. In the

best kinds a little nickel is used. See Allots.
BRITISH GITItl. See Dextrine.
BRITTI.E SII.VER-GI.AirCE. See SiLVBK ObbS,
BRITTI.E SIX.VER ORE. See SiLVBB Oebs.
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BKITTXiB SVI.PRUXIET OF SIXVER. Soo Silver Ours.
BROAD CIiOTH. A lino kind of wooUon cloth, -whicli excoodfl twonty-nine

inches in Avidth. All of loss width iiro known as narrow cloths.

BROAD GAVGB. Eails laid wide apart, as on tho Groat Western Eailway and
its branches, in contradistinction to tho narrow gauge, as on all tho other railways of

tho Kingdom. Tho broad gauge rails are 6 foot apart ; the narrow gauge rails 4J foot.

BROAD ]LEAF. Tho Tcrminalia latifolia, a tree, native of Jamaica, tho wood of

which is used for boards, scantlings, shingles, and staves. It is sometimes mistaken

for the almond treo, OAving to tho shape of its fruit. Seo Tkeminalia.

BROADSIDE. A seaman's term—tho full length or side of a ship. A printer's

term— a. full printed page of any sized sheet.

BROCADE. A rich stout silk, formerly much worn by ladies of rank. A namo

commonly given to any variety of stuff upon which raised flowers aro embroidered.

The name is also given to a cloth of silk and gold manufactured in Eastern countries.

BROCATEIiIiE. Linsey-woolsey is so called in Eranco. A silk material which

is used for lining carriages.

BROCATEIiIiI IVXARBXjE. An artificial marble made from fragments of

natural marbles united by moans of an artificial cement.

BROCHAIVTXTE. An ore of copper found in this country at Eoughton GiU, in

Cumberland. It has also been discovered in Siberia, Nassau, and elsewhere. Its

composition is sulphuric acid, 177 ;
protoxide of copper, 70-3

; water, 12-0.

BROCKRAAC. A Cumberland miner's term for a breccia.

BROMA. A preparation of chocolate.

BROIMCACETXC ACID.—Obtained by Messrs. Perkin and Duppa. They take

a mixture of crystallisable acetic acid and bromine in the proportion of equal

equivalents, introduce it into a sealed tube, which is placed in an oil bath and heated

to" 150° C. The mixture which is nearly colourless, or of a light amber colour, is

transferred to a retort, and the excess of acetic acid driven off by heating to 200° _C.

On cooling, a beautiful white crystalline solid is obtained, which is bromacetic acid,

together with hydrobromic acid and bibromacetic acid. Tho mixed acids are heated to

130° C, carbonic acid passed until the reaction of hydrobromic acid, with nitrate of

silver, is no longer evident. Carbonate of lead is then added, the whole heated to

100° 'c, and allowed to stand for some hours ; the liquid filtered off from the

crystalline deposit.

The acid thus obtained crystallises in rhombohedra, is exceedingly deliquescent, and

very soluble in water or alcohol. It fuses below 100° C, and boils at 208° C. When

distilled with acetate of potassium, it gives off acetic acid ; when heated with metallic

zinc, it yields acetate and bromide of zinc.

It attacks the epidermis powerfully, raising a blister like that produced by a bum.

It forms crystallisable salts with most bases, many of which decompose rapidly.

Messrs. Perkin and Duppa have formed the salts of the alkalis and alkaline earths.

The lead salt is obtained by neutralising bromacetic acid with oxide of lead, and

recrystallising in water, washing the crystalline precipitate with cold water, and re-

crystaUising from water.
. , . , •, ^ » m

The silver salt is obtained by treating bromacetic acid with carbonate ot_ silver, or

by adding solution of bromacetic acid to solution of nitrate of silver. It is thrown

down as a crystalline precipitate.

Bromacetate of methyl is a colourless mobile liquid, having an aromatic odour
;

it

boils at 144° C. The bromacetate of ethyl boils at 159° C. ; that of amyl at 207° C.

By the action of ammonia on bromacetic acid, bromide of ammonium is formed,

and glycocol, or a body isomeric with it.
. . , i. i. j •

Bibromacetic Acid. Formed when bromine and acetic acid are
_

heated in pre-

sence of lieht, but it is difficult to obtain in large quantities. It is a liquid boiling at

240° C which is partially decomposed every time it is distilled, evolving hydro-

bromic acid. It does not solidify at 15° C. It has a very high specific gravity.

Tho silver salt is a crystalline precipitate which is,_ however, decomposed, by

boilinff with water, into bromide of silver and a soluble acid.

BROMATES. Compounds of Beomic Acid >vith alkabs, alkaline earths, and

"""bBOIWIC acid, a combination of bromine with oxygen, forming bromates.

BROIVIXC SIIiVER. See Silver Ores.

BROMIDES. Compounds of Bromine with alkaUs and metals.

BROI«lDE or SI1.VER. A salt much used in photography. It ,s formed

by adcling a soluble bromide to nitrate of silver, when a white precipitate is produced.

Seo Photooraphy.
BRonilTE. Native bromide of silver.

„^„a;af;««
BROXVZE. {Bronze, Er. and Gor.) A compound metal consisting of copper



BRONZE 535

IT,*! Hn to which sometimes a little zinc and lead are added. There is some con-

fusion amongst Continental wx-itors about this alloy ;
they translate their bronze into

*^k^"fir^anTxample of this, < Dictionnaire des Aa^ ot Manufactures.' This has

arisen from the carelessness of our own writers. Dr. Watson, 'Chemical Essays,'

rZarks- 'It has been said that Queen Elizabeth left mom brass ordnance at her

death than she found iron on her accession to the throne. This must not be under-

stood as if gun-metal was made in her time of brass, for the term brass was sometimes

used to denote copper; and sometimes a composition of iron, copper, and calamine

was called brass ; and we, at this day, commonly speak of brass cannon, though brass

does not enter into the composition used for casting cannon.'

Bronze is an alloy of copper and tin.

Brass is an alloy of copper and zinc.
_ _ _

In many instances, we have zinc, lead, &c., entering into the composition of alloys

of copper and tin. However this may be, the alloy is called a bronze, if tin and

copper are the chief constituents.

This alloy is much harder than copper, and was employed by the ancients to

make swords, hatchets, &e., before the method of working iron was generally

understood. Most modern archaeologists, following the Danish antiquaries, recognise

a bronze age ; that is to say, an epoch of civilisation when bronze was the only metal

in general use for cutting instruments, and other useful or ornamental objects. This

period is generally held to have been subsequent to the so-called stone a^e and anterior

to that of iron. Some authorities, however, arguing on metallurgical rather than on

archffiological grounds, have called this chronology in question, and have maintained

that a knowledge of iron must have preceded that of bronze. Be that as it may, it is

certain that the use of bronze was general at a very early period in the history of

Western civilisation.

The art of casting bronze statues may be traced to the most remote antiquity, but

it was first brought to a certain degree of refinement by Theodoros and Eoecus of

Samos, about 700 years before the Christian era, to whom the invention of

modelling is ascribed by Pliny. The ancients were well aware that by alloying

copper with tin, a more fusible metal was obtained, that the process of casting was

therefore rendered easier, and that the statue was harder and more durable. It was
during the reign of Alexander that bronze statuary received its greatest extension,

when the celebrated artist Lysippus succeeded, by new processes of moulding and

melting, in multiplying groups of statues to such a degree that Pliny called them the mob

of Alexander. Soon afterwards enormous bronze colossuses were made, to the height

of towers, of which the isle of Ehodes possessed no less than one hundred. The
Eoman consul Mutianus found 3,000 bronze statues at Athens, 3,000 at Ehodes, as

many at Olympia and at Delphi, although a gTeat number had been previously carried

off'from the last town.

From the analyses of Mr. J. A. Phillips, we learn that most of the ancient coins

were bronzes, the quantity of tin relatively to the copper varying slightly. The pro-

portions of copper and tin in many of those coins are given below, the other ingedients

being omitted :

—

A coin of Alexander the Great, 335 b.c. .

Philippus v. . . 200 B.C. .

Athens .....
Ptolemy IX. . .70 B.C. .

Pompey . . .63 b.c. .

the AtUia family . 46 b.c. .

Augustus and A^ppa, 30 b.c. .

The arms and cutting instruments of the ancients were composed of similar bronzes,

as the following proportions, also selected from Mr. J. A. Phillips' analyses, will show :—
Tin. Copper.

Eoman sword blade, found in the Thames . 85"70 . . 10'02

„ Ireland . 91-39 . . 8-38

Celtic „ „ Ireland . 90-23 . . 7-60

Layard brought from Assyria a considerable variety of bronze articles, many of
them objects of ornament, but many evidently intended for use. Amongst others was
a bronze foot, which was constructed for the purpose of support of some kind. This
was submitted to the examination of Dr. Percy. It was then found that the bronze
had boon cast round a support of iron. By this moans tho appearance of considerable
lightness was attained, while great strength was insured. This discovery proves in a

Copper. Tin.

86-72 . . 13-14

85-16 . . 11-10

88-41 . . 9-95

84-21 . . 15-59

74-11 . . 8.56

68-72 . . 4-77

78-58 . . 12-91
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very satisfactory mannor, thiit tlio motallurgists of Assyria were perfectly conversant
with the use of iron, and that tlioy employed it for the purpose of imparting strength
to the less tenacious metals which they employed in their art-manufacluros. This
bronze, as analysed in the Metallurgical Laboratory of the Museum of Practical
Geology, consists of copper 88-37, tin 11-33.

Examination has shown that all the bronze weapons of the Greeks and Romans were
not only of the true composition for insuring the greatest density in the alloy itself,

but that these, by a process of hammering the cutting edges, wore brought up to tha

greatest degree of hardness and tenacity.

Before 1642, 'brass ordnance' (bronze) was founded by foreigners. Stow says

that John Owen began to found brass ordnance, and that ho was the first Englishman
who ever made that kind of artillery in England.

Boll founding followed. Bell-metal and other broken metal were allowed to be

exported hitherto ; but it being discoTered that it was applied to found guns abroad,

' brass, copper, latton, bell metal, pan metal, gun metal, and shroff metal, are pro-

hibited to be exported.'

Bronze has almost always been used for casting statues, bassi-rilievi, and works

which are to be exposed to atmospheric influences. In forming such statues, the

alloy should be capable of flowing readily into all the parts of the mould, however,

minute ; it should be hard, in order to resist accidental blows, be proof against the

influence of the weather, and bo of such a natiire as to acquire that greenish oxidised

coat upon the surface, which is so much admired in the antique bronzes, called patina

antiqua. The chemical composition of the bronze alloy is a matter therefore of the

first moment. The Brothers Keller, celebrated founders in the time of Louis XIV.,

whose chefs-cCmime are well known, directed their attention towards this point, to

which too little importance is attached at the present day. The statue of Desaix, in

the Place Dauphine, and the column in the Place Vendome are noted specimens of

most defective workmanship from mismanagement of the alloys of which they are

composed. On analysing separately specimens taken from the bas-reliefs of the

pedestal of this column, from the shaft, and from the capital, it was found that the

first contained only 6 per cent, of tin, and 94 of copper, the second much less, and

the third only 0-21. Itwas therefore obvious that the founder, unskilful in the melting

of bronze, had gone on progressively refining his alloy, by the oxidisement of the tin,

till he had exhausted the copper, and that he had then worked up the refuse scorise in

the upper part of the column. The cannon which the Government furnished him for

casting the monument consisted of :

—

Copper 89-360

Tin 10"040

Lead 0-102

Silver, zinc, iron, and loss 0-498

100-000

The moulding of the several bas-reliefs was so ill executed, that the chiselers

employed to repair the faults removed no less than 70 tons of bronze, which was

given them, besides 300,000 francs for their work. The statues made by the Kellers

at Versailles were found, on chemical analysis, to consist of:

—

No 1. No. 2. No. 3. The mean.

Copper . . 91-30 . . 91-68 . . 91-22 . .
91-40

Tin . . . 1-00 . . 2-32 . . 1-78 . .
1-70

Zinc . . 6-09 . . 4-93 . . 5.57 . .
5-53

Lead . . 1-61 . . 1-07 . 1*43 . .
1*37

100-000 100 000 100-000 100-000

The analysis of the bronze of the statue of Louis XV. was as follows :—

Copper . . . 82-45 Its specific gravity was 8-482

Zinc .... 10-30

Tin . . . .
4-10

Lead .... 3-15

100-00

The bronzes of Franco, according to M. L. E. Eivot, contain n^^^lly
/Jj^^^

metals, copper, tin, lead, and zinc. They may contain also very emaU and lanable

quantities of iron, nickel, arsenic, antimony, and sulphur.
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The alloys most proper for bronze to be afterwards struck for medals is composed

of from 8 to 12 parts of tin and from 88 to 92 of copper ; to which if 2 or 3 parts in

I
the hundred of zinc be added, they will make it assume a finer bronze tint. The alloy

) of the Kellers is famous for this effect. The metal should be subjected to three or

j
four successive stamps of the press, and be softened between each blow by being heated

I and plunged into cold water.

The addition of a small proportion of phosphorus has recently been recommended

to improve the quality of bronze.

The bronze of bells, or bell-metal, is composed, in 100 parts, of copper 78, tin 22.

This alloy has a fine compact grain, is very fusible and sonorous. The other metals

sometimes added are rather prejudicial, and merely increase the profit of the founders.

Some of the English bells consist of 80 copper, IQ-l tin, 5-6 zinc, 4-3 lead; the latter

metel, when in such large quantities, is apt to cause isolated drops, hurtful to the

uniformity of the alloy.

The Tam-tams and Cymbals of Bronze.—The Chinese make use of bronze instru-

ments forged by the hammer, which are very thin and raised up in the middle
;
they

are called gongs, from the word tshoung, which signifies a beU, Klaproth has shown

that they contain nothing but copper and tin, in the proportion of 78 of the former

metal and 22 of the latter. Their specific gravity is 8-815. This alloy, when newly

cast, is as brittle as glass ; but being plunged at a cherry-red heat into cold water, and

confined between two discs of iron to keep it in shape, it becomes tough and malleable.
' The cymbals consist of 80 parts copper and 20 tin.

Bronze vessels, naturally brittle, may be made tenacious by the same ingenious

process, for which the world is indebted to M. Darcet. Bronze mortars for pounding

I
have their lips tempered in the same .way.

Cannon Metal consists of about 90 or 91 copper, and 10 or 9 of tin. From the ex-

periments of Papacino d'Antony, made at Turin, in 1770, it appears that the most
proper alloy for great guns is from 12 to 14 parts of tin to 100 of copper; but the

Comte Lamartilliere concluded, from his experiments made at Douay, in 1786, that

never less than 8 nor more than 11 of tin should be employed in 100 parts of

bronze.

Gilt Ornaments of Bronze.—This kind of bronze should be easy of fusion, and take

perfectly the impression of the mould. The alloy of copper and zinc (brass) is, when
fused, of a pasty consistence, does not make a sharp cast, is apt to absorb too much
amalgam, is liable to crack in cooling, and is too tough or too soft for the chaser or

turner ; and if the quantity of zinc was increased, to make the metal harder, it would
lose the yellow colour suitable to the gilder. A fourfold combination of copper, zinc,

tin, and lead is preferable for making such ornamental bronze articles ; and the
following proportions are probably the best, as they unite closeness of grain with
the other good qualities. Copper 82, zinc 18, tin 3 or 1, lead 1^ or 3. In the
alloy which contains most lead, the tenacity is diminished and the density is in-

creased, which is preferable for pieces of small dimensions. Another alloy, which is

said to require for its gilding only two-thirds of the ordinary quantity of gold, has the
following composition: copper 82-24:7, zinc 17*481, tin 0-238, lead 0-024.

The antique bronze colour is given to figures and other objects made from these
alloys by the following process :—Two drachms of sal-ammoniac, and half a drachm
of salt of sorrel, (binoxalate of potash,) are to be dissolved in fourteen ounce measures
(English) of colourless vinegar. A hair pencil being dipped into this solution, and
pressed gently between the fingers, is to be rubbed equally over the clean sxirface of
the object slightly warmed in the sun or at a stove ; and the operation is to be repeated
till the wished-for shade is obtained.

The bronze founder ought to melt his metals rapidly, in order to prevent the loss
of tin, zinc, and lead by their oxidisement. Eeverberatory furnaces have been long
used for this operation, the best being of an elliptical form. The furnaces with dome
tops are employed by the bell founders, because, their alloy being more fusible, they
do not require so intense a heat; but they also would find their advantage in using
the most rapid mode of fusion. The surface of the molting metals should bo covered
with small charcoal or coke ; and when the tin is added, it should be dexterously thrust
to the bottom of the melted copper. Immediately after stirring the melted mass so
as to incorporate its ingredients, it should be poured out into the moulds. In general
the metals most easily altered by the fire, as the tin, should be put in last. The
cooling should be as quickly as possible in the moulds, to prevent the risk of the
metals separating from each other in the order of their density, as they are very apt
to do. The addition of a little iron—in the form of tin' plate—to bronze, is reckoned
to be advantageous.
One part of tin, and two parts of copper (nearly one atom of tin and four of
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copper, OP more exactly 100 parts of tin and 215 copper), form the ordinary speculum
metal of reflecting telescopes, which is of all the alloys the whitest, the most brilliant
the hardest, and the most brittle, The alloy of 1 part of tin and 10 of copper (oi
nearly one atom of the former to eighteen of the latter), is the strongest of the wholn
series.

Orna,mental objects of bronze, after being cast, are commonly laid upon red-hot
coals till they take a dull red heat, and are then exposed for some time to the air.
The sui-faco is thereby freed from any greasy matter, some portion of the zinc is dis-
sipated,^ and the alloy assumes more of a coppery hue, which prepares for the subse-
quent gilding. Tho black tinge which it sometimes gets from the fire may be removed
by washing it with a weak acid. It may bo made very clean by acting upon it with
nitric acid, of specific gravity 1-324, to which a little common salt and soot liave been
added, the latter being of doubtful utility ; after which it must be well washed in
water, and dried with rags or sawdust.
For the following Table we are indebted to Mr. Eobert Mallet, F.E.S., whose

investigations in this direction have been most extensive, and as accurate as they are
extensive :

—

Chomkal
Couititution

Composition
by Weight
per Cent.

1 g

ohesion

0

Inch
o O o

t3±: Commercial Titles,

Atomic

W(

Specific

G:

Fracture

1 Colour ofFracture

Ultimate

C

per

Squar

\
Inverse

Or
Ductilil

u>?
Inverse

Or.

Hardu

Inverse

Or
Fusibili

characterbtic
Properties in
working, &c

1 Cu 100-00+ 31-6 8-667 E Tile red 24-6 1 2 10 16 Copper.
2 lOCu+Sn 84-29+ 15-71 374-9 8-561 FC Keddisli yel- 10-1 2 6 8 15 Grun metal, &c.

low, 1

Reddish yel-

low, 2

3 9Cu+Sn 82-81+ 17-19 343-3 8-462 PC 15-2 3 7 5 14 Ditto.

4 8Cn+Sn 81-10+ 18-90 311-7 8-459 FC Yellowish
red, 2

17-7 4 10 4 13 Gun metal, tem-
pers best.

5 7Ca+Sn 78-97+ 21-03 280-1 8-728 VC Yellowish
red, 1

13-6 5 11 3 12 Hard mUl
brasses, &c.

6 6Cu-J-Sn 76-29+ 23-71 248-5 8-750 V Bluish red, 1 9-7 0 12 2 11 Brittle.''

7 5Cu+Sn 72-80+ 27-20 216-9 8-575 0 Bluish red, 2 4-9 0 13 1 10 Brittle.''

8 4Ca+Sn 68-21+ 31-79 185-3 8-400 C Ash grey 0-7 0 14 6 9 Crumbles."
9 3Cu+Sn 61-69+ 38-31 153-7 8-639 TO Dark grey . 0-5 0 16 7 8 Crumbles.''

10 2 0a+Sa 51-75+ 48-25 122-1 8-416 VC Greyish
white, 1

1-7 0 15 9 7 Brittle."

11 Cn+Sn 34-92+ 65-08 90-5 8-056 TC Whiter still, 2 1-4 0 9 1 6 1 Small bells,

12 Ca+2Sn 21-16+ 78-85 149-4 7-387 CC Ditto 3 3-9 0 8 1 5 ) brittle."

Speculum
13 Cu+3Sn 15-17+ 84-83 208-3 7-447 CC Ditto 4 3-1 0 5 1 4 Metal of au-

thors.

14 Ca+4Sn 11-82+ 88-18 267-2 7-472 CC Ditto 5 3-1 8 4 14 3 PUes, tough.

15 Cu-l-SSn 9-68+ 90-32 326-1 7-442 B Ditto 6 2-7 6 3 15 2 Files, soft and
tough.

16 Sn 100-00 58-9 7-291 F White, 7 2-5 7 1 16 1 Tin.

in

Bronze, Phospkorised. By carefully dropping phosphorus on melted bronze or

copper a product rich in phosphorus is produced. This alloy is claiming much

attention, and will be fully treated of under the head of Phosphok Beonze and

CoppEB, which see. See also Axuminium Bronze.

Bronze Imports are now included under the heads of Brass, Bronze and Metal,

Bronzed and Lacciuered. Of these articles the following Mparts are given

1872 ;—

From Germany
„ Holland

„ Belgium
„ Franco

„ United States of America

Other countries ....

Owts. £
679 Value 7,128

536 „ 4,718

303 2,317

4,236 „ 44,102

7,848 ., 36,331

3,773 „ 16,179

17,376 109,774Total .

In the same year the Exportation of tho same metals is given as—

To all countries .... 1,018 cwts. valued at 5,650/.

• E sigiuflcs earthy ; o c, coarse crystalline ; F o, too crystalline ; 0, conohoidol
;
v, vitreous

;
v c.

vitrcous-conchoidal ; T c, tabular crystalline.
. ._4.„„_ .« rr„ „„j ph

" AU tUcBo aUoys are found occosionally in bells and specula with mixtures of Zn and I b.
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BVAwre PAINT. Bronzo paint, commonly called gold paint, is made by
_BKU«^*.

powder -svith pure turpentine as a vehicle. The tur-

SSScoi rc liS^^^^^ an acfd reaction which is detrimental to the

foTm rof theTetal powder. The turpentine used for this purpose has, therefore, to

be Jxed with lime to neutralise the acid before it is thus employed.

^OKTM POWDERS have been much used of latem the decorative painting of

hofses &c They are prepared of every shade, from that of bright gold to orange

copp r, omekld^eeS. &c. Pale gold is produced from an alloy of 13^ of™ and 21 of zinc; crimson metallic lustre-from copper :
ditto, paler copper

an?l r veiT Uttle zinc
;
green bronze ^vith a proportion of verdigris; another fme

IvaJo by^4 4 copper and if zinc ; another ditto, ,13^ copper and 2-4 zmc: a beautiful

mle eold from an aUoy of the two metals in atomic proportions.

^
The alloy Slaminaid into very fine leaves with careful annealing, and these are

leviated into impalpable powders along with a film of fine oil to prevent oxidisement,

'""m^BZL^^^^^^ hiB articles of mamifacture furnished to the New

^°Brm ormoreco'^ectly, metaUic powders resembling ^'oZcZ cZws^, were invented

in 1648, by a monk, at Furth, in Bavaria, named Theophrastus Allis Bombergensis.

He took the scraps or cuttings of the metallic leaves then known as 'Dutch leaf,

and ground them with honey. This roughly made bronze powder was used lor

ornamenting parchments, capital letters in Bibles, choral books, &c

At Furth bronze powders are largely made for Europe, and with little change oi

improvement. There are four sorts of Dutch leaf:—
. . . .

• Common leaf, soft, and of reddish cast, composed of 25 or 30 per cent, of zmc to

'75 or 70 per cent, of copper.
, , n i

French Zea/ contains more zinc, is harder, less ductile, and has a purer yellow colour.

Florence leaf has a larger proportion of zinc, and is of a greenish gold colour

;

^^mite^'eaf, composed of tin. The more zinc these alloys contain, the harder, the

more brittle, and more difficult are they to work into perfect leaves. The manner of

beating is similar to the mode for producing gold leaves.
. - n

The scraps, cuttings, and fragments of these leaves are the materials for the German

bronze powders. First brushed through a sieve and ground with gum
_
water on

marble slabs for six hours, the gum washed out, the powders sorted, dried, and a

coating of grease given to make them appear more brilliant, and to protect them from

oxidation. Varieties of colour, such as orange, &c., are produced by a film of sub-

oxide upon the surface of the particles. The price of bronzo powders depends upon

the demand, and the supply of the waste material of the metal leaves, and prices

change accordingly.

Messrs. Brandeis patent their process, and in place of being dependent upon

uncertain supplies of metal of unknown composition, they take the metals at once in

a state of purity (say copper by voltaic precipitation) : it is alloyed with zinc, cast into

ingots, rolled into ribands. Cut, annealed, and rolled until the metal is thin and leaf-

like ; then it is taken to a steam-mill, and ground. The bronzo powder is washed

out and dried, then introduced into an air-tight room, with an arrangement of boxes
;

the air of the chamber is set in violent motion by bellows, and the powder diffused

throughout ; the bronzo powders are deposited, the finest in the upper boxes, and

the coarser powders below. When settled, mineral varnish is introduced ; the boxes

fitted with tight lids are made to revolve, and the particles are thus rapidly coated,

and the highest metallic brilliancy imparted. Different shades of colour, pink, crim-

son, &c., are produced by submitting the powder to heat and oxidation before the

rapid revolutions of the varnishing boxes.

The quantity thus produced by one firm, with three steam-engines at work, enables

the finished bronze powders to bo produced at a rate about equal to the price the

German manufacturer has to pay for his materials—the cuttings and scraps of leaves.

Hence, for the purposes of trade and art, a large exportation of bronze powders

takes place from America to Europe, South America, and China.

The bronze powders are largely used in japanning, bronzing tin and iron goods,

ornamental works of paper, wood, oil-cloth, leather, &c. ; while sign-boards and the

decoration of public buildings have effective metallic brilliant surfaces of beauty and
durability. In fact, for ornamental decorations, the demand steadily increases.

In Holland and Germany tho subject has been examined, with tho view of ascer-

taining the effect of chemical composition.

Do Heer E. E. Konig has given a Tablo of tho analyses of tho best European
samples of bronze powders and loaves

( Volksflight)
:—
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1. Light yolW ....
2. Goldyollow ...
3. Mossing yellow, or brass yellow

colour

4. Copper bronze, orange colour .

5. Copper red, high shade ofpurple colour
6. Purple violet ....
7. Light green ....
8. Tin white or leaden grey ,

Copper Ziao Iron

Per cent.

82-38

84-60

90-

98-93
99-90
98-22

84-32
0-00

Per cent.

16-69

15-30

0-73

0-00

0-6

16-02
2-39

Per cent.

016
0-07

0-08

trace

0-30

0-03

0-66

Per cent.

0

0

0

0

0

trace

trace

97-46

. — „i v^^j^^ui. iiao iuouuwj uuuu j.-ci;umiuouueu as a new oronzo. JJr. ii. W Ger
land has shown that a solution of vanadate of copper in aqueous sulphurous acid deposits
brilliant yellow crystals, after part of the sulphurous acid has been removed by boilinc
These crystals are quite uniform in appearance, and contain cupric oxide, vanadic acid
and sulphurous acid. They change rapidly, under the influence of air, their beautiful
metalUc lustre quicHy disappearing, and the yellow colour changing to a dark green
If, however, these crystals are removed from the mother-liquor, and treated with fresh
sulphurous acid, although in the first instance formed in sulphurous acid solution they
now decompose, and two fresh kinds of crystals, the one brown the other orange
yellow, are formed. Continuing to add sulphurous acid, the brown crystals are redjs-
solved, while the orange yellow are left intact.

After filtration, washing, and drying, a residue is left of microscopic scales of a deep
orange-yellow colour, possessing a most beautiful lustre. They are free from copper
and sulphur, and are perfectly unalterable in the air.

The^ composition of this substance previously dried over vitriol is, accordine to
analysis, as follows :— °

Water (loss by heating) 8-73
Pentoxide of vanadium . ^ , . .91-06
Impurities

. 0-21

10-000

These numbers correspond to the formula of metavanadic acid, which requires-

Water 8-97
Pentoxide of vanadium 91-03

100-00

In some instances, Dr. Gerland obtained the same bronze or gold-like substance
by treating vanadate of copper suspended in water with sulphurous acid gas ; but in
many others the effect of the gas was the formation of vanadic oxide in solution.
The vanadate of copper used in these experiments was prepared by precipitation

from vanadate of ammonia by sulphate of copper. The mother-Uquor contained
both copper and vanadic acid. After evaporation the latter is found in the residue as
metavanadic acid, with the same metallic appearance as that above described, and
can be obtained by washing with water. The crystal, however, obtained in this

manner most obstinately retains copper, sometimes to the extent of 12 per cent,

Eepeated treatment with siilphurous acid is the best method of purification. A
sample of the bronze as thus prepared was analysed by Professor Eoscoe, who found

—

Water 9-12

Pentoxide of vanadium 90-88

100-00

Samples of vanadium bronze obtained by these three different methods liavo the

same composition, the same appearance, and the same chemical properties. Vanadium
bronze is essentially distinguished from the amorphous brick-red hydratod vanadic acid

by its indifference to reagents. Sulphurous acid scarcely acts on it, neither docs

ammonia, and even a solution of carbonate of soda only dissolves it after long-

continued boiling. In the air it is perfectly permanent. It is probable that

this metavanadic acid will become a favourite bronze, and bo rated at even a higher

value than gold bronze.

BROlTZni'G. The process for giving to metals, plaster, wood, or any other body,

a bronzo-liko surface. Various proeosses have been adopted for producing this effect.
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im,.^ v^oca PjiqtinfTS are to ho bronzed, it is essential, in the first place, that they

S tlZugSr^^^ from grease, and brightened either with the file or

em^.paper or by boiUng in a strong ley and then scouring ^^ath fine sand and

late? Tn^-ar alone is sometimes employed to produce the poen bronze colour;

Imetimes dilute nitric acid, and often the muriate of ^ramomB. {sal-ammomac) This

Jatter s^lt aid vinegar are frequently combined, and often a little common table salt

^Ss^ndtedXtfyte'tronzed with the following .solution :-2 parts of ver-

•diffris and 1 part of sal-ammoniac are to be dissolved m vinegar
;
the solution is to be

Sd skimmed, and diluted with water till it has only a weak metallic taste, and

upon further dilution lets fall no precipitate. This solution is made to boil briskly,

Ss poured upon the objects t« be bronzed. These are well washed with clean

water, and then lacquered. »

To give fresh-made bronze objects an anbque appearance, three quarters ot an

ounce of sal-ammoniac, and a drachm and a half of binoxalate of potash (salt of

sorrel) are to be dissolved in a quart of vinegar, and a soft rag or brush moistened

with this solution is to be rubbed over the clean bright metal till its surface becomes

entirelv dry by the friction. This process must be repeated several times to_ produce

the full effect ; and the object should be kept a little warm. Copper acquires very

readily a brown colour by rubbing it with a solution of the common liver oi sulpJiur,

or sulphiiret of potassium.
•, , ^ , . n f ^r.^Ai

The Chinese are said to bronze their copper vessels by taking 2 ounces ol verdi-

gris, 2 ounces of cinnabar, 5 ounces of sal-ammoniac, and 5 ounces of alum, ail in

powder, making them into a paste with vinegar, and spreading this pretty thick like a

pigment on the surfaces previously brightened. The piece is then to be held a little

while over a fire, till it becomes uniformly heated. It is next cooled, washed, and

dried- after which it is treated in the same way once, and again till the wished-for

cdour is obtained. An addition of sulphate of copper makes the colour incline more

to chestnut brown, and of borax more to yellow. It is obvious that the cinnabar

produces a thin coat of sulphuret of rapper upon the surface of the vessel, and might

probably be used with advantage by itself.

• To give the appearance of antique bronze to modern articles, we should dissolve _1

part of sal-ammoniac, 3 parts of cream of tartar, and 6 parts of common salt in

12 parts of hot water, and mix with the solution 8 parts of a solution of nitrate

of copper of specific gravity 1-160. This compound, when applied repeatedly in a

moderately damp place to bronze, gives it in a short time a durable green coat,

which becomes by degrees very beautiful. More salt gives it a yellowish tinge, less

salt a bluish cast. A large addition of sal-ammoniac accelerates the operation of the

mordant.

The best and most rapid bronzing liquid, wliich may be applied to copper, brass,

iron, or to new bronze, with equal advantage, is a solution of the chloride of platinum

{nitro-muriate of platinum), called chemical bronze ; but it is expensive. With the

chloride of platinum, almost any colour can be produced, according to the degree of

dilution and the number of applications.

Some beautiful effects are produced upon bronze, and also upon iron castings, by

treating them with dilute acids. The action here is scarcely to be described as

bronzing ; it is, in fact, merely developing the true colour of the metal or alloy.

With the view of rendering the action of the bronzing liquid as uniform as pos-

sible, small articles are dipped ; for larger articles, the bronzing liquid is dabbed

on plentifully with a linen rag. The dabbing process is to prevent the occurrence of

Streaks, which might arise if. the liquid were applied in straight strokes. When
properly bronzed and washed, the work is usually black-leaded, to give it a polished

appearance.

Bronzing of Objects in Imitation of Metallic Bronze.—Plaster of Paris, paper,

wood, and pasteboard, may be made to resemble pretty closely the appearance of

articles of real bronze, modern or antique. The simplest way of giving a brilliant

aspect of this kind is with a varnish made of the waste gold-leaf of the beater, ground

up on a porphyry slab with honey or gum-water. A coat of drying linseed-oil should

bo first applied, and then tlie metallic powder is put on with a linen dossil. Mosaic

gold ground up with six parts of bono-ashos has been used in the same way. Wlien

it is to be put on paper, it should be ground up alone with white of eggs or spirit

varnish, applied with a brush, and burnished when dry. When a plate of iron is

plunged into a hot solution of sulphate of copper, it throws down fine scales of copper,

which being repeatedly washed with water, and ground along with six times its weight

of bonc-ashes, forms a tolerable bronzing.

Brownincf of Gun-Barrels and other Arms.—By this process the surface of several

articles of iron acquire a shining brown colour. This preparation, which protects the
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iron from rust, and also improves its appearance, is chiefly employed for the barrels of
lowliDg-pioccs and soldiers' rifles, to conceal the fire-arms from the game and tho
enemy. The finest kind of browning is tho Damascus, in which dark and bright linos
run through tho brown ground.

This operation consists in producing a very thin uniform film of oxide or rust upon
the iron, and giving a gloss to its surface by rubbing wax over it, or coating it with a
shell-lac varnish.

Several moans may be employed to produce this rust speedily and well. The effect
may bo obtained by inclosing tho barrels in a space filled with tho vapour of muriatic
acid. Moistening their surface with diluted muriatic or nitric acid will answer tho same
purpose. But tho most common material used for browning is tho butter or chloride
of antimony, which, on account of its being subservient to this purpose, has been
called hroming salt. It is mixed uniformly with olive-oil, and rubbed upon tho iron
slightly heated, which is afterwards exposed to the air, till the wished-for degree of
browning is produced. A little aquafortis is rubbed on after tho antimony, to quicken
its operation. The brown barrel must bo then carefully cleaned, washed with water,
dried, and finally polished, either by tho steel burnisher, or rubbed with white wax,
or varnished with a solution of 2 ounces of shell-lac and 3 drachms of dragon's blood,
in 2 quarts of spirits of wine.

The following process may also be recommended :—Make a solution with half an
ounce of aquafortis, half an ounce of sweet spirits of nitre, 1 ounce of spirits of wine,

2 ounces of sulphate of copper, and 1 ounco of tincture of iron, in so much water as

will fill together a quart measure. Tho gun-barrel to be browned must first of all be
filed and polished bright, and then rubbed with unslaked lime and water to clear

away all the grease. Its two ends must now be stopped with wooden rods, which
may serve as handles, and the touch-hole must be filled with wax. The barrel is

then to be rubbed with tho solution, applied to linen rags or a sponge, till the whole
surface be equally moistened ; it is allowed to stand 24 hours, and is then scrubbed

off with a stiff brush. The application of the liquid and the brushing may be re-

peated twice or oftener, till the iron acquires a brown colour. After the last brushing,

the barrel must be washed with plenty of boiling water containing a little potash,

then washed with clean water, dried, rubbed with polishing woods, and then coated

with shell-lac varnish.

BROIVKXDES. Compounds of bromine with electro-positive elements.

BROMIXrx:. {Si/mb. Bv.; Atomic weight, SO. Density in liquid state, 2 'G?. Density

of vapour by expeiiment, 6'39
; by calculation, 5"536, on supposition of the density of

hydrogen being 0'0692).—This element exists in very small quantity in sea-water, and

to a larger extent in certain mineral springs, as those of Kreuznach and Kissiugen.

The water of the Dead Sea is comparatively rieh in bromine—a sample taken from a

depth of 300 metres having yielded M. Lartet 07 percent, of this element. The

mother-liquors of many brine springs, especially those of Schonebeck, near Magdeburg,

are rich in bromides. The element &i30 occurs in carnallite and some of the other

salts worked at Stassfui't, and in two silver ores found in the mines of Mexico and

Chile, and known as bromyrite, or bromide of silver, and embolitc or chloro-bromido of

silvei'. Megabromite and onicrobroniiie are names applied to ill-defined varieties of

einbolite, according as they contain more or less bromine.

Bromine was discovered in 1 826, by Balard, of Montpellier, in the bittern produced

from the water of the Mediterranean. Bromine is a very interesting substance, and

its discovery has had great influence on the progress of theoretical and applied

chemistry. It is the only element, save mercury, which exists in the liquid gtate at

ordinary temperatures. The liquid presents a deep brownish-red colour, and emits

dense reddish vapours, which are extremely irritating when breathed. Its odour is

sufiiciently characteristic to have given the element its name {fipcifios, a stench).

Bromine is slightly soluble in water, one part requiring 30 parts of water for its solu-

tion. Tho aqueous solution is of a yellowish tint when freshly made, but is readily

decomposed by exposure to light. It forms a definite crystalline hydrato with five

atoms of water. Bromine is much more soluble in alcohol or in ether. Exposed to a

temperature of about 146° Fahr. bromine boils, and at 9-5° it freezes to a red crys-

talline solid. . • v
Preparation 1. From bittern.—Chlorine gas is passed in for some time; this has

tho effect of combining with tho metallic base of the bromide present, the brommo

being, in consequence, liberated. When the bittern no longer increases in colour, the

operation is suspended or chloride of bromine would bo formed, and spoil the operation.

The coloured fluid is placed in a largo globe, with a neck ha^^ng a glass stopcock

below like a tap funnel, the upper aperture being closed with a stopper. Jithcr is then

added, tho stopper replaced, and tho whole well agitated. After a short repose, the

ether rises to tho surface, retaining tho bromine in solution. iHo stopper being
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romovod to permit the entrance of air, the stopcock is opened, and the aqueous fluid is

iTmitted to run out. As soon as the highly-coloured ethereal solution arrives at the

aSvre in the stopcock, the latter is shut ; a quantity of solution of potash is then

Siired bv the upper aperture, into the globe, and the stopper is replaced. The whole

?s now 'to be agitated, by whicli means the bromine combines with the potash, forming

a mixture of bromate of potash and bromide of potassium. The stopcock is again

oDened, and the aqueous fluid received into an evaporating vessel, boiled to dryness,

and i'-nited. By this means the bromate of potash is all converted into bromide of

TDotaslium. The bromine may be procured from the bromide of potassium by distil-

lation with peroxide of manganese and sulphuric acid. In this operation one equiva-

lent of bromide, two equivalents of sulphuric acid, and one of peroxide of manganese,

yield one equivalent of sulphate of manganese, one of sulphate of potash, and one of

bromine; or, in symbols, KBr + 2S0^ + MnO^=KCSO' + MnO,SO' + Br (aKBr

+

2SO' + l«nO-= K,=SO^ + I«nSO* + Br-). The reaction, in fact, takes place m two

stages, but the ultimate result is as represented in the equation.
_

Preparation 2.—In some saline springs where bromine is present, accompanied by

considerable quantities of salts of lime, &c., the brine maybe evaporated to one-fourth,

and, after repose, decanted or strained from the deposit. The mother-liquid is to

have sulphuric acid added in order to precipitate most of the lime. The filtered fluid

is then evaporated to dryness, redissolved in water, and filtered ; by this means more

sulphate of lime is got rid of. The fluid is then distilled with peroxide of manganese

and hydrochloric acid.

Prq)aration B.—Bromine maybe obtained by Leisler's method, patented m 1866,

from the mother-liquors left in the treatment of the salts called carnallite and kaimte,

found in the mines of Stassfurt in Prussia, and Kalucz in Hungary.^ When these

liquors are heated with bichromate of potash and dilute hydrochloric acid, the bromine

is distilled off, and may be condensed in a receiver containing pieces of iron whereby

a bromide of iron is formed. Stassfurt is now one of the chief localities for the

manufacture of bromine, and about 400 cwts. are produced there annually.
_

Bromine, like chlorine, may be employed as a disinfectant. In medicine and in

photography it is used in the form of certain bromides, such as those of potassium,

ammonium, and cadmium. Bromine has also been employed in the preparation of

some of the aniline and anthracene colours.

With hydrogen, bromine forms hydrohromio acid ; and with many of the metals it

forms well-defined bromides. A chloride of bromine is known, as also a bromide of

nitrogen—the latter being an explosive compound resembling chloride of nitrogen.

The only well-developed oxide of bromine is bromic acid, BrO^HO (HBrO').
Solutions of bromine in water may have their strength determined, even in presence

of hydrochloric or hydrobromic acids, by means of a solution of turpentine in alcohol.

One quarter of an equivalent of turpentine (34 parts) decolorises 80 parts or 1 equiva-

lent of bromine.

BROM'ZIT&. A silicate of magnesia and protoxide of iron, with a metalloid

bronze-like lustre on the cleavage-planes. The species has been lately made to include

certain minerals formerly referred to the species Diallage—such as the well-known
lustrous mineral in the Cornish serpentine. A green variety of bronzite occurs with

the diamonds of South Africa.

BROOnx, SVBRS, or Grecnweed. The Genista tinctoria, a dwarf shrub from
the flowers of which a bright yellow colour is obtained, which for dyeing green with
woad is said to be preferred by dyers to all other yellows. See Woad.
BBOOIVKS. Sweeping brushes. These are made of cocoa-nut fibre, of date-palm

leaves, of broom-corn, and in this country of birch twigs, sedge, the common heath,

and of the broom.

BROOI^ COaiir. Sorghum dura. Cultivated in America to make brooms, the

grains being used as food for poultry. A closely allied grass, tlie Holcus saccharattis,

a native of China, abounds in sugar. This grass is generally known by the name
of Sorgho. It has been used from time immemorial by the inhabitants of China,
who extract sugar from it. The Toulon Agricultural Association recommended its

introduction into France, to take the place of beet-root. They state that it is richer

in sugar than any known plant, except the vine. Beet-root contains from 8 to 10

per cent, of sugar ; the sorgho from 16 to 20 per cent., from which about 8 per cent,

of pure alcohol can be obtained. The refuse is said to be excellent food for cattle.

The plant grows rapidly, and does not require irrigation.

BBOBA COAIi. An inferior coal lying in the Oolitic deposits of Brora, in
Sutherland, Scotland. See Coai,.

BROVSSONBTIii, PAPTRIFERA. The Paper Mulberry. The fibrous bark
is used in Cliina and Japan for the mauufacturo of a kind of paper, while the Poly-
nesian islanders use it in the preparation of their Tapa cloth.
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BROWir BsaaiES. A namo occasionally given to the fruit of the Rubius

jnicttcosus, or common bramble.
BROWnr COAIi is of a brownish-black colour, and presoiits, in some cases, the

texture of wood, when it is called Lignitm
;
but, in some varieties, all organic struc-

ture has disappeared, and it is then called Pitch coal, from its strong resemblance to
tnio coal.

The beds of brown coal are usually of small extent, and are of later date than the
true carboniferous strata, belonging generally to the Tertiary period.
Brown coal is worked in Saxony and in countries where there is an absence of true

carboniferous deposits. It burns with an ompyreumatic odour, and generally contains
more pyrites than ordinary coal.

At Steieregg, in Southern Styria, brown coal occurs in the form of a basin; and
has been opened out through a distance of more than two miles. The coal, from 8
to 16 feet thick, is of good quality. It contains 9 to 14 per cent, of water, and leaves
from 6 to 12 per cent, of ash after combustion.
The following is an analysis of a variety from Oregon :—volatile matter, 49 '6 ; fixed

carbon, 42-9; ash, 27; water, 4-9 = 100'00.

A variety of brown coal, called the Paper-coal of Eott, near Bonn, and of Erpel on
the Ehine, contains numerous remains of freshwater fishes, Leticiscus papyracms

;

and of frogs, FalcBophrygnos granii'pes. The ashes of this coal are rich in infusorial

remains.

For an account of the brown coals of this country, see Lignite and Boghead Coal.
The following is a summary of the state of the brown coal-mines of Europe at the

dates given, which are the latest returns obtainable, upon which reliance can be
placed :

—

Hanovbe.—Government mines near Miinden, on the Steinberg, and near Wallensen,
in the Wanzerbruche ; and private mines near Dransfeld, produced in

Centners Value of produce
of 100 lbs. In Thalers=2*. lOJrf.

1861 ...... 99,177 8,959

1862 . . . . . . 108,314 7,526

1863 92,658 6,188

Nassau produces TAgnit, a bituminous wood, preserving the ligneous structure;

Pseudolignit, in which the woody structure is more or less obliterated ; Meerkohl

(literally sea-coal), a miry earthy coal resembling turf ; BVdtterkoM (literally leaf-coal),

a dark-coloured aggregate of decomposed leaves. The total produce in 1864 amounted

to 1,032,000 centners (of 50 kilogrammes of 2-204 avoirdupois pounds).

Italy.—Leffe Gandino, in the Val Sterina, in Lomhariy. This bed extends over

600 hectares. The lignite produced is of a kind resembling peat. It is sold at 16

francs per ton. Cadibona, near Savona, in the Gulf of Genoa, produces about 1,000 tons

annually. From Sarzanella, near Spezia, 25,240 to 31,300 tons of lignite are ex-

tracted yearly. At Monte Bamboli, between Grosseto and Piombino, the production,

which may amount to 30 tons daily, does not exceed 10,000 tons in the year, as

owing to the unhealthiness of the climate, the works cannot be carried on more than

seven or eight months. At the Monte Ritfoli or Podemnovo mine, the field of lignite

extends over 2,000,000 square metres. At Monte Massi and Castel Tatti mines, in the

year ending June 30, 1865, the amount of lignite produced was about 6,000 tons.

Prussu.—The annual production of brown coal from the beds in the vicinity of

Stettin does not exceed 7,000 tons. The total production of brown coal in Prussia was

as follows :

—

In Metrical tonnes of 20

ZollTsrein centners. Statute tons

1860 . . . 3,194,640

1862
1864
1867
1868
1869

3,815,129

4,649,527
6,587,719

6,677,398

6,005,062

Brande7tbur(r.—Accotd\ng to the best information, there were sent to Berhn

462,298 tonnen of Bohemian and Saxon brown coal. Kotibm.—The quantity taken

from the pits Felix and Conrad, at Borsdorf, Julius at Friedi-ichshain and Franz at

Klein Kolzig, was about 400,000 tonnen. SUesia, Breslau.—One pit in the neighbour-

hood of SaaL produced 21,000 tonnen, of the value of 2,000
^^^^'f^Jf^f-^Z

were produced in the district of Meresburg, from the 3 go^^^.^Xt of MnrrE?
works, the amount of 12,255,365 tonneu; in the government district of Magdeb^^^^^^

7,794,563 tonnen; in the tofail district of the Bergamt of HaUe, 24,149,214 tonnen.
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Mine, £fese??.—Thero were produced at the pit NachtiguU, near Hoxter, 10,873 tonnon

of brown coal, value 881 thalors. Of Brown coal, or Lignite, the produce in the

Zollverein amounted in 1861 to 4,622,312 tonnon, of tho value of 16,631,122 francs.

Prussia alone produced 4,427,442 tonnen, of the valuoof 11,396,239 francs. The total

Stassfurt-Schonebeck

Weissenfels

Halle-Eisdorf .

Bitterfeld

Oschersleben

Briihl-Euskirchen

Aschersleben
Frankfort-on-Oder

Merseburg-Durrenburg
Forty-eight smaller districts

18G2 1861

Metrical tonnen. Metrical tonnen.

746 529 612,300

368,455 334,800

325,642 284,300

247,340 178,780

160,856 176,400

137,486 123,950

122,154 115,600

118,117 89,700

105,817 85,480

1,482,733 1,193,330

3,815,129 3,194,640Total ....
This shows an increase of 620,489 tonnen. Throughout the entire Zollverein, in

the year 1863, the brown coal produced at 843 collieries yielded 109,189,899 cwtB.,

valued at 5,061,241 thalers.

Austria.—The production of Brown coal in Austria, in Vienna centners of 123 J

pounds avoirdupois ;

—

1855
1856

1857
1858
1859

16,439,306

18,760,269

19,923,406

23,223,079

23,702,428

1860
1861

1862
1863 (Statute Tons)
1864

27,780,470

32,086,781

36,235,347

1,990,861

2,090,852

Saxony.—Here much of the brown coal is collected on or near the surface.

This is much finer than that from the pits, and is made up like peat, in the shape
of bricks. The bricks made at Margaret Hut amounted in 1862, to 3,000,000, equal

to 15,000 cwts., and in 1863 to 2,250,000, equal to 12,000 cwts. In Upper Lusatia,

and on the left bank of the Elbe, in 1863, there were only two pits which produced

Situation of Works Total produce, Including Bricks

Number ot Bricks
made from Kefuse
and Dust used for

Fuel

1 859—Upper Lusatia .

Left bank of Elbe

bush.

1,975,444

2,030,413

cwts.

2,963,166

3,045,619

2,381,200

50,994,000

Total 4,005,857 6,008,785 63,375,200

1860—Upper Lusatia .

Left bank of Elbe
2,199,560

2,075,546

3,299,340

3,113,319

1,985,600

60,706,600

Total 4,275,106 6,412,659 52,692,200

1861—Upper Lusatia .

Left bank of Elbe
2,375,446

2,546,992

3,563,169

3,820,488

1,635,000

53,955,000

Total 4,922,438 7,383,657 65,590,000

1862—Upper Lusatia .

Left bank of Elbe
2,628,607

2,701,269
3,942,910

4,051,904

4,918,200

53,788,900

Total 5,329,876 7,994,814 58,707,100

1863 Upper Lusatia .

Left bank of Elbe

2,815,869

3,026,615
3,909,080

4,663,237
4,581,000

67,341,000

Total 5,842,484 8,572,317 61,922,000
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nioro than 400,000 bushels; 3 pits from 200,000 to 400,000 bushels; 4 pita from
100,000 to 200,000 bushels ; 19 pits from 60,000 to 100,000 bushels; 36 pits from
20,000 to 50,000 bushels ; 62 pits from 6,000 to 20,000 bushels; and 32 pits loss than
6,000. Besides those, there wore— 1 pit belonging to the Crown, producing 424,712
b\ishols

; 4 pits belonging to sliaroholdors, producing 738,939 bushels ; and 169 private
pits, producing 4,681,633 bushels.

The Brown coal of Saxony was returned as follows in the years given :

—

1859 300,439 tons

1860 320,632 „

1861 369,182 „

1862 399,740 „
1863 428,615 „

Bavaria produced in 1861 46,700 tons, from 66 Brown coal works.

1862 46,739 „ 49

BoHKMiA.—In the year 1864, there were 306,345 tonnen of Bohemian brown coal

brought into the Berlin market.

Switzerland.—The coal-mines of Semsales, Bogens, and St. Martin, produce a

lignite-coal of first-rate quality. From 31,300 to 37i560 quintals, or from 2,817 to

3,130 tons, are extracted yearly.

Gbeece.—The mines at Koumi produce a kind of coal known as lignite. Accord-

ing to the accounts furnished, 5,000 drachmas per annimi is the maximimi which has

been obtained from these mines since 1849, when the receipts amounted to 10,400

drachmas, and in 1847 to 12,000 drachmas.

BRO'WTO' SVE. Upon this subject some general views are given in the article

Dyeing, explanatory of the nature of this colour. The dye presents a vast variety

of tints—from yellow and red to black-brown—and is produced either by mixtures

of red, yellow, and blue with each other, or of yellow or red with black, or by

substantive colours, such as catechu or oxide of manganese alone. We shall here

notice only the principal shades, leaving their modifications to the caprice or skill of the

dyer.

Brown, from mixture of other colours.

Wool and woollen cloths must be boiled with ^th their weight of alum and sulpho-

tartrate of iron, afterwards washed, and rinsed through the madder bath, which dyes

the portion of the stuff imbued with the alum red, and that with the salt of iron

black, the tint depending upon the proportion of each and the duration of the madder

bath.

A similar brown is produced by boiling every pound of the stuff with two ounces of

alum and one ounce of common salt, and then dyeing it in a bath of logwood contain-

ing either eulphotartrate, acetate, or sulphate of iron ; or the stuff may be boiled with

alum and tartar, dyed up in a madder bath, and then run through a black bath of iron

mordant and galls or sumach. Here the black tint is added to the red till the proper

hue be hit. The brown may be produced also by adding some iron liquor to the

madder bath, after the stuff has been dyed up in it with alum and tai-tar. A better

brown of this kind is obtained by boiling every pound of wool with two ounces of

alum, dyeing it up in cochineal, then changing the crimson thus given into brown, by

turning the stuffthrough the bath after acetate of iron has been added to it

Instead of cochineal, archil or cudbear, with a little galls or sumach, may be added.

A superior brown is produced upon cotton goods which have undergone the oiling

process of the Turkey-red dye. Such goods must be galled, mordanted witii alum,

sulphate of iron, and acetate of lead (equal to §rds of tie alum) ;
after waslung and

drying, dyed in a madder bath, and cleared with a soap boil. The tint of brown

varies with the proportion of alum and sulphate of iron.

Brown may be produced by direct dyea.
» visf <. ^,.A^

The decoction of oak-bark dyes wool a fast brown colour, of daff&rent shales

according to the concentration of the bath. Alum improves the colour.

The bastard marjorum {Origanum vulgare) dyes cotton and hnen a reddash-brown

with acetate of alumina, and wool of a dark brown.
. v. ^ nnim,r to

The bark of the mangrove-tree {Ehizophn-a nutn^U) gives a red-brown colour to

wool when boiled with alum and tartar, and a fast chocolate colour when sulpHate ot

'""m pods of the East Indian Mimosa cineraria and the African Mimosa mlctica,

called the bablat, give cotton a brown, with acetate or sulphate of copper.

The root of the water lily {Nymphca alba) gives to ootU^^.^djool beautaful

shades of brown. A mordant of sulphate of iron ^nd zinc is firstgn en and
^^^^

the wool is turned through the decoction of the root till J;"sh«
obtained. The cotton must bo mordanted with a mixture of the acetates of iron and zinc
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Walnut {Jitglans regia) peelings, -when ripo, contain a dark brown dyestuff, which
commumcates a permanent colour to wool. The older the infusion or decoction of

the peel, the bettor dye does it make. The stuff is dyed in the lukewarm bath, and
needs no mordant, though it becomes brighter "with alum ; or this dye may be com-
bined with the madder or fustic bath, to give varieties of shade. For dyeing silk,

this bath should be hardly lukewarm, for fear of causing inequality of colour.

The peelings of horse-chestnuts may be used for the same purpose : -with muriate
of tin they give a bronze colour, and with acetate of lead, a reddish brown.

Catechu gives cotton a permanent brown dye, as also a bronze and mordori, when
its solution in hot water is combined with acetate or sulphate of copper, or wlien the
stuff is previously mordanted with the acetates of copper and alumina mixed, some-
thnes -with a little iron liquor, rinsed, dried, and dyed up, the bath being at a boiling
heat.

Perrocyanide of copper gives a yellow-brown or a bronze to cotton and silk.

The brown colour called carmelite by the French is produced by 1 lb. of catechu to
4 ozs. of verdigris, with 6 ozs. of muriate of ammonia. The bronzo {solitaire) is given
by passing the stuff through a solution of muriate or sulphate of manganese, with a
little tartaric acid, drying, passing through a potash-ley at 4° Baum^, brightening and
fixing with solution of chloride of lime.

These exaniplee show in how many ways the browning of dyes may be modified,
upon what principles they are founded, and how we have it in our power to turn thtf
shade more or less towards red, black, yellow, blue, &c.
Under the heads of different substances employed by the dyers will be found some

description of the methods employed for the purpose of extracting their colours. For
some good practical receipts, Love's ' Art of Cleaning, Dyeing, Scoiiring, and Finish-
ing,' may be consulted.

Bnoivxr H2:iaATXTX:. See Ikon Ores.
BROWXr XAOXr OSE, or lAmonite. See Ieon Oees.
BROWir OCHRE. The soft and decomposed varieties of brown iron ore.BROWN SUGAR. Strictly, the common dark Muscovado sugar

; ordinarily, the
common varieties of West Indian sugar. See Stjgae.
BROWSE. A metallurgical term for a variety of slag.
BRTTCIWE. (C^oH^BN^os [c-8H«=Kr20^]

; syn. Canimarine, Vomicine.) A very
bitter and. poisonous alkaloid accompanying strychnine in nux vomica and in the false
angustura bark {Brucia antidysenterica). It is somewhat less poisonous than strych-
nine, and, like that base, is used in the treatment of paralysis, but in rather larger
doses. Brucine is prepared by the same process as strychnine,—C. G. W.
BRXrCTTE. Native hydrate of magnesia.— caUed after Dr.* Bruce, of New

York. Ihis mineral accompanies other magnesia minerals in serpentine. It is
broad fobated, foha several inches square being easily obtainable, and either opaque,
silvery white, or translucent. Thomson gives its composition: magnesia, 66-67 •

30-39 = 100
Protoxide of iron, 1-18; lime. 0-19; water!

BRUNSWICK GREEW. An oxychloride of copper, used as a pigment. Copper^ngs or turmngs are moistened with a solution of sal-ammoniac, and left in conUctwith the air The oxychlonde thus forms : it is washed offmth water, and dried ata gentle neat.

J^fZV^^^' i^^f'.^^>
;

Bursten, Ger.) Since Mr. Mason introduced his

5nf ^^.^^^^l^^s, it has, in all the better class of brushes, beenvery generally adopted. His patent dates 1830.
Modified contrivances, partaking more or less of the c c
onginal conditions, have been introduced in the rmwrili
manufacture. The principles of Mr. Mason's in-

'
"

vention and its subsequent modifications consist in
a fixmer mode of fixing the knots, or smaU bundles,
of hair into the stock or the handle of the brush
ihis IS done by forming grooves in the stocks of the
brushes for the purpose of receiving the ends of
the knots of hair, instead of the holes driUed into
the wood, as m brushes of the common construc-
tions. These grooves are to bo formed like a
dovetail, or wider at the bottom than the top ; andwhen the ends of the knots of hair have been dipped
into cement, they are to be placed in the grooves

^^I'T.f'f "•'^
'-If J''''

^^'^^ ^liich the
encls of the hair will bo pressed outwards, into the recess or wider mrt of tlin fl.^., ,groove

;
or the grooves may be formed ^itli threads or tS o'^ho t^ltttd ^cfN N 2
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being clovotailod ; and tho comont and hairs, being pressed into the teeth or threads,

will cause them to adhere firmly to the stock or liandlo of the brush.

A metal ferrule may be placed on the outside of tho stock of the brush, if necessary,

and secured by pins or rivets, or in any other convenient manner, which ferrule may
also form one side of tho outer grove.

Fig. 2Qi is a plan xie-w of the stock of the round brush
;

Jic/. 263 is a section of the

same ; a a are the dovetailed grooves which are tui-ned out of the wood ; b is tho metal

ferrule ; c c aro knots, or small bundles of hair, to form the brush. After a number of

the knots of hair are prepared, the ends aro to be dipped into proper cement, and then

placed into the grooves, when their ends are to be squeezed by a pair of pliers, or

other means, which will compress them into the oval shape, as shown in ftg. 264,

and cause the ends of the hairs to extend outward under the dovetailed part of the

recess.

The knots of hair are to be successively placed in the grooves, and forced up by
a tool against the last knot put in, and so on, until the grooves are filled; j?!/. 262 is

a brush with teeth or threads of a screw formed upon the sides of the groove ; into

these teeth or threads the cement and hairs will be forced by the compression, by

which means they wiU be held firmly in the stock of the brush.

BKUSHITE. A hydrated phosphate of lime occurring in the guano of Aves

Island and Sombrero in the Caribbean Sea, and named after Professor Brush, of Yale

College, U.S.

BRXrSK ORE or BIiACK BRUSH. An iron ore found in the Porest of

Dean.
BRVSH WHEEZiS. In light machinery, wheels are sometimes made to turn each

other by means of bristles fixed in their circumference ; these are called brush wheels.

The term is sometimes applied to wheels which move by their friction only.

BRVXiE, or BROn. A mining tenn. The loose matter found in a lode near the

surface of the earth
;
probably a corruption of Betoeyi.

BVCKZIO'C A mining term. Bruising of the ore. A bucking iron is a flat iron

fixed on a handle, with which the ore is crushed ; and a buoJcing plate is an iron plate

on which the ore is placed to bo crushed.

BVCKXiarG, or BOWKXKG. A process of boiling goods in alkaline liquids for

bleaching. Sbo Bleaching.
BVCKRAM. A linen cloth of much strength, made very stiff with size.

BVCKTHORZO'. (Ekamnus catharticus.) This plant is a native of England ; it

grows to the height of from 15 to 20 feet; its flowers are greenish coloured, and its

berries four-seeded. It is the fruit of this plant which is sold under the name of

Prench berries. The juice of these, when in an unripe state, has the colouxof saffiron

;

when ripe and mixed with alum, it forms tho sap green of the painters ; and in a

very ripe state, the berries afford a purple colour. The bark also yields a fine yellow

dye. See Sap Green.

The alder buckthorn {Rhamnus frangula) grows naturally, and is very.abundant m
woods and thickets in some parts of Britain. The ben-ics of tliis species are often

substituted for those of the above ; but they are easily detected, since they contain

only two seeds. In a green state, they dye wool green and yellow ; when ripe, bluish

grey, blue, and green. The bark also dyes yellow, and, with preparation of iron,

black.

—

Lawson.
. „ , . , -, . ,

Eock buckthorn (Ehamnus saxatilis), the hemes of which are used to dye morocco

leather yellow. These, in common with the narrow-leaved buckthorn berries (2?.

Chisii) and those of the yellow-berried buckthorn {B. infectorius), are sold as Avignon

berries The wood of the Rhamnus erythroxylon (which is a native of Sibena, but

grows freely in this climate), in a ground state, yields the bright red colour known to

dyers under the name of red wood. ^ , . ^ n m,. i „ir

BXTCX,WHEAT. {BU Sarrasin, 'Fx. ; Buchweizen, Ger.) The common buct-

wheat (Polvqonum Fagopyrum, from poly, many, and gomi, a knee, in reference to its

numerous joints) is cultivated for feeding pheasants and other game; and is now

beinff largely used in Prance and in this country in distilleries.
_ _

'In Prance, besides being used for feeding fowls, pigs, &c.,it is given to horses;

and it is said that a bushel of its grains goes further than two bushels of oate,

and, if mixed with four times its bulk of bran, will be full feeding for ;any horse

for a week. Its haulm, or straw, is said to bo more nourishing than tliat^ot

clover, and its beautiful pink or reddish blossoms form a rich repast for beos.-

^Thas been stated that the leaves of the common buckwheat (^Po^l/ffonnm Fagopy-^

rum), yield, by fermentation, Indigo-blue. On examining this pl^nt, for
t^e Purpose

of ascertaining whether this statement was correct, Schunck was ^"^^^^
trace of that cdoiu^ng matter; but ho discovered that tho plant contains a considerable
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quantity of a yellow colouring matter, which may very easily be ohtainod from it.

This colouring matter crystallises is small primrose-yellow needles. It is very littlo

soluble in cold water, but soluble in boiling water, and still more soluble in alcohol.

Muriatic and sulphuric acid change its colour to a deep orange, tlie colour disappearing

on the addition of a large quantity of water. It dissolves easily in caustic alkalis,

forming solutions of a beautiful deep yellow colour, from which it is again deposited

in crystalline needles on adding an excess of acid. It is, however, decomposed when
its solution in alkali is exposed for some time to the air, being thereby converted into

a yellowish-brown amorphous substance, resembling gum. Its compound with oxide

of lead has a bright yellow coloiu?, similar to that of jchromate of lead. The com-
pounds with the oxides of tin are of a pale but bright yellow coloui*. On adding

protosulphate of iron to the watery solution, the latter becomes greenish, and, on
exposure to the air, acquires a dark green colour, and appears almost opaque. The
watery solution imparts to printed calico, colours, some of which exhibit considerable

liveliness. Silk and wool do not, however, acquire any colouj when immersed in the

boiling watery solution, unless they have previously been prepared with some mordant.

The composition of this substance in 100 parts is as follows:—caxbon 50'00, hydro-

gen 5-55, oxygen 44-45. Its formula is probably C=»H2''0='' [C'^H^co'"]. It appears

to be identical with Buiine, the yellow colouring matter contained in the Bufa
graviolens, or common rue, and in capers ; and with Eixanthim, a substance derived

from the leaves of the common holly. From 1,000 parts of fresh buckwheat leaves, a

little more than one part of the colouring matter may be obtained. As the seed of

the plant is the only part at present employed, it might be of advantage to collect

and dry the leaves, to be used as a dyeing material.—E. S.

The Tartarian Buchwheat {Polygonum Tartarium) differs from the former in having
the edges of its seeds twisted. It is not considered so productive, but it is more
hardy ; and better adapted for growing in mountainous situations.

The Dper's Buckwheat. {Polygonum tinctorium.) This plant was introduced to the
Eoyal Gardens at Kew by Mr. John Blake, in 1770. Authentic information as to

its properties as a dye-yielding plant was only received at a comparatively recent
period, from missionaries resident in China, where it has always been cultivated
for its colouring matter. In Europe, attention was first directed to its growth by
M. Delille, of the JaKlin du Eoi at Montpellier, who in 1835 obtained seeds from the
Baron Fischer, Director of the Imperial Gardens at St. Petersburg. It has since that
time become sufficiently valuable to render its cultivation as a dye-drug of sufficient

importance. The Japanese are said to extract blue dyes from Polygonum Chinensis,
P. barhatum, and the common roadside weed, P. aviculare.—Lawson.
BUDDIii:. See Dbessing Ohbs.
BUDDI.ING. A mining term. The process of separating the metalliferous ores

from the earthy matters Avifch which they are associated, by means of an inclined
hutch, called a huddle, over which water flows. It is indeed but an arrangement for
availing ourselves of the action of flowing water to separata the lighter from the
heavier particles of matter. See Dressing Ores.
BUDE I.ZGHT. A highly illuminating flame invented by Sir Goldsworthy

Gurney, of Bude, in Cornwall. Oxygen gas is driven through the centre of an
argand flame of ordinary coal-gas, by which an intense combustion is established,
and hence the high illuminating power is obtained.
BTJPP XiEATHER. A leather prepared with some albuminous substance and

oil. See Leatiiee.

BXrrr sticks. Pieces of wood upon which buff leather is fastened
;
they are

used for polishing.

BVCIiE. A kind of bead used for ornamenting dresses.
BUHIi. Buhl-work consists of inlaid veneers ; and differs from marquetry in being

confined to decorative scrollwork, frequently in metal, while the latter is more com-
monly used for the representation of flowers and foliage. Boule, or Buhl, was a
celebrated cabinet-maker in France, who was born in 1642 and died in 1732. Ha
was appointed ' Tapissior en titre du Eoi,' and he gave his name to this peculiar
process of enlaying wood with either wood or metal. See Marquetry, Parquetry.
BTTHR-STOM'E is a cellular flinty quartz rock, constituting one of the jaspery

varieties of the quartz family. It forms a celebrated grit-stone, much used in Franco
and other parts of the Continent for grist mills. Those of La Fertd-sous-Jouarro
(Scine-et-Marne) are regarded as superior to ;xll others. In consequence of the
necessity for carefully piecing those stones togetlior, they are naturally expensive •

yet the demand for buhr-stonos continue* great. Written also Burr and Burrh
'

BTTKE or buck: IM:irsx.lxr. A clear muslin woven for tambour working 'and
usod princip;illy for ladies' dresses. It is often called ' book ' muslin.
aviiIi-DOG. A name given to an iron slag. See Iboit.
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BVUT TXtEE. A species of Mimusops (mtmus, a mimic, appearance) which

grows in Domcrara and Borbico, where it is used for houso frames and other purposee
,

in building, also for the spokes of wheels. It may bo obtained nearly 30 feet lone
and squares about 25 inches.
BUXiRUSH, or Tall Cluh. {Scirpus lacustris ; Celtic, cirs, rushes.) The bul-

rush, bolongnig to tlie natural order of Cypcracea, grows naturally on alluvial Boik
which are occasionally covered with fresh water. A species of Typha (Natural Order,
Typhaccce), is also known commonly as bulrush. It is much used by coopers for
putting between the staves of barrels, and by chair-makers. lilany other plants
belonging to this order are employed for economical purposes, such as forming seats,
ropes, mats, and fancy basket-work, also for thatching houses.
BUIiTCH. A oniiicr's term for an isolated mass of ore. A lode is said to be bunchy

when the metalliferous ore is found in irregular and sparsely distributed masses, the
other portions being made up of valueless earthy minerals.
BXrsrCHV. In mining. A lode in which the ore occurs in isolated masses

scattered through it.

BTTN-Cr. A large cork for casks. The name in Persia for hemp, the Cannabis saliva.
BTTKrirv. In mining. A pipe of ore or a mass—not a vein or lode.
BXTNTTIM'G. An open-made worsted stuflF, used for making flags.

BVigrTKUPFERERZ. (Ger. Variegated copper ore). This term is commonly
applied, even by English mineralogists, to an ore of copper, otherwise known as
Erubescite, Phillipsite, Bornite, and Purple Copper Ore. By our Cornish miners it is

generally known as Horse-Flesh Ore. See Coppeb, Ores of.

BV2lGUirB7 PITCH. Burgundy pitch, when genuine, is made by melting
frankincense (Abietis resina) in water and straining it through a coarse cloth. The
substance usually sold as Burgundy pitch is, however, common resin incorporated
with water and coloured with palm-oil. In some cases American turpentine is em-
ployed. See Pitch and Tar.
B1TR]LBRS. Women are so called who are engaged in removing from woollen

cloths, with tweezers, all irregular threads or hair.

EXTRTTETT'S FIiXTID. A solution of chloride of zinc is commonly known as Sir
William Burnett's disinfecting fluid. It is largely used as a powerful disinfectant.

BTTRXgriSrC house, a miner's term. In Cornwall the Iciln or oven in which
the tin and other ores are placed to sublime tho volatile constituents, sulphur and
arsenic, is so called.

BVRZI7T X.Eil.vXN-GS. See Copper.
BURNT SUeJkR. See Caramel.
BURROW. A miner's term for a heap of rubbish.
BUSKS. The flat whalebones, or steel supports for the stays of women.
BUSSORAH GUM. See Bassora.
BUTT. A large cask. The beer and wine butt should contain three barrels, or

108 imperial gallons. The wine butt formerly held 130 of the old wine gallons.

In the leather trade, a butt is a rounded crop, or a full hide.

BUTTER. {Beurre, Pr. ; Butter, Ger.) Butter is the fatty matter of milk,

usually that of the cow. Milk is composed of butter, caseine, sugar of milk,

several salts, and water. The butter exists in the form of very small globules of

nearly uniform size, quite transparent, and strongly refractive of light. Milk left in

repose throws up the lighter particles of butter to the surface as cream. It was
imagined that the butter was separated in the process of churning, in consequence

of the milk becoming sour ; but this is not the case, for milk rendered alkaline by

bicarbonate of potash affords its butter fully more readily than aciduous milk.

The best temperature for churning milk or cream is 53° P. ; that of 60° is too high ;

and under 60° is too low. By the churning action the heat rises from 3° to 4° P.

All the particles of butter are never separated by churning
;
many remain difiused

through the butter-milk, and are easily discoverable by the microscope.
_

These

are more numerous in proportion to the bulk of the liquid ; and hence it is more

economical to churn cream than the whole milk which affords it It is computed

that a cow whicli gives 1,800 quarts (old English) of milk per annum eats in that

time 8,000 lbs. of hay, and produces 140 lbs. of butter. Analysis shows that this

weight of hay contains 168 lbs. of fat. The finest flavoured butter is obtained from

milk churned not long after it is drawn ; but the largest proportion is dcrivc^d from

tho cream thrown up by millc after standing 24 hours in a temperature of about

50° P. The butter-milk, which contains the very fermentable substance, cascine,

should bn well separated from the butter by washing with cold water, and by benting

^vitli the hands, or preferably, without water, for tho sake of fine flavour, by the action

of a' press.
. , . .

,

Tho Tartars and Pronch have long been iu tho habit of preserving butter, by
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molting it with a moderate heat, whereby are coagulated the albuminous and curdy
matters remaining in it, -which are very putrescible. This fusion should bo made by
the heat of a warm bath, about 176° F., continued for some time, to eiFect the more
complete purification of the butter. If in this settled liquefied state it be carefully
decanted, straified through a tammy cloth, and slightly salted, it may be kept for a.

long time nearly fresh, without becoming in any degree rancid, more especially if it

bo put up in small jars closely covered.

In Cornwall and Western Devon, the first process in the manufacture of butter is

the formation of the cream by heat. After the milk has stood for from twelve to
twenty hours at rest, so that the cream globules may rise to the surface, it is ex-
posed to a very slow heat, until it acquires a temperature of about 200° T. ; care
being taken that, if it exceeds this, the milk never boils. The pellicle of cream
being formed, the vessel is removed from the fire, and allowed to cool ; when cold,
the butter is made from this cream in the usual way.
"Wien subjected to microscopical examination, milk is found to consist of infinitely

minute globular particles floating in a serous fluid. Easpail says the largest of these
globules are not above l-2500th of an inch in diameter. These globules consist
essentially of butter. In the East, butter is prepared for keeping by carefully melting
it pver a very slow fire, and removing the scum as it rises. Thenard recommends
this process, but directs that it shoidd be carried out by the use of a water-bath.
If good fresh butter is wrapped in a piece of linen and plunged into a strong brine,
it -will keep good, witliout saltness, for a long period.

Butter is preserved by salting in Ireland, in Holland, and in the Channel Islands.
In 1872 we exported 56,322 cwts., of the value of 327,431^.—of which 23,431 cwts.
were sent to Brazil. See Milk.
BUTTERS, laiKTERAX.. The old chemists called several of the metallic

chlorides,—butters
;
as butter of antimony, butter of tin, butter of bismuth, Sec.BUTTER or AITTXTaONV. An old name for the anhydrous chloride of

antimony.

BUTTER or CACAO. Sec Cacao.
BUTTER, VECrETABl.E. A greasy substance expressed from the kernels of

the Sassia butyracea, a native of N6rth India. This grease is said to make excellent
soap. Shea butter is obtained from the B. Par/cii, of "West Africa, and has been used
in making candles and soap. The butter-tree of Sierra Leone is the Pcntadesma
butyracea (Br.), the fruit of which yields much grease, eaten by the negroes
BUTTON- RIANUrACTURB. This art is divided into several branches, con-

stituting so many distinct trades. Metal, horn, leather, bone, and wood, are the
substances frequently employed for buttons, wMch are either plain, or covered with
silk, mohair, thread, and other ornamental materials. The most durable and orna-
mental buttons are made of various metals, polished, or covered with an exceedingly
thin wash, as it is termed, of silver or gold.
The buttons intended to be covered with silk, &c., are termed in general moulds.

ihey are small circles, perforated in the centre, and made from those refuse chips of
bone which are too small for other purposes. For the large and coarser buttons,
pieces of hard wood, are sawn into thin flakes, of an equal thickness ; from which, by
a machine, the button moulds are cut Out! at two operations.
White metal and brass buttons, as well as plated buttons, are stamped by the fly-

press, out of copper-plate, covered on one side with silver at the flatting mill. The
copper side IS placed upwards in stamping, and the dye or hole through which thev
are stamped is rather chamfered at its edge, to make the silver turn over the edge of
the button. The backs are stamped in the same manner as the gilt buttons. The
shanks are soldered on with silver solder, and heated, one by one, in the flame of a
amp, with a blow pipe urged by bellows. The edges are now filed smooth in the

lattie, care being taken not to remove any of the silver which is turned over the edge.
I hey are next chppcd in acid, to
clean the backs, and boiled in 265
cream of tartar and silver to
whiten them ; after which they
are burnished, the backs being
first brushed clean by a brush
held against them as they re-
volve in the lathe. The mode
of burnishing is the same as for
gilt buttons. When the buttons
are first cut they have excced-

'i^^^.f'''^
edges, to con-ect which and to produce a round, smooth wire-Ul-Aedge, they are roiled between two parallel pieces of steel, one moZThoZli^j
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past the other, -which is fixed, and both of them containing polished grooves on their

corresponding faces. To the movable piece a, fig. 266, motion is given by means of
the handle b. In both the grooved pieces, which are about eighteen inches in length,

there are semicircular openings as at a, which, by corresponding once during oacli re-

volution of the hand, admit of the blank e being dropped into the grooves, after which
it is carried, revolving as it proceeds, between the pieces of stool, till coming to the

hole i, it drops through into a basket. This operation is performed with amazing

celerity by a boy, who drops the blanks into the cavity with his left hand, while he

turns the handle with his right : they are now ready to receive the shanks.

Button shanks are made by hand from brass or iron wire, bent and cut by the fol-

lowing means :

—

The wire is lapped spirally round a piece of steel bar. The steel is turned round

by screwing it into the end of the spindle of a lathe, and the wire by this means

lapped close round it till it is covered. The coil of wire thus formed is slipped ofiF,

and a wire fork or staple with parallel legs put into it. It is now laid upon an anvil,

and by a punch the coil of wire is struck down between the two prongs of the fork,

so as to form a figure 8, a little open in the middle. The punch has an edge which

marks the middle of the 8, and tlfo coil being cut open by a pair of shears along this

mark, divides each turn of the coil into two perfect button shanks or eyes.

Buttons to be gilded are stamped out from copper (having sometimes a small alloy

of zinc), laminated in the flatting mill to the proper thickness. These circular pieces,

called blanks, are annealed in a furnace to soften them ; and the maker's name, &c
is struck on the back by a monkey, which is a machine very similar to a pile engine.

This stamp also renders the face very slightly convex, that the buttons may not stick

together in the gilding process. The burnishing is performed by a piece of haematite

or blood-stone, fixed into a handle, and applied to the button as it revolves by the

motion of the lathe.

A great number of the buttons, thus prepared for gilding, are put into an earthen

pan, with the proper quantity of gold to cover them, amalgamated with mercury in

the following manner :—The gold is put into an iron ladle, and a small quantity of

mercury added to it ; the ladle is held over the fire, till the gold and mercury are

perfectly united. This amalgam being put into the pan with the buttons, as much

aquafortis, diluted with water, as will wet them all over, is tlirown in, and they are

stirred up with a brush, till the acid, by its affinity to the copper, carries the amalgam

to every part of its surface, covering it with the appearance of silver. When this is

perfected, the acid is washed away with clean water. This process by the workman

is called quicking.

The old process, in gilding buttons, called the drying-off, was exceedingly per-

nicious to the operator, as he inhaled the vapour of the mercury, which is well known

to be a virulent poison. In order to obviate this, the following plan of apparatus

has been employed with success:—The vapour, as it rises from the pan of buttons

heated by a charcoal fire, is conducted into an oblong iron flue or gallery, gently

sloped downwards, having at its end a small vertical tube dipping into a water cistern

^ ' for condensing the

266 i'-

"—

^

—rrrrumm mercury, and a large

vertical pipe for pro-

moting the draught of

the products of the

combustion. By act

of parliament 5 grains

of gold are allotted

for the purpose of

gilding 144 buttons,

though they may be

tolerable well gilt by

half that quantity. In

this last case, the

thickness would bo

about the 214,000th

part of an inch.

Mr. Holmes of Bir-

mingham patented a

process wlHch was

work ; a portion of the description is

as appear to bo still in use.

fully described in tlie

former edition of this

retoined, especially such p«ts of his machinery
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Having explained the peculiar form of his improved metallic shanks for buttons,

and the tools employed in making the same, ho proceeds to describe the machinery or

apparatus by which ho

carries his invention

into eifoct. He takes

a sheet of metal, say

about 30 or 40 feet

long, and of the proper

Avidth and thickness,

which thin sheet is to

be woimd xipon a roller,

and placed fibove the

machine, so that it can
be easily drawn down
into the machine as required for feeding the punches and dies. Fig. 266 is a plan-

A'iew of a machine intended to work any convenient number of sets of punches and
dies placed in rows. Fig. 267 is a side view, and fig. 268 a longitudinal section,

taken tlorough the ma-
chine

; figs. 269 and 270
are transverse sections

tfxken through tlie ma-
chine between the
pnnches and counter

dies, fig. 269 represent-

ing its appearance at

the face of the punches,

ajiAfig. 270 the opposite

newof the counter dies.

a a are the punches

;

b h, the counter dies

;

each being mounted in rows in the steel plates c c, fixed upon two strong bars d and
e, by counter-sunk screws and nuts ; the punches and dies being retained in their
proper position by the plates, which are screwed on to the front of the steel plates,
and press against the collars of the punches and dies. The bars d and e are both

mounted on the guide-pms g g, fixed in the heads h h, of the frame, which guide-
pns pass through the bosses on the ends of the bars. The bar d is stationary upon
the guide-pins, being fixed to the heads k h, by nuts and screws passed through ears
cast on their bosses. The bar e slides freely upon the guide-pins g g, ai it is
moved backwards and forwards by the crank i i, and connecting-rods j i, as the
crank-shaft revolves The sheet of thin iron to be operated upon is placed, as
before stated, above the machine

; its end being brought down as at a a, and passed
between the guide-rod and clearing plate k, and between the pair of feeding-rollers
U, which by revolving draw down a further portion of the sheet of metal between
the punches and dies, after each operation of the punches
As the counter dies advance towards the punches, they first come in contact with

the sheet of metal to be operated upon
; and after having produced the pressure which

cuts out the discs, the perforations of the sheet are pushed on to the ends of the punchesby the counter dies
;
and in order that the sheet may be allowed to advance, the car-nage which supports the axles of the feoding-roUors, Avith the guide-rod and clearine-

plato, are made to slide by means of the pin m, which works in a slot in tlie slidinl-
piece n, beanng the axis of the feeding-roller 1 1, the slide n being kept in its place onthe framework by dovetailed guides, shown in fig. 270.

,

When the counter dies have advanced near to the sheet of metal, the pin m comesm conuct with that end of the slot in the piece n which is next to the mnchosTndforces the carnage with seed-rollers and clearing-plate, and also the sheet of metal.
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onwards, as tlio dios aro advanced by tlio reaction of the cranks ; and after they have cut
out tho discs, and raised tlio shanks, the sheet of metal will remain upon the punches-
and when tho bar c returns, tho finished backs and shanks aro forced out of the coun-

by tho clearing-pins and rods o o, which project through tho bar e, and through
the holes boforo montionod in tho counter dios ; these clearing-pins being stationary be-
tween the bars p, mounted upon tho standard q q, on tho cross bar of tho frame, as
shown in /^s. 2G6, 268, 269. Immediately after this is done, tho pins m come in con-
tact with tho other ends of tho slots in tho pieces n, and draw back tho feeding-rollers
i I, together with tho cloaring-plato k and the sheet of metal, away from the punches
into tho position represented in tho figures.

At this time tho feeding of tho metal into tho machine is effected by a crank-pin r,

on tho end of tho crank-shafts coming in contact with tho bent end of the sliding-bar a,

supported in standards t t ; and as tho crank-shaft revolves, this pin r forces the bars
forward, and causes the tooth or pall u, on its reverse end, to drive tho ratchet-wheel v,

one or more teeth ; and as tho ratchet-wheel v is fixed on to tho end of tho axlo of one
of tho rollers I, it will cause that roller to revolve ; and by means of the pair of spur-

pinions on the other ends of the axles of the feeding rollers, they will both revolve

simultaneously, and thereby draw down the sheet of metal into the machine. It will

bo perceived that tho standards which support the clearing-plate and guide-bar are car-

ried by tho axles of the feeding rollers, and partake of their sliding motion : also that

the clearing-pins o, are made adjustable between tho bars p, to correspond with tho

counter dies. There is an adjustable sliding-stop x upon the bar s, which comes in

contact with tho back standard t, and prevents the bar s sliding back too far, and con-

sequently regulates the quantity of sheet metal to bo fed into the machine by the pall

and ratchet-wheel, in order to suit different sizes of punches and dyes. In case the

weight of the bar c, carrying the counter dies, should wear upon its bearings, the guide-

pins gg have small friction rollers yy, shown under the bosses of this bar, which fnction

rollers run upon adjustable beds or planes, z s, by which means the guide-pins may
be partially relieved from the weight of tho bar c, and the friction consequently

diminished.

Buttons of Horn, —Mr. Thomas Harris obtained, in April 1841, a patent for

improvements in tho manufacture of horn buttons, and in their dies. His invention

relates, first, to a mode of applying flexible shanks to horn buttons
;
secondly, to a mode

of ornamenting horn buttons, by enlaying the front surface thereof
;
thirdly, to a mode

of ornamenting what are called horn buttons, by gilding or silvering their surfaces

;

fourthly, to a mode of constructing dies, by applying separate boundary circles to each

engraved surface of a die, by which the process of engraving, as well as the forming of

accurate dies, will be facilitated ;
fifthly, to a mode of constructing dies, used in the

manufacture of horn buttons, whereby the horn or hoof employed will not be permitted

to be expressed beyond the circumference of the button.

Fig. 271 represents, in section, a pair of dies, a and b, used in producing tho

271 274 279 283 286

improved horn buttons, according to tho first improvement; the "PPf
^
^° j? "J^'g

to produce tho back surfaces of tho buttons, and tho recess or groove for receiving tne
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flexible shank. Fig. 272 shows, in section and back view, the form of a button pro-

duced by the dies.

Buttons thus formed are now ready to receive flexible shanks ; and if the buttons

are to have plain smooth front surfaces, then, in fixing the flexible shanks, the same
kind of under die, b, may be used ; but if the front surface of the button is to be em-
bossed or ornamented, then, in place of that die, a similar one, having engraved or suit-

ably ornamented surfaces, is to be used. When fixing the shanks to buttons, the lower

or face die, containing the previously formed buttons, is to be heated till a drop of

water will nearly boil upon it.

The shank is applied as follows :—a metal shell or collet a (seo Jig, 273) is placed

over the flexible shank b, and a plate of metal c is laid under the shank ; these are

placed in tlio groove or recess of the button, which had been previously heated in the

lower die ; the upper die a (fg. 274) is then to be placed on the lower die b, and the

two submitted to pressure, until they become cool, when the shank will be firmly at-

tached, as shown at Jig. 275, and the bottom may be finished in the usual way.
The second part of the invention, which relates to a mode of ornamenting horn

buttons, by cnlaying the front surface thereof, is performed in a manner similar to

what has been above described, for fitxing flexible shanks, and consists in first form-
ing the front face or surface of a button, in suitable dies, for providing a recess ; and
then, by a second-pressure in dies, to fix the ornamental surface

;
and, when desired,

the siuTounding front surface of the button may be embossed. Fig. 276 is a longi-

tudinal section of a pair of dies, for forming a recess in the face of a button. Fig.

277 shows, in front view and section, a horn button produced by these dies. Fig. 278
shows a metal ornament, to be inlaid or fixed in the front sm'face of the button, but

1 it shoidd be stated that the ornamenting surface, to be fixed in the front surface of the
button, may be of pearl or other material ; and the size and device varied according
to taste. Fig. 279 shows in section a pair of dies, for giving the second pressure
for affixing the ornamental surface

; and, if desired, the remaining front surface of
the button may be ornamented, by having the lower die engraved, or otherwise suit-
ably ornamented. Fig. 280 shows in front view and section a button made according
to this part of the invention.

The third part of the invention relates to a mode of ornamenting horn buttons, by
gilding or silvering their surfaces. This is effected by applying a suitable cementing
or adhesive material with a soft brush to the button, in order tiiat gold- or silver-leaf
may be attaclied to its surface. The cementing or adhesive material preferred to be
used is dressing varnish rendered sufficiently liquid by essence of turpentine ; and
when the varnish is nearly dry, gold- or silver-leaf is applied thereto, and pressed in
the same manner as practised when gilding and silvering other surfaces

; by thus
treating horn buttons a very novel manufacture of that description of buttons may be
produced. •

The fourth part of this invention relates to the construction of dies used in the
manufacture of horn buttons. Fig. 281 is a section of a die, constructed according to
this part of the invention ; and Jig. 282 is a section showing the die without the bound-
ing circles,_which confine the patterns ;/is the die engraved at the parts g g ; around
each of which engraved surfaces are circular grooves or recesses to receive the bounding
circles h h, which fit accurately. By the after-insertion of these circles, the workman
IS not confined to move his graver within the bounding line, as that line is not present
when engra,ving the plate ; and the graver may pass beyond, and the grooves and the
bounding circles may readily be made with great accuracy to each of the engraved
surfaces.

The fifth part of the invention also relates to a mode of constructing dies for the
manufacture of horn buttons, and consists in forming the dies so that the bounding
circle shall be a siifficient depth for the counter die to slide within it, and fit accu-
rately in order that the circumference of each button shall be smoothly and accurately
formed. Fig. 283 represents in section two dies, and one counter die, made according
to this part of the invention; Jig. 284 shows one of the dies in plan and section; and
Jig. 285 a plan and section of a counter die suitable for flexible shank buttons, h h
are the dies, having the engraved surfaces i i on separate circular discs of metal, such
as have heretofore been used

; y is a counter die, and k a tube within which the
counter die is held, the object of this tube being to guide the projecting edges 1 1 of
the dies as shown, and thus keep the dies and counter dyes correct to each other. Fiq
286 IS a section of two dies h, and a counter diej?' ; but in this case the tube k is dis-
pensed with, the dies being deeper sunk, and thus guiding the counter die correctlyLy the use of these dies, the edges of horn buttons will be more accurately formed and
consequently require less finishing. This description of dies may bo made accor'dine
io the mode dcscnbed in the fourth part of this invention ; that is, by forming theboundary circle separately, as will be understood by referring to Jig. 287 which is a
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sido-soetion of a die complete, with its boundary circle formed in a similar manner to
that described above. Fig. 288 represents, in plan and section, a variation in tho
moans of affixing a separate bounding circle to each engraved surface ; and it is suitablo
for working without the tube. In using tliose dies they are to be heated but slightly,
whether for buttons with metal shanks, or to receive tiexiljlo shanks, and are to Ijc

pressed as heretofore. Tho patentee claims, first, tho mode of manufactxiring horn
buttons with flexible shanks, by first forming buttons by pressure and Iieat, and then
by a second pressure in dies, to affix flexible shanks thereto, as above described.
Secondly, the mode of ornamenting horn buttons, by causing suitablo surfaces to bo
affixed in tlie front surfaces, by pressing tho buttons with the ornaments in dies, as
above described. Thirdly, the mode of ornamenting horn buttons by gilding and
sih^ering their surfaces as described. Fourthly, tho mode of constructing dies used
in the manufacture of horn buttons, by applying separate bounding circles to each en-

graved surface, for a button; and fifthly, the mode of manufacturing horn buttons in

dies, wherein the horn or hoof is prevented from being expressed at tho circumference

of tho buttons as described.

Buttons, Covered.—Mr. Joseph Parkes obtained in 1840, a patent for improve-
ments in the manufacture of covered buttons made by dies and pressure, by the appli-

cation of horn as a covering material. The process resorted to by the patentees for

carrying out this invention is very similar to that pursued in mamofacturing Florentine

buttons ; such modifications being applied as are rendered necessary for adapting such

process to tho peculiar nature of tho material employed for covering the face of each

button, a {^(/. 289) shows a plan of a disc of iron plate, with four projecting points,

which is formed by suitable dies in a fly-press, as is well understood ; the points aro

then turned down, and the disc a is sunk into the shape shown at fig. 290, and twosMfl

sunk discs are applied to the internal core of the button-board of each button : b {fig.

291) shows apian and edge view of a circular disc of button-board suitable for forming

the internal core of a button. .
. . .

' The dies being placed in suitable presses, as is well understood in using similar

dies in manufacturing Florentine and other covered buttons, one of the sunk discs a

is placed in the under die, with the points upwards, having a disc of button-board

placed on the points, as shown at^^'. 292 ; the upper die or punch is then caused to

descend and press the button-board b into the shape shown at Jig. 293 ;
which, when

thus formed, is to have a die a applied on the other side, as shown at,fig. 294. 1m

disc a, to be next fixed to the button-board, is placed in a suitable die, the disc whicH

has already been fiixed being upwards ; the die or punch is now to be pressed down,

which will produce the button-board, with the discs a a, on either side, into the sliapo

shown at Jig. 295 ; and it will be seen, that one of the discs ^v•ill by tho sliapo of tM

die, be sunk concave, whilst the other disc a, on the other side, will be formed convex ,

or according to the figure of the face of the intended button.
_ , , . , „ r

The core of button-board (Jig. 295) is now ready to bo inserted i"to the fabnc

which is to become tho flexible shank of the button, and which flexible shank is formea

by sinking a portion of fabric in suitable dies, as is well ""^''''^tood when making

similar shanks in Florentine or other covered buttons ; and the shank being so sunk,

tho button-board of core (fig. 295) is to be placed thereon, mth tho concave surlaco
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towards the protruding shauk ; and the edges of the fabric arc then to bo pressed over

the core as is well understood, wliicli will produce the partly formed button {fig. 296),

whioh is a side view, and consists of the shank containing the core, which is next

inserted into the metal sh^Weifig. 297), and these parts being placed m a suitable die,

are pressed to"-ether, and the partly manufactured button {fig. 298) will bo produced,

mnsistinf of the shank containing the core, covered on the front surface with the

metal shell c, wliich, by the die. has its edges bent down on the fabric of the flexible

shank The'button, thus far formed, is now in a condition to be covered with a thin

nlato of horn, which is performed in the following manner:— {fig. 299) shows a

disc of horn cut out by suitable dies, the circumference being scolloped, in order

that in folding over the mould {fig. 298) the horn may not be puckered, e {fig. 300)

shows a coUet, for affixing the covering of horn to the button, the collet being similar

to that used in what is called ' Sandar's plan of making Horentme and other covered

^^The method of covering the mould of the button with horn is described as follows :—

Fia 301 represents, in section, a lower covering die, and also a proper punch for

pressing the parts into the lower die ; these dies being in a suitable press, as is

well understood. The lower die is to be kept heated to such an extent that the work-

man can just bear his hand to rest, for a very short time, on the upper surface of

the die • the heating is preferred to be accomplished by means of a flame of gas

below the die ; and it will be seen that there are holes //, in the die, through which

the heat of the flame may pass, and g is an opening to allow of atmospheric air flowing

under the lower die. The disc of horn d is placed in the lower die g. _
The shape

or mould {fig. 298) is then placed on the horn, and the punch or die h, is caused to

descend, and press the parts into the die g; and the punch h is then raised, in order

to allow of the introduction of the parts shown at figs. 302 and 303, which consist of

the tube i, and the punch or die j. The lower edge of the tube i is made bell-mouthed,

so as to cause the scolloped edges to be pressed on the back of the buttons, and the

die or punch j is to cause the collet to be forced through the horn in the button

;

and, in using these parts, the collet is placed in the tube i, which with its punch is

inserted into the die s, as shown at fig. 304, which flgure represents the die G_and

j)unch H in the condition just described, after having forced the parts into the die g ;

and this figure also shows the tube i, mth a collet d and the punch or die J placed

in the tube i ; and all things are in a condition to receive the pressure of the punch h.

In order to prevent the pressure coming on the punch or die J before the horn has

been folded down by the tube i, the hollow block k is placed over the die or j)unch j

;

consequently when the punch H is caused to descend, it will force down the tube i, and

cause it to gather the edges of the horn, an4 press them on the back of the mould of

the button, when the punch h will be raised again, and the block removed, which will

leave all things in the position shown at fig. 305 ; and then again, the bringing down

of the punch h will cause the die or punch j to descend, and force the collet into the

button, the die j being retained in the tube i by means of the pin z, passing through

a slit formed therein, which allows of the die j rising and falling in the tube i, but

prevents its coming out of that tube. The button, thus far formed, is now in a con-

dition to be completed in the finishing dies {fig. 306), the lower dies being kept heated

in a similar manner to the die c. The dies being fixed in a suitable press, the button

to be finished is inserted into the die l (which may be ornamented or plain), with the

shank upwards, and the punch or die m is caused to descend and press the button into

shape.

When the front of the button is to be plain, the disc of horn should be polished

before being used for covering ; but when used to cover a button, and finished by an

engraved or ornamented die, the polishing is not necessary. The button being thus

made is to be finished by placing it in a lathe to be ' edged,' as is commonly practised

in finishing horn buttons.

The patentee does not claim the means of making the mould or shape shown at

298, nor the dies employed when separately considered, very similar dies having been

before used in the manufacture of other covered buttons ; nor does he confine him-

self thereto, so long as the peculiar character and essence of the invention be re-

tained
; viz., that of manufacturing covered buttons, made by dies and pressure by

the application of thin sheet horn as the covering material. He claims the mode
herein described of manufacturing covered buttons by the application of horn as a
covering material.

Porcelain Buttons.—These buttons were first manufactured by Messrs. Minton and
Co. under Prosser's patent for the compression of dry porcelain clay in moulds (the

process will bo fully described under the head TESSEitai;). Several houses have adopted
the same process in this country. Mr. Bagatorasse has a large establishment at Briare,

whore ho manufactures those buttons on a large scale, and being in competition with
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Mr. Lobojuf of Broil, tlioy aro sold very cheaply. Bagatorasso has greatly improved
tho procoss by striking sovoral hundred buttons at onco, instead of doing them siniflv
as by Prossor's original process. Sao TiiJss and Teskee^e;

^

In 1872 wo imported of Buttons and Studs—not of metal—to tho value of 134 015/
chiefly from Germany and Holland. ' '

BXJTTY. A minor who contracts to raise coal at a certain price per ton. Iff
employs men to do his work, and they have usually an overlooker engaged bv tiii
butty, and called the ' Doggy.'

^

BV-mAMlNH, C^H^'N (C<H"Iir). A volatile organic base, homologous witli
methylamine. It is found in the more volatile portion of bone-oil. It may bo pre-
pared artifically by processes analogous to those employed for methylamine, amyla-
mine, &c., substituting tho butylic cyanato, urea, or iodine, for those of meth'yle and
amyle. See Amyiamine.—0. G. W.
BUTYRIC il.CID. A volatile fatty acid, discovered by Chevreul, who obtained

it by saponifying butter with an alkali. Eancid butter owes its smell to tho forma-
tion of this acid. Sco Watts's ' Dictionary of Chemistry,'

BUTVRIC ETHERS. Compounds formed by the direct action of butyric acid
on alcohols. To tho presence of small quantities of these ethers, the peculiar flavour
of pine apples, melons, and some other fruits is due. Pine-apple rum owes its flavour
to the presence of tho butyrate of ethyl. ' A solution of butyric ether is very ex-
tensively used in perfumery, and in confectionery, under the name of pine-apple oil.

It is prepared for this purpose by the following process:—Butter is saponified by a
strong solution of potash-ley ; the soap is dissolved in very little absolute alcohol,

and to the solution is added a mixture of alcohol and sulphuric acid, until a
strongly acid reaction is set up. The whole is then distilled ; heat being applied as
long as anything comes over with a fruity odour.' See Watts's 'Dictionary of

Chemistry.'

BUXirs. The box tree. The value of the box wood sent from Spain to Paris
is given as 10,000 francs a year. Tho box-wood tree formerly grew abundantly at

Boxhill, in Surrey. In 1815 the trees were cut down and produced upwards of

10,0001.—Saird. See Box Wood.
BUZZING, or BUSTXiIxrG. Terms sometimes applied to the process of work-

ing scrap iron in the charcoal hearth {Percy). See Ieok.

CABBAGE BARK. The bark of the cabbage tree of the West Indies (^Jz<ZzVfl

inermis), formerly used in medicine as a purgative and anthelmintic. It has been

supposed that this tree furnishes the partridge-wood of the cabinet-maker.

CABBAGE PAl^nx. The young leaf-buds of this palm, tho Areca oleracea, are

boiled and eaten as a vegetable in India.

CABBI^IXTG. A term used amongst metaUuxgists. In Gloucestershire it is

called Scabbling, Finery iron is smelted with charcoal, and when a soft mass of

about two hundredweight is formed it is hammered out into a flat oval from two to

four indies in thickness ; this is allowed to cool, and is then broken up into small

pieces, which is the process of cabbling or scabbling.

CABlbE. {Cable, Fr. ; AnJcertau, Ger.) A strong rope or chain, connecting tho

ship with the anchor for the purpose of mooring it to the ground. The sheet ancJwr

cable is tho btrungest, and is used at sea after the bower, wluch is in constant use, goes,

gives way, or requires help : the stream cable is smaller, being used chiefly in rivers.

A cable's length is 100 to 140 fathoms in tho merchant service ; in the Eoyal Navy, 4

cables are employed each of 100 fathoms, 2 cables being attached end to end. Tho

greatest improvement in mooring vessels has been tho introduction of the chain cable,

which, when duly let out, affords in tho weight of its long catenary curve, an elastic

tension, and play to the ship under the pressure of the wind. The dead strain upon

the anchor is thus greatly reduced, and the sudden pull, by which the flukes or arms

are readily snapped, is in a great measure obviated. The best iron cables aro chains

made of links, whoso sides aro stayed by cross bars or stud, welded across tho

middle of tho link. Experience has taught that the ends of those links wear out

much sooner than tho sides. To remedy this evil, Mr. Hawkes, iron mamifacturer,

obtained a patent in July 1828, for constructing these anchor chains witu links con-

Bidorablv stouter at the ends than in tho middle. With this view ho forms the short

rods of iron, of which the links are to bo made, with swells or protuberances about

ono-third of their length from each of thoir ends, so that when these are wolded to-

I
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gether, the slenderer parts are at tlie sides, and the tliicker at the ends of the elliptic

links. Such rods as the above are formed at once by rolling, swaging, or any other

means ; but in practice, this plan bas not been extensively carried out ; the simple
round iron seems best.

The first avowed proposal to substitute iron cables for cordage in the sea service is

stated to have been made by Mr. Slater, surgeon of the Navy, who obtained a patent for
the plan in 1808, thoughhe does not seem to have had the means of carrying it into effect

—a very general misfortune with ingenious projectors. It was Lieut. Samuel Brown,
of the Koyal Navy, who, in January 1808, had represented to the Naval Boards the
policy of employing iron rigging and chain cable, and who, in February of that year,
enrolled a patent for those articles, and in 1811 fijst employed chain cables in the
vessel ' Penelope,' of which he was commander, for the purpose of experimental ex-
perience, tliis vessel of 400 tons having been fitted expressly for the trial by Captain
Brown, Mr. Bruton, and other friends, at personal expense and risk, with iron rigging,,
chains, and cables, in place of hemp and rope.

He made a voyage in this ship from England to Martinique and Guadaloupe and
honie again, in the course of four months, having anchored many times in every
variety of ground without any accident. He multiplied his trials, and acqxiired
certain proofs that iron might be substituted for hemp in making cables, not only for
mooring vessels, but for the standing rigging. Upon his return from the West Indies,
Captain Brown strongly represented the advantages practically experienced of iron over
hemp. A committee of naval ofl&cers reported upon the whole affair, and the Govern-
ment ordered the ' Namur ' of 74 guns, the 'Monmouth' of 64, the * Crescent ' frigate,
and the ' Alonzo ' sloop, to be fitted with two chain cables of 100 fathoms each, and
Lieut. Brown was promoted to the rank of captain. These chains were of various
forms of links

; those, for instance, supplied to the ' Crescent ' were composed of very
short links with parallel sides.

Since this period, chain cables have been universally introduced into all the ships of
the Eoyal Navy

; but the twisted links employed at first by Brown have been replaced
by straight ones, stayed in the middle with a cross rod, the contrivance of Captain
Brown, which was secured by patent in this country.
The twisting of the links was done in order to assimilate the chain to the form of

rope,_ and for the purpose of making it run out with less concussion to the ship ; but
this in practice was found really to let the cable render out too easily, and was dis-
continued in practice.

Some of the cables supplied in 1811 to the ships of war were found to have defec-
tive links

; their general use was suspended until the beginning of 1812, when Captain
Bro^ra invented a mode of shutting the link with a long scarf, and introduced a
machine to put upon the chain any amount of strain that ought to be brouo-ht to bear
and thus ascertain defects of workmanship and material. This provinq machine led
to the introduction of stay pins in the links ; about the middle of 1812, chain cables
were^thus brought to great perfection, and very generally introduced into the Eoyal

The first thing to be considered in the manufacture of iron cable is, to procure a
material of the best quality, and, in using it, always to keep in view the direction ofthe strain m order to oppose the maximum strength of the iron to it. The best form
ot the bnks may be deduced from the following investigation:—
Let A B ifig- m) be a circular link or ring, of one-inch rod iron, the outer cir-cumference of the ring being 15 inches and the inner 9. If equal

opposite forces be applied to the two points of the link c d, pull- 307
ing c towards e, and d towards f, the result will be, when the " "

lorces are sufficiently intense, that the circular form of the link
will be changed into another form with two round ends and two
parallel sides, as seen in fig. 308. The ratio of the exterior to
the interior periphery, which was originally as 15 to 9, or 5 to 3,
IS no longer the same in fig. 308. Hence there will be a derange-
ment in the relative position of the component particles, and
consequently their cohesion wiU be progressively impaired, and ^
eventually destroyed. In fig. 307, the segment m n of the outside (VV ^periphery being equal to 3 inches, the corresponding inside seg- Vr~ ^Jment will be fths of it. If this portion of the link, in conse- Y A z
quence of the stretching force, comes to be extended into a straight
line, as shown mfig. 308, the corresponding segments, interior and exterior, must bothbe reduced to an equal length. The matter contained in the 3 inches ofS outsideperiphery must therefore be compressed, that is, condensed into l±inch ; or the ins deperiphery, which is only If inch already, must be extended to 3 inches that isBay, the exterior condensation and the interior expansion must take place in the
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reciprocal proportion. But, in ovory caso, it is impossible to effect this contraction

of one Bide of the rod and extension of the other, without disrupturo of the link.

Lot us imagine the outside periphery divided into an infinity of points, upon each of

which, equal opposite forces act to straighten the curvature
;
they must undoubtedly

occasion the rupture of the corresponding part of the internal periphery. This is not

the sole injury which must result ; others will occur, as we shall perceive in consi-

dering what passes in the i^ortion of the link which surrounds cd {fig. 308), whoso

length is 4^- inches outside and 2^th inside. The segments MP and no {Jig. 307),

are actually reduced to sorai-circunSerences, which are inside no more than half an inch

and outside as before. There is thus contraction in the interior with a quicker cur-

vature or one of shorter radius than in the exterior. The derangement of the particles

takes place here in an order inverse to that of the preceding case, but it no less tends

to diminish the strength of that portion of the link ; whence we may certainly conclude

that the circular form of cable link is an extremely faulty one.

Leaving matters as wo have supposed infig. 307, but suppose that o is a rod intro-

duced into the link, hindering its two opposite points a b from approximating.

This circumstance makes a remarkable change in the results. The

link, pulled as above described, must assume the quadrilateral form

shown in fig. 309. It offers more resistance to deformation than

before ; but as it may still suffer change of shape it will lose strength

in 60 doing, and cannot therefore bo recommended for the con-

struction of cables which are to be exposed to very severe strains.

Supposing still the link to be circular, if the end of the stay comprehended a larger

portion of the internal periphery, so as to leave merely the space necessary for the

plan of the next link, there can be no doubt of its opposing more effectively the change

of form, and thus rendering the chain stronger. But, notwithstanding, the circular

portions which remain between the points of application of the strain and the stay

would tend always to be straightened, and of consequence to be destroyed. Besides,

though we could construct circular links of sufficient strength to bear all strams, we

ought still to reject them, because they would consume more materials than links of a

more suitable form, as we shall presently see.

The effect of two opposite forces applied to the links of a chain is, as we have seen,

to reduce to a straight line or a straight plane every curved part which is not stayed :

whence it is obvious that twisted links, such as Brown first employed, even with a stay

in their middle, must of necessity be straightened out, because there is no resistance

in the direction opposed to the twist. A cable formed of twisted links, for a vessel ol

400 tons, stretched 30 feet, when put to the trial strain, and drew back only 10 ieet.

This elongation of 20 feet proceeds evidently from the straightening of the twii?t in

each link, which can take place only by impairing the strength of the cable.

Twisted cables are not now made, and but Uttle of twisted chain. They were made

to eive the familiar form of rope to the chain, to please the sailors prejudice.

from the preceding remarks, it appears that the strongest links are such as present

in their original form, straight portions between the points of tension ;
^lie°ce it is

clear that links with parallel sides and round ends would be preferable to all others,

did not a good cable require to be able to resist a lateral force, as well as one in tJio

Let us fuwoSat by some accident the fig. 308 should have its two ex-

Qi n xf^ tremities pulled towards y and z, whilst an obstacle _x, placed right

y^^^ opposite to its middle, resisted the effort. The side of the bnk

wMch touches x would be bent inwards ; but if, as mfig. 310, there

(
0<|C:<-> ) is a stay, a g b, the two sides would be bent at the same time

;

the

V_/2^^S^ ^(y^A notwithstanding assume a faulty shape.
,

In thus considering the vicious forms, we are naturaUy directed to that which ha.

had at one time the preference, as is shown in fig. 311; but this form of link and
Had at one time p ,

^^^^^^ ^ ^.^^ ^""^T^t
use of the simple link of parallel sides (fee^5'- 3lf)

and with a very different stay-pin, as will 1^? shown

hereafter. This old Unk has a cast-iron stay with large

ends; it presents in all directions a great resistance to

312
— 3U '^i^J ffo,jj,.forletitbepuUedinthedirecUon

a b against an obstacle c, it is evidTnt that the portions . and^
-Jj^^

^^^^^^^^

by the parts g e and gf, cannot get , deformed or be broken without^^^^^^ whole^^
.^^

giving way. As the matter composing ^7 e and .9/ cannot be shortenea, °

Smp?sesL and dfho lengthened, these four sides will remain—nly
^^^^^

relative positions, by virtue of the large^nded ste^^^^^^^^^^^

fin. 314. Wo have examined the strength of a link in every uir
,

1

•perpendicular to its plane. Fig. 313 represents the assemblage of three links

I
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above predicament ; but we ought to observe that the link c, placed between tho links
A. B, could not resist tho pressure or impact of tho two lateral links.

Process of vnanufacturing Iron Cables.—The imple-

ments and operations are arranged in the following

order :

—

1. The cutting, by a machine, of iron bars, in equal

lengths, but with opposite bevels, to allow of tho re-

quisite crossing and splicing of the ends in the act

of welding.

2. A reverberatory furnace, in which a number of
rods or round bars of the best possible wrought iron, and of proper dimensions
are heated to a red heat. The furnace is like those used in tho sheet-iron works'
but somewhat larger, and needs no particular description here.

'

3. The bending of each of these pieces by a machine, so as to form the links ; the
last operation is done rapidly while the iron is red hot.

'

4. The welding of the links at small forge fires, fitted with tools for this express
purpose, and the immediate introduction of the stay, by a top tool and hammer.

6. Proving the cables by an hydraulic press, worked by a pump, with levers to
ascertain the strain applied by working the pump.
Any ordinary shears will do to cut the iron, if furnished with a gauge or stor» to

regulate tho length of link.

The following forms of apparatus employed by the late Mr. Brunton and others,
relate more to the history of the past manufactures, than to the present practice on a

Figs. 3U and 315 are a plan and elevation of the shears with which rods are cut

314

nto equal pieces, for a bnk, moved bv a steam-engine, or worked by four or moralabourers. These must be reHeved, Lwever, frequently by others, for e^ch sWamachine is calculated to require nearly one horse in steam-pSwer.

315

A and B are tho two cast-iron limbs of the shears TIia flrof ;» « j j t

I
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jaws, o, aro of steol pieces made fast hj bolts, and may bo changed at pleaisure. f is
a stop which dotorminos the equal lengths of tlio pieces cut off, and can be shifted to
suit different lengths : a piece of iron is shown as being cut off between the upright
stop and the shears.

The following figures represent the plan and elevation of a machine for bonding
links into an elliptic form, superseded by the machine hereafter to bo described. It is

represented at the moment whon a link is getting bent upon it.

A is an elliptic mandrel of cast iron ; it is fixed upon the top of a wooden pillar b,

solidly supported in the ground, c is the jaw of the vice, pressed by a square-headed
screw against the mandrel a.

D, part of the mandrel comprehended between x and t, formed as an inclined plane,

so as to preserve an interval equal to the diameter of the rod between the two surfaces

that are to be welded together.

E, rectangular slots (shears) passing through the centre of the nut of the mandrel, in

which each of the pins f may be freely slidden.

G, horizontal lever of wrought iron six feet long. It carries at h a pulley or fric-

tion-roller of steel, whose position may be altered according to the diameter of the

links. It is obvious that as many mandrels are required as there are sizes and shapes

of links.

The piece of iron intended to form a link being cut, is carried, while red hot, to

the bending machine, where it is seized with the jaw of the vice c, by one of its ends,

the slant of the cut being turned upwards ; this piece of iron has now the horizontal

direction m n ; on pushing the lever g in the line of the arrow, the roUer h -nill force m n

to be applied successively in the elliptic groove of the mandrel
;
thus, finally, the two

faces that are to be welded together will be placed right opposite each other.

The length of the smjiU diameter of the ellipse ought to exceed by a little the length

of the stay-piece, to allow of this being readily introduced. The difference between

the points f e is equal to the difference of the radii vcctores of the ellipse. Hence it

will be always easy to find the excentricity of the ellipse.

Fig. 319 is a lever press for squeezing the old form of links upon their stays

after the links are welded. This machine was contrived for the purpose of supersedmg

manual laboxu:, but the skill and dexterity of the workmen have quite f^P°^s°^°\""d

machinery; however completely this and other machines may do the ""'orK,

^
labour does the work quicker and better, almost beyond comparison, ino a

practice is as follows :— , •, , j _„»„;,ro tlinir

The links b^nt aro carried to the forgo hearth to be welded, and to receive uioi?
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Btay; two • operations porformed at one heating. "WTionever the welding is finished
while the iron is still red hot, the link is placed upright upon the stake i e the
shorter axis vertical and the longer axis of the link horizontal ; then a workman
introduces the stay with a pair of tongs or pincers ; while another workman strikes
down upon it. This mechanical compression first of all joins perfectly the sides of
the link against the concave ends of the stay, and afterwards the retraction of the iron
on cooling increases still more this compression. If each link be made with the same
care, the cable must be sound throughout. It is not delivered for use, however till it
bo proved by the hydraulic press, at a draw-bench made on purpose, and examined
hnk by iink, on the side of the machine, or on a bench erected for the purpose, to
detect any flaw the strain may have caused.
The following Table of compared materials and strains is given as a matter ofhistorical

efcrence. It is believed the dates of the experiments are 1815 and 1816 ; since then,
alterations in the make of iron, and the introduction of new fibres, as well as hemp,
render this Table_ of value, as the materials here employed were, no doubt, good
examples, and subjected to critical attention :—

^"^^^ ofl^o^i Cables as substitutedfor Hemp, with'the Strains applied at that Date.

Iron Cables
Diameter of Iron Eod

Inches

"8

I
1^

!i

Hemp Cables
Cu'cumference of Hope

Inches

9

10

11

12

13

14 to 15
16

17
18
20
22 to 24

Old Proof, by
Mr. Brunton

Tons
12
18

26
32
35
38
44
62
60

70
80

the LZd's TaiWiw.'
^'""^ *° ''^'''"^ ^'^'^^"^ ^^^^^ those indicated intoe 1.10yds Table, drawn up from expenments; but the iron cables of the above sizessupport a double strain without breaking. They ought never! in common cSe^^^however, to be exposed to a greater stress. A cable destined for shipsTa certdntonnage should not be employed in those of greater burden Thus tve^fj\t ZTlalways trusted to do its duty, and will last iSger than the* ship to wSch it SnlIt has often been stated, that chain cables possess double the strSgTh of 4e iron ofwhich they are made, owing to theforms of the links employed fthis however is an

incfc.tTil^breraV3'4C^^^^^^ ''i -'"1° the

lengths of straight iron tons, of two

io|^f^s:^t^stcS:sX - -

nertTeS."iiry ?u't^"t^^ '^^^'A
^^^^ immi-

caught on the norther^Last of S^^^^^^^^
Peninsular war, was

the BayofBisLvSnrtho rocS ^"'^ ^^^^ter into

ncanj Shf̂ Sss'rfiumatet
time but it was found afterwards to have had Jhe linS if iS'. ^'^1?°°'^

"l^bnght by attrition against the rocky bottom A heiaW« ^"'1'°'' ^""^''^'^

worn to pieces in such a predicament. ^ ^'''^^ ^^^^^ ^P^^dily

^,^tish Nay, it is stipu.
smelted from ironstone only, and selected of tt bo L^a^^^^^^^ ^'f

1^°^
not have received in any process whatever subseounn? fS^ u-

P^P°«°' ^nd shall

o 0 2
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been piuldlod in tho best manner upon iron buttons, and at least three times sufficiently

drawn out at throe distinct welding heats, and at least twice properly fagotted.'

Tho following is a Table of tho breaking proof of chain cables, and of the iron for
the purpose of maldng them, and the proofs required by Her Majesty's Navy for
chaifl's :

—

Size of Bolt,' Proof of Bolt Proof of Chain Navy Proof of Chain

Inches Tons cwts. Tons cwts. Tons

i
6

7 8 11

8 7 13 4 6^
12 1 19 6 io|

16 4 26 6 13}
1 21 8 34 5 18

1| 27 2 48 15 22f
l| 33 10 63 11 28i
If 40 10 65 0 34

•••2 48 4 77 0 40

«

If 66 11 90 10

i
65 12 105 0 66i

2
76 6 120 10 63|
85 14 137 0 72

^8 96 15 165 0 81i

In these iron cables, the matter in the link is thrown very much into one plane

;

the link being of an oval form, and provided with a stay. As there are emergencies

in which the cable must be severed, this is accomplished in those of iron by means

of a bolt and sheckle (shackle), which is inserted in the EoyalNavy cable at the end

of every I2i fathoms, and at the end of every 16 fathoms in the merchant service;

so that by striking out this bolt or pin, this cable is parted with more ea,se_than a

hempen one can be cut. And the iron cable can be reconnected when the ship is clear,

while with the hempen cable it would be necessary to cut it with an axe, and thus per-

manently injure the cable. Mr. Lenox's plan for securing these bolts is now made

part of the Government contracts.

AVe have avoided all relating to the general history and application of chain

cables, bttt in connection with the following particulars, obtained from Brown, Lenox,

and Co.'s chain works at Millwall, we must admit the important part performed

by this house in the improvement of this manufacture. The following remarks refer

to chain cables for the Koyal Navy, messenger and mooring chains for the Trinity

Corporation, and ship cables for merchant service, showing the practice in 1858.
_

After selecting the best iron, cutting it off into required lengths, aud heating it as

before described, the links for chain cables may be bended at the rate of about 60

per minute, by machinery at Lenox's works, in "Wales, worked by water-power,—the

welding of the links in all cases being effected by hand labour.

In the practice with the bending machine at Newbridge works, Pont-y-Pnd, Gla;

morganshire, it is as follows :—When the iron is cut to the requisite length for links,

from 20 to 60 pieces, according to size, are put into the furnace, and when heated, are

placed separately on the bending mandrel g (fig. 320) the machine is set m motion,

and one revolution forms a link, which is pinched off the mandrel by a small crowbar,

and another piece of iron applied, and so on, until from 40 to 60 links are formed in

a minute.

The bending machine is connected with a water-wheel, or other power, by an

ordinary coupling clutch, or box, which a lever throws into and out of gear at

ThSe'is a stub or knob of iron on the mandrel underwHch the point of the piece of

iron to bo bent is fixed : the mandrel being oval, or of the inside shape of the mk,

when turned, is followed by the roller above, and this, pressing upon the piece ot iron,

forms it to the shape of the mandrel.
, . vr.- fi,n mllnr for

KBcifig. 320) are standards, d connecting-rod, b crank for lifting, f f the roller lor

,
pressing sides of links, g mandrel, h mandrel spindle, i wheel for mandrel spindle, J

pinion on main spindle, K crank spindle.
i „„„ rrifli f-liA two

The form of the link, after being bonded into shape (fig. 320) is shown with the two

slant-cut surfaces of the ends to be welded together and hammered into lorm.

For short lengths of chain the bending may be effected by hand in °
^"^^

process is simple :-A sufficient length of the best 'ron is cut off and wMo ho^^^^

partially bent by the workman over an iron ring, one end of the bar resung ou

ground i tho bend is finished upon tho anvil ; one entire end of the link is thus lormea.



CABLE 565

The two slanting-eut ends aro mado to approach each other ; heated up to a high tem-
perature, the expert -workman, hj a peculiar blow, detaches the scales of oxide, and

320

instantly presses both surfaces together ; two men then by repeated blows effect the
welding junction, and thus the link is formed.
The shape of the link, after due consideration of the advantages of particular

patterns, seems to resolve itself into the decided preference for a link of parallel sides
unchanged in form from the round of the iron employed, while the ends may be
reduced, somewhat flattened, and increased in breadth. The links thus in contact
have the pressure sustained by a greater breadth of surface, and compression can
scarcely alter the form.

The length of a good link may be of round iron 6 diameters in length of link A a
(Jig. 323), and from b to b 3-7 to 4 diameters of the iron rod employed, and 1-7 to 2
diameters inside.

r j '

The stub, staple, or cross-bit is of cast iron, and is placed across ; its use is to pre-
vent the sides from collapsing by extension of the chain; in fact, to keep up a sue-
cession of joints, and prevent the chain from becoming a rigid bar of metal
The stud or cross-piece shown at c is of cast iron, with dates and marks upon the

surface. It is cast with a hollow bearing, having a curve to receive the round iron of
the link; its shoulders, or feathering, enables the workman to insert it readily, and afew blows upon the yielding iron give the requisite grip; and all proper service only
tends more firmly to keep it in position, very different indeed from the form fia. 312
which would positively injure the link.

^

In all cases this cross-piece has been of cast iron. Wrought iron was tried, butfound
to be too expensive. Malleable iron has been patented, but it is a question whether
It <^n supersede common foundry iron, from the cheapness and facility of the latterThe cables are proved and tested by regulated strains brought to bear continuouslyup to the proof strain, and then even up to the ultimate destruction of some of the
links. It the final strength or opposition to resistance is required to be known. The
proof of cable should be 600 lbs. for each circle of iron |th of an inch in diameter.

Iho Cham is attached at one end hoiizontally to a hydraulic press, the other end tothe enormous heat of a bent iron lever, whose power ismultipHed by second and third
iron levers all working upon kmfe-edges, and to the last lever a scale pan is attached •

1 lb boing here placed is equivalent to a strain of 2,240 lbs. upon the bar or chaiilthat IS being testod. This machine of Brown, Lenox, and Co., MillwaU, is morapowerful than that used m the Eoyal dockyard. The proving machine, indented byCaptain Brown m 1813, was a great step towards the production of confidence
_

in practice, length after length is tried up to the proof required
; when the "tensionIS to be exerted to the uttermost, a few links are taken : in such exierimenS is usualfor one mk alone to give way, and the strength of the cable itself is uS^lSed bvtesting to find its ultimate strength.

umnjurea by
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Perfection of practice is found when the link and the stay yield together ; in the
largest chain cables over produced, such were the duo proportions and symmetry of
form affording equality of resistance, that the cross-piece split or broke at the time the
link fractured and opened.
To measure these chains, or be near them when under such tension, is not without

danger. The cable, on being struck, rings out with strange shrill sound, a link may
suddenly snap, the chain lashes about, and the fragments fly to a great distance, pene-
trating the factory roof at times, and, at the moment of fracture, the link becomes
very hot.

Tho cables are usually told-off into lengths. The Government length is 12J
fathoms ; for the merchant service the length is 15 fathoms ; as explained, these

lengths aro united by shackles. In the merchant service cable', larger links are

placed at each extremity for tho anchor shackle to pass through, but in tho Itoyal

Navy cables, each length is alike provided with large links
;

thus, then, at any time,

any end of any length may bo placed to tho anchor stock. Sqo figs. 321, 322.

321

To obviate evils from tho twisting of the chain cable, swivels are inserted : in the

Government cables, a swivel is inserted in the middle of every other length ; for the

merchant service there does not appear to be any precise rule. Sometimes one, two,

or more swivels may be in 100 fathoms ; and in cheap chains, bought and judged by

weight and figures, no swivel whatever exists in the cable.

The effect of such twisting, or torsion, is to form a link, and give powerful lateral

pressure upon the link ; the stud or cross-j)iece is forced out, and the link itself may

yield at the moment that any flaw from imperfection of welding occurs.

The mooring swivel is that by which a ship can ride with two anchors down at

the same time and two bridles on board the ship. The mooring swivel, being equal

in strength to the two cables, is over the bow, and enables the ship to swivel round

her anchors without fouling hawse ; in any direction the ship can SAving round this

swivel or point, leaving her anchors undisturbed, whereas by two cables out, without

this, she would require great care to prevent them from fouling, and even being lost.

This is an essential advantage of chain over hemp.
, j t

The splicing shackle is to unite or splice a hempen cable to be used on board slup,

attached to the chain cable, which lies on the ground or bottom, so that the vessel

rides lightly at her anchor, while the iron chain cable preserves the hempen cable

from being destroyed by the rocky bottom, and the ship has the light hemp cable

rendered biioyantby the water, which lifts portions of the chain cable by the motions

of tho vessel; and thus, the ship is relieved from weight and the anchor from

'^The splicing shackle, on the Hon. George Elliott's plan, is shown aboveJ^^'. 322).

The ropo is served round an iron thimble A, on tho shackle B. with end links, and en-

larged links without stay-pins c,d, leading to tlao anchor, while the hempen cable A

^°?n\h?Eo'yaf Navy, 4 cables are employed to moor tho ship, two being end to end.

When tho ships lay long on certain shores, tho pin or fastening often gets loose by

consent tappings and^ibrations of the chain cabb .^n the roclr, or shmg^^b^^^^^^^^^^

Men-of-war at some stations suffered severely m this way,
^^^J/^'^

Malta had reason to represent it as a very senous matter, ^r. Lenox s plan tor

securing the bolts and pins is now mado a point of contract to bo adopted m all

a plan, yet it was years ^e^ore »11£—
could be surmounted. This arrangement may bo understood by reference to tho
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figure of a shackle with links, i^fig. 323) : at s is seen the aperture at right angles to

the bolt F, (of oval iron) through this channel, cut through the shackle and the bolt,

a tapering but not quite cylindrical steel ,

pin, fits exactly ; but does not quite pro-

ceed through tho iron ; it is shown at

gg, "Various plans used to be resorted

to before this final preference ; for the

steel pins, of whatever form, got loose

by repeated tapping on the rocky bot-

tom, or the links upon each other.

JVIr. Lenox succeeded in cutting the

cavity at e of the form of a hollow cone,

and to complete the fastening, a pellet

or cylinder of lead that will just allow

insertion at e is driven, and then by
repeated blows the lead is made to fill up
the cavity, the superfluous quantity of lead being cut off by the hammer at b. To re-

lease the bolt it is only necessary to find the small space at the small end of the steel

pin, to insert a punch, and then, with a few blows, the steel pin gg is driven out of

its conical bearing, and its flat top and cutting edges enable it to emerge again at e.

Being forced out, the bolt f is taken out, and the chain severed if required ; the

aperture at e can be cleared of its lead by a proper cutting-out tool, and the steel pin
replaced to make all fast.

This operation can be effected on the darkest night ; the sailor can sever the chain
cable, and thus when one vessel is driving doAra upon another, more chain may be
attached to the cable severed, and no harm done ; while with hempen cable it might
be found more than difficult, and even impossible, to cut them in time.

All the principles involved, and perfection of practice, in making chains and chain
cables, have recently been deeply considered and fully verified by the firm of Brown,
Lenox, and Co., Millwall, who, for the purpose of obtaining comparative results up to
the greatest links required for the ' Leviathan '—now the ' Great Eastern,'—selected
iron of the same identical quality and worked it into rods, links, and chains. The
progression of resistance to increased strains, by increase of mass of iron, with all the
influences of variation of make, flaws in the material, and other circumstances insepar-
able from practice, were thus matters of critical experiment.
Commencing with | inch chain, and trying four links of small chains up to 2|ths, being

the largest diameter of round iron for the greatest cable links ever hitherto made,
being those for the sheet anchor of the ' Leviathan,' taking the breaking strains, and
reducing all the links to the proportion borne upon a circle |tli of an inch in diameter,
the minimum breaking force was 796-25 lbs., and the maximum 1052-8 lbs.

Sometimes the fracture was found to be dependent upon flaws, sometimes from
over heating, or unequal heating, and other practical causes ; but the whole series of
experiments was important and interesting.

The iron lengthens to the intense strains employed, long before fracture. The
comparison of actual extension, while under enormous force at ordinary temperatures
was ascertained by the following impressive experiments :

—

'T'li" ' Leviathan,' second size cable of 2| diameters of iron employed in the links.
Throe links measured 36^ inches by strain of 10 tons (of course it requires power to
extend them fairly).

At 60 tons .... stretched
„ 85 „ .

(Proof)

And broko

110

124
140
150

160

170
180

3- of an inch

16

n

H
H
3a

A few links of tho best bower anchor cable of the ' Leviathan ' taken, proved and
destroyed.

'

Three links measured at 15 tons 39 inches.

At 75 tons

„ 126 ,, .

(Proof) „ 148f „ .

„ 160 „ .

170 „ .

stretched i of an inch.

3>>

It

»

3i
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stretched ^ of an inch.At 180 tons

II 190 . , , ,

..200
Itboro „ 217 II

And broke „ 218 „

Table allowing the Principal JDimensiona of the Common Linlcs, Weights, and Soak of
Proof for Chain Cables to he supplied to Her Majesty's Navy.

Diameter of
Iron of Com-
mon Links

OoMMON Links

Mean Length,
C Diameters of

Iron, not to vary
more than of a

Diameter

Inches

Mean Width of
Links, 3-6 Dia-

meters

Inches
8-1

7-65

7-2

6-75

6-3

6-85

6-4

4-95

4-5

4-05

3-60

3-15

2-7

2-457
2-25

2-025
1-8

1-575

Weight of 100 Fathoms of
Cable in 8 Lengths, in-

cluding 8 joining Shackles
and 4 Swivels, not to be ex-
ceeded by more than

Cwts. qrs. lbs.

243 0 0

216 3 0
192 0 0

168 3 0

147 0 0

126 3 0

108 0 0
90 3 0

75 0 0

60 3 0

48 0 0

36 3 0

27 0 0

22 2 21

18 3 0

15 0 21

12 0 0

9 0 21

Weights by
•which to be

proved equal to
630 lbs. per Cir-

cular J of Inch

As the merchant marine may frequently be called upon for public service, it may be

useful to know the particulars, which are promulgated from Lloyd's. A chain cable

seldom breaks with the duty assigned, if proportioned to the tonnage, if the iron be

Bound and the workmanship good.

In 1871 and 1872 we exported of anchors, grapnels, chains, and cables as follows :—

1871 1872

Tons Value Tons Value

To Eussia . . . • 632 £11|588

„ Sweden 314 5,131 704 £12,828

„ Norway 1,236 19,155 1|271 24,955

„ Denmark 664 7|014

„ Germany 4,627 66,853 2,369 47|285

„ Holland 667 11,220 461 10,109

„ France 285 6,260

„ Spain and the Canaries 242 4,162

„ Italy . . . 2,284 31,239 1,733 32,220

„ Austrian Territories 815 11,488 827 19,807

„ Greece . . . 359 4,658

,, Turkey Proper . _ . 681 8,911

„ United States, Atlantic 3,874 66,970 4,056 98,541

„ „ „ Pacific . 137 2,130 240 6,695

„ Brazil.... 668 9,962 822 15,638

„ British India, Bengali
189 3,163

and Burmah J
14,618

„ Australia 661 11,029 564

,1 British N. America 4,293 59,178 4,189 88,399

„ Other countries . 2,536 39,472 4,300 96,382

Total 24,964 378,573 21,536 462,477
.
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In the same yeara wo ejqiorted of 'cordage, cables, and ropea of hemp or like
material,' to nearly the same countries as above:—In 1871, 131,382 cwts valued at
366,365/. ; and in 1872, 139,083 cwts., valued at 403,1 19/.

It is much to be regretted that wo are unable to separate the anchors from tho
chains and cables.

Weights of Ordinary Anchors, Sizes and Lengths of Chain Cables, and Sizes and
Lengths of Hawsers and Warps, to be recommended when the Surveyors are amlied
to by Ship Builders and Ship Owners.

'The stream cables may be of iron, of proportionate sizes,
bee Cora, Hemp, Wite Eope.

'Pood of^t?et~l\t^^^^^^ ~ ^--(or
Indies, the CaracaL, from BraiTd some ottr mrts of aT" '''^

^^T
oval, large as an olive, obtuse at each euT SirBlffoliit Tt" f^^^

^""^

stitute the Cocoa of the shops but frmn^^flS ^ torrified and bruised they con-

seed-coats, which impart to the preparation ^ f
fragments of the

fuUy prepared seeds are g^oSYnrrS^ W^^" .^'^
cinnamon, it constitutes CHoco™rclS'J^? f '

^^^o^ed with vanilla or

Cacao contains an act^^XcbS ^
-f

^ 'l^^^^l^i^g leverage,

theine and caffeine, the aialS7u terS S^^^^^^ 'V"^
properties to

butter of cacao, is also present in the cocoa-seeds to Vl.^ ^ f j f "'V^
"^^^^^

In 1871 we imported of cocoa-seeds 17 368 ,0? iL ^^fi T'^'f ^^"^^ ^^^S^t.
the husks and shells, 10,633 cwts., XediflfoSO/ n^/^/

^^^""^
=

78,501 lbs., valued at 7,234/. And if 1872 ifo44 l4 Ih^^^^^

aro Mod a. food. So OocA and Coco ' ™^o^^i stoms of wHch

CADMIA. The Cadmia Arahibus of old writers was thn nn«,-„ f™n., th. lari, of tho oldor '^'"^i^ i^'^ZZ^^iZ^l^;^^
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mevS Z^n'l/ ^
^.^-J

^^'""'"^'^S^^i' 56.) A metal discovered hy Stro-

rX/;S/ f ''^ the year 1818. It dorivoB the name Cadmiuk from

S^iZh{d ir'' '^'''^T'f'"'^
'^""^'""^^ "^'^^ ^^'^'"^ ^'^-'^ formerly d ^tingiufahod. It occurs chiefly ;n 8ileKia iu several ores of zinc, and may bo readily

o. Sir \ T.?' f ,^^^^^^^'1^^
'
^°^> the first impression of the redudZ

tLriv^H,^" ?r t°
'^""ti^oing cadmium stain the charcoal all roundthtrn with a roddish-yoUow circle of oxide of cadmium. The Silesian native oxideot zinc contains from 1> to 11 per cent, of cadmium. The only native compound ofcadmium is the sulpliide called Greenockite. See Gheenockite.

Cadmium may bo extracted by dissolving the ores containing it in sulphuric acidleaving the solution acidulous, and diluting it with water, then transmitting throueh
It a stream of sulphuretted hydrogen, till the yellow precipitate ceases to fall Thepowder, which is sulphide of cadmium, is t« bo dissolved in concentrated m"uriatic
acid, the excess of which is to bo expelled by evaporation

; and the salt being dis-
solved in water, carbonate of ammonia is added in excess

; cadmium separates as a
carbonate, while the adhering copper or zinc is retained in solution by the ammonia
iierapath has shown that, m distilling zinc per descensum, the first portions of
gaseous metal which are disengaged burn with a brown flame and deposit the brown
oxide of cadmium. See Zinc.
Cadmium has the colour and lustre of tin, and is susceptible of a fine polish Its

fracture is fibrous
; it crystallises readily in regular octahedrons : and when it sud-

denly solidifies, Its surface gets covered with fine mossy vegetations It is soft easilv
bent, filed, and cut, soils like lead any surface rubbed with it. It is harder and more
tenacious than tin, and emits a creaking sound when bent, like that metal. It is very
ductile, and may bo drawn out in fine wire, and hammered into thin leaves, without
craclang at the edges. Its specific gravity, after being merely melted, is 8-604 and
8-6944 after it has been hammered. It is very fusible, melting at a heat much under
redness

;
indeed, at a temperature little exceeding that of boiling mercury, it boils and

distils over in drops. Its vapours have no smell. It is but slightly altered by expo-
sure to air. When heated in the atmosphere it readily takes fire and burns with a
brownish-yellow smoke, which is destitute of smell. In strong acids it dissolves with
disengagement of hydrogen, and forms colourless solutions. Chromate of potash
causes no precipitate in them, unless zinc or lead be present.

There are two oxides of cadmium: a suboxide Cd^O and a protoxide CdO. The
protoxide is a brown powder obtained by igniting the metal, or by heating its carbonate
or nitrate. It is neither fusible nor volatile at a very high temperature. AVhen in
the state of a hydrate, it is white. This oxide of cadmium consists of 87-45 parts of
metal and 12-55 oxygen, in 100 parts. The other, or suboxide of cadmium, is ob-
tained by heating the oxalate of cadmium to about the melting point of lead. It is

a green powder resembling oxide of chromium.
CADXMtXVM, AIiZiOYS OP. One hundred parts of copper at a red heat

combine yiith. eighty-two parts of cadmium. This alloy is of a yellowish-white colour.
Platinum at a red heat will take up 117 parts of cadmium. This alloy is silver white,
very brittle, and refractory in the fire. "With mercury, cadmium forms a hard, brittle,

white amalgam. These alloys have no commercial value or manufacturing interest.

Some of the alloys of cadmium are remarkable for their fusibility
; thus, an alloy

of 1 part cadmium, 6 parts of lead, and 7 of bismuth melts at 180° F., or considerably
below the temperature of boiling water. Alloys containing cadmium have been used
for stopping teeth.

CADIMCZVM, SA.IiTS OT. Bromide, chloride, iodide, and sulphate of cadmium
have been prepared and examined, but with the exception of the use of the bromide
and iodide in photography, none of these salts are of any importance in the arts.

The sulphate has been applied to the eyes by surgeons to remove specks on the cornea.

—See Watts's ' Dictionary of Chemistry.'

CADMIVIMC VEIiIiOW or CADIMCXUM SVI.PKZBE. The artificial sulphide

of cadmium is prepared by fusing cadmium with sulphur, by igniting cadmic oxide

(protoxide of cadmium) with sulphur, or it is precipitated in yellow flakes, as a

hydrate, when sulphuretted hydrogen or an alkaline hydrosulphate is brought in contact

with a cadmium salt. This forms the pigment cadmium yellow, oijaunc brUlant. The
sulphide occurs native as Greenockite. See Geeenockite.
CAESr STOITE. A variety of Oolitic limestone, which is largely quarried at

Caen in Normandy, and which has been used for a long period in Gothic churches and

other buildings. See Oolitic Limestone.
CJERiriiEirM. A blue pigment, consisting of stannato of protoxide of cobalt,

mixed with stannic acid and sulphate of lime.

CJSSIvnc. {Symbol, Gs. ; Ato7nio wciffht, 133.) One of the new metals discovered

by aid of the spectrum analysis in 1860 by KirchoflF and Bunson. It has not been
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found except in company vnth. Ettbidium. Its name is derived from ctBsius, ' sky-
bluo,' which colour it imparts to flame, and when its radiations are decomposed by a
prism, it gives two blue Lines, one rather faint in the middle of the blue space of tho
ordinary solar spectrum, and the other brighter, situated towards the violet end.

Cffisium was first detected in tho mineral water of Diirkheim, ten kilogrammes
(about two pounds and a quarter) of which contained not quite two milligrammes
(O'Olo grain). It has since been detected in the waters of Kreuznach, and in those
of Baden-Baden, Bourbonne-les-Bains, Haute-Marne ; in the salines of Aussee ; and
in the lepidolite or lithium-mica of Zinnwald, of Eozena, and of Hebron in Maine,
United States. But the most abundant source of caesium . yet discovered is a rare
mineral found in Elba, and known as Pollux; Pisani has found as much as 32 per
cent, of caesium in this mineral.

Pure metalHc caesium has not yet been obtained ; but an amalgam of caesiiun can
be procured by electrolysing a solution of chloride of caesium, using mercury as the
negative pole. Por the salts of caesium, see "Watts's 'Dictionary of Cliemistry.'
CAFFEZSrE. C^ffN^O^ (C^H^N-^o). A weak alkaloid discovered in coflfee. It

is white, crystallisable in silky needles, fusible, volatile, and soluble in water, alcohol,
and ether. It is identical with Theine and with Guamnin.

According to Eobiquet, the proportion of caflfeine in 1,000 of coflfee is as follows :

—

Martinique 6-4, Alexandrian 4-4, Java 4-4, Mocha 4, Cayenne 3-8, St. Domingo 3-2.
It is probable that 0-64 per cent, is an ordinary proportion. According to Liebig, the
proportions are per lb.: Martinique 32 gr., Alexandrian 22, Java 22, Mocha 20,
Cayenne 19, St. Domingo 16. To obtain caffeine, H. J. Versman of Lubeck nuxes
10 lbs. of bruised raw coffee with 2 of lime, made previously into hydrate ; treats tho
mixture in a displacement apparatus with alcohol of 80° till the fluid which passes
through no longer furnishes evidence of the presence of caffeine. The coffee is then
roughly ground and brought nearly to the state of a powder, and the refuse of the
once digested mixture from the displacement apparatus, dried and ground again, and
mixed with hydrate of lime, is once more macerated. The grinding is more easily
effected after the coffee has been subjected to the operation of alcohol, having lost its
horny quality, and the caffeine is thus more certainly extracted. The bright alcoholic
liquid thus obtained is then to be distiUed, and the refuse in the retort to bo washed
with warm water to separate the oil. The fluid is now evaporated into a crystalline
mass, hltered, and expressed. The impure caffeine is freed from oil by pressure
between folds of blotting-paper, purified by solution in water with animal charcoal,
and IS thus obtained m shining white silky crystals. See Theine and GtjaeaninCArPEOBTE. The aromatic principle of coffee is so called. It is a brown oil
heavier than water and slightly soluble in that fluid when boiling. It is prepared by
dastilbng coflfee with water agitating the distiUate with etlier, and evaporating the
other. Considerably less than a grain will flavour a pint or two of waterCAHOW NUTS. The fruits of Attalea funifera, the A. cokune of MartinsIhe tree producing these nuts is a plume-like palm, a native of Honduras. The nutsgrow in clusters like bunches of grapes. An oil is extracted from these nuts by ex-

.
pression equal to that of the cocoa-nut. See Cocoa-Nut

^
1

^^^^'^^^ ?{ame for the American oil-palm, Elceis melanococca. Of

at^lir1^^^^^^^
-^^^ ^'^P-' -P--d oil is much used by

CAZRNGORIVI, or CAIRNGORVM, is the name generally applied to the morepeUucid and paler colom-ed varieties of smoky quartz, ^^th a tint rSmbUng thS ofsherry or amber. It is so called from the district of Cairngorum, or tC' Elue Moun
SaCL'^l'°"'?v''' 1?^°^' T^^^^

these crystals are^requentirfouid me"of a good colour, this ciystal is made into ornaments, and used for iewellery indeed

bracelets^ and a vanety of ornaments, are made with this stone, for use by all classes

wh?pf ^? «^ tree called Melaleuca minZwhich grows upon the moimtains of Amboyna, and in other of the Molucca Islands'I IS procured by distillation of the dried leaves with water, isVremred in^eSquantities m the island of Banda, and sent to Holland in copper flasl^Thence ?s itcomes to us, it has a green colour.- iJr.. M. Guibort appears to have detected co^per in several samples of cajuput oil. Pereira says, 'AH the samples of tho ou"which I have examined, though green, were quite devoid of copper; ' and Mx Brand«

£c7o?;'^''°T. «--Plf,^f-h he has examined ^Le^ontiS;C atrace of copper. It is very limpid, lighter than water, of a strong smell reseSn^
cipher, and pungent taste like cardamoms. In 1831, oil of ,extolled as a remedy for cholera

; and to meet the suddeA and larji SoLZ f.T ^
adulterations and imitations were introduced. One of these consfstedS' T^""^mary, flavoured with cardamoms or oil of cardamoms, and 00^1. ISLlgt



572 CALCAREOUS TUPA

?i^°n'*°T.^?^^
composition of oil of cajuput is, carbon 77'92, hydrogen 11 '69, oxygen

lO'rfa. it 18 usod m medicine as a stimulant. See Oils, Etheeeous.CAKING COAX.. A coal which fuses togetlier when heated. All the cakinc
coals aro bituminous, and usually make good coke. See Coal,

.
sometimes CAI.X.EXar. A miner's term for iron ochre, especially

ju St. Just in Cornwall. The term is sometimes applied to Wolfram.
CAXiABA-TREE, Calophyllum Calaha, so called from the beauty of its leaves.

From the roots of several species an oil is expressed, which is used for burning in lamps]
and from the incised trunk a resin is obtained, which is known in commerce by the
name of Tacamahaca gum. The true calaba tree is a native of the Caribbee Islands •

it grows to the height of sixty feet, and its wood is much valued for staves and for
cask headings.

CADbABAR BEAN. See Ordeal Seax.
CAXiABAR-SXCIN. The skin of the Siberian squirrel is sometimes so called. It

is imported and iised for maldng muffs and trimmings.
CAIiABASHES. The pericarp of the fruit of the Calabash tree, one of the

BignoniacecB
(
Crescentia cujete). It is a native of the tropical regions of America

and produces a melon-like fruit, containing a slightly acid pulp, which is sometimes
eaten. After the removal of the pulp, the pericarp is used for cups, bottles, baskets, &c.
CAXiAXTE. See Tubquois.
CAXiAMAlffCO. A sort of woollen stuff of a shining appearance, chequered in

the warp, so that the checks are seen only upon one side.

CAXiAAXANDER. A wood, the produce of a species of Biospyros, from Ceylon.
See COEOMANDEL.
CAXaAMXITE. Unfortunately, there is some confusion among mineralogists in

the application of this term. It appears that the Lapis calaminaris of the older
writers included two distinct ores of zinc—the carbonate and the hydrous silicate. In
the early part of this century Smithson pointed out the differences between the two
species. Brongniart soon afterwards gave the name of Calamine to the silicate, and
several years later Beudant proposed the term Smithsonite for the carbonate. This
usage of the names is still retained by Dana and by certain Continental writers, but
English mineralogists have been accustomed to reverse this use of the terms. In this

country, therefore, the carbonate of zinc is invariably distinguished as calamine, whilst

the silicate is known as Smithsonite or Electric Calamine. See Zinc.
CAIiAIVXXNE, ElbECTRXC.—Hydrous silicate of zinc, known otherwise as

Smithsonite or Hemimorphite, The term ' electric,' applied to this mineral, refers to

its pyroelectric properties, or its power of exhibiting electric polarity when heated, the

two extremities of a heated crystal assuming opposite electrical conditions.

CAXiAlMEUS (KaKafios, a reed). A genus of plants belonging to the palm tribe.

The C. Eotang and C. Scipionum are mentioned as two species which produce the

Eattan canes of commerce. The Dragon's Blood of commerce is obtained from

the C. Draco, a native of Sumatra and Borneo. See Dhagon's Blood ; Eattan.
CAXiAMUS AROIVIATXCVS. The Acorus, or sweet Flag. The drug sold

under this name in our shops is the produce of the Acorus calamus. The plant is a

native of this country, of various parts of Europe, and of India, The Indian variety

furnishes a famous medicine in the Levant, while the Turks candy it and regard it as

a remedy against contagion. The rushes which were formerly strewn over the floors

of rooms were the leaves of this plant. It has been said that the Acorus calamus is

sometimes employed in rectifying gin. By distillation it yields a volatile oil used

in scenting snuff, and in the production of aromatic vinegar.

CAXiCAITTHUni. See Chalcanthum.
CAIiCAB. A name given by glass-makers to a small furnace—in which the

first calcination is made of sand and potash—for the formation of afrit, from which

glass is made.
CAKCAREOVS EARTH {Terre calcaire, Fr. ;

KalJccrdc, Ger.) commonly

denotes lime, in any form ;
but, properly speaking, it is pure lime. This tern is fre-

quently applied to marl, and to earths containing a considerable quantity of lime.

CA&CARE017S SPAR. Crystallised native carbonate of lime, of which there

are many varieties.

Carbonic acid 44'0, lime 56-0, may be regarded as the usual composition of calc

spar ; it often contains impurities upon which depend the colours assumed by the

crystal. The carbonates of limo are extensively distributed in nature, as marbles,

chalk, &c. See Iceland Spar, Maehle, &c.

CAXiCAREOUS TUTA. This term is applied to varieties of carbonates of hme,

formed by the evaporation of water containing that mineral in solution.

It is formed in fissures and caves in limestone rocks, about the borders of lakes, and

near springs, tho waters of which are impregnated with lime. In the latter cases it is
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frequently deposited upon shells, moss, and other plants, -which it covers with a cal-
careous crust, producing frequently a perfect representation in stone of the substance
so enveloped.—H. W. B.

CAXiCEDOTTY. See Chalcedony. ,

CAXiCEBOirTX. See Chaxcedontx.
CAI.CXM-ATIOM- (from Calcine). The operation of expelling from a substance,

by heat, either water or volatile water combined with it. Thus, the process of burn-
ing lime, to expel the carbonic acid, is one of calcination. The result of exposing the
carbonate of magnesia to heat, and the removal of its carbonic acid, is the production
of calcined magnesia. The term was, by the earlier chemists, applied only when the
substance exposed to heat was reduced to a calx, or to a friable powder, this being
frequently the oxide of a metal. It is now, however, used when any body is subjected
even to a process of roasting.

CAIiCXPH-irsz:. A name given by Brongniart to a compound of granular lime-
stone with garnet or felspar, usually porphyritic.
CAX.CITE. Crystallised carbonate, of lime. See Icelanb Spar,
CAXiCIUM: {Symbol, Ca.; Atomic weight, 20.) The metal contained in the oxide

well known as lime. It was first obtained by Davy, in 1808, by the electrolysis of the
hydrate, carbonate, chloride, or nitrate of lime. Matthiessen obtained it by heating,
in a porcelain crucible, a mixture of two atoms of chloride of calcium with one of chlo-
ride of strontium, and a small quantity of chloride of ammonium, until the latter is
volatilised. The current from six ceUs of Bunsen's battery is then sent through the
mixture by a charcoal pole of as large size as possible, and a piece of iron pianoforte
wire (No. 6), not more than two lines in length, wliich is united with the negative
pole of the battery by means of a stronger line reaching close to the surface. A small
crust is to be formed round the wire at the surface. To collect the smaU globules
deposited on the wire, the latter must be taken out every two or three minutes,
together with the crust. The globules are crushed in a mortar, and the flattened
granules are then picked out. Calcium is a brilliant pale yellow metal, malleable
and ductile. See Limb.

i.P^'i^t'^^',^-'**"?'^^^^
CaCl(CaCl^). A deliquescent salt readily

obtained by dissolving chalk in hydrochloric acid. A saturated solution boils at 355° F ,and IS therefore sometimes employed as a bath where such a temperature is required.
Ihe hydrated chloride,_ obtained by evaporation of the solution, causes great depression
of temperature when dissolved in water; hence its use in certain freezing mixtures.Mercury may be frozen by means of a mixture of crystallised chloride of calcium andsnow. The anhydrous salt obtained by heating the, hydrate, is extremely deliquescent,and IS therefore used as a desiccating agent. After exposure to sunlight, the chloride
appears luminous m the dark, and was formerly caUed Homherg's Phosphorus.

and t^if f O^- Ca_F (Car=). This salt occurs in the bones

«nl^f t •T ^""i- n^^^'^y
sea-water, and in the water of certainsprings. It IS found native as Fluor Spar.

CAI.CZVIVI, OXIDE OP. See Lime.
CAI.CIU1VI, PHOSPHIDE OP. By distilling phosphorus over lime at a lowred heat, an impure phosphide of calcium is obtained. ThL sal , Zen Xown into

S '^T.^'^^T ^^"'^^ spontaneously iJmmaSe ASS
iSiZ/.d ?1 'I'^'l:

by exposure to a moist atmosphere, it also yieldsphosphuretted hydrogen when brought in contact with water, but the eas thus ob-tamed does not igmte spontaneously. ^
CAlcnriMC SUI.PHIDES OP. Several sulphides of calcium are known butare of no importance in the arts. Canton's Phosphorus is an impure sulpS ob-

^Zil"fT^ oyster-shells and heating the product with onT-E of il^weiSot tlowers of sulphur, in a closed crucible.
woj^^ub

r..?rf^^^'^™'^^^'
incrustations of carbonate of Hme upon the ground or thegndulous corneal pieces called stalactites, attached to the roofs of caserns, are so

^^i?.lf^^^'
^p^ystalHsed carbonate of lime or calcite.

T^V^lt ^ fi!

The stony-looking morbid concretion occasionally formed in the

ISZj °' examination befongsT medic^;

f^Z^^™^^^: "^"i
ornamental wood; it is often called aloes wood, and some-times green sandal-wood being of a greenish colour, and slightly scented

DelWo^
a name sometimes given to coromandel wood. SeeOoEoMAK-

^/P"^^^^"^^ (Cfl/awcZrc, Fr.
; Kalender, Ger.), a word derived from t1in ^

rt^r '

'^^'"^"^f > "^"^^ «^ ^ "^^'^hi'^^ ^insisting of tr or Zretli^revolving so nearly in contact with each other, that cloth pasIed Thr^Sttwe^^^^^
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tliem is smoothed, and oven glazed, by their powerful pressure. It is employed either
to finish goods for the market, or to prepare cotton and woollen webs for tlie cfilico

printer, by rendering their surfaces level, compact, and uniform. This condensation
and polish, or satinagc as tlie French call it, differ in degree according to the object
in view, and^ may be arranged in three different series:— 1. For goods which are to
receive the first impression by the block, a very strong pressure is required, for upon
the uniformity of the polish the neatness and the regularity of the printing and the
correspondence of its members depend. 2. The pieces already dyed up at the madder-
bath, or otherwise, and which remain to be filled in with other colours, or grounded
in, as it is technically called, must receive a much less considerable gloss. 3. The
degree of glazing given to finished goods depends upon the taste of purchasers, and
the nature of the article ; but it is, in general, much less than for the first course of

block printing.

The calico printers of Alsace employ an improved form of calender to that usually

employed in this country, which is the contrivance of M. Charles Dollfus. It is

described as possessing the following advantages :— 1. It passes two pieces at once,

and thus does double the work of any ordinary machine. 2. It supersedes the neces-

sity of having a workman to fold up the goods, as they emerge from the calender

with the aid of a self-acting folder. 3. It receives, at pleasure, the finished pieces

upon a roller, instead of laying them in folds ; and, by a very simple arrangement, it

hinders the hands of the workman from being caught by the rollers.

The most remarkable feature of M. DoUfus's machine is its being managed by a

single workman. Six or eight pieces are coiled upon the feed roller, and they are

neither pasted nor stitched together, but the ends are merely overlapped half a yard

or so. The workman is careful not to enter the second piece till one third or one

half of the first one has passed through on the other side, to prevent his being en-

grossed with two ends at a time. He must, no doubt, go sometimes to the one side

and sometimes to the other of the machine to see that no folds or creases occur, and

to be ready for supplying a fresh piece as the preceding one has gone through. The

mechanism of the folder in the Alsace machine is truly ingenious : it perfortus ex-

tremely well, and saves an extra workman. The lapping-roller works by friction,

and does its duty better than similar machines guided by the hand.

The numerous accidents which have happened to the hands of workmen engaged

in calenders should direct the attention towards an effective contrivance for preventing

such misfortunes. These various improvements in the Alsace machine may be easily

adapted to the ordinary calenders of almost every construction.

The folder is a land of cage in the shape of an inverted pyramid, shut on the four

sides, and open at top and bottom : the top orifice is about five inches, the bottom one

an inch and a half: the front and the back, which are about four feet broad, are made

of tin plate or smooth pasteboard, and the two sides are made of strong sheet-iron,

the whole being bolted together by small bars of iron. Upon the sheet-iron of the

sides, iron uprights are fixed, perforated with holes, through which the whole cage is

supported freely by means of studs that enter into them. One of the uprights is

longer than the other, and bears a slot with a small knob, which, by means of the

iron piece, joins the guide to the crank of the cylinder, and thereby communicates to

the cage a see-saw movement : at the bottom extremity of the great upright there is a

piece of iron in the shape of an anchor, which may be raised, or lowered, or made

fast by screws. , ,

At the ends of this anchor are friction rollers, which may be drawn out or pushed

back and fixed by screws : these rollers lift alternately two levers made of wood, and

fixed to a wooden shaft.
i i -i c

The paws are also made of wood : they serve to lay down alternately the piles oi

the cloth which passes upon the cage, and is folded zigzag upon the fioor, or upon a

board set below the cage ; a motion imparted by the see-saw motion of the cage itsell.

To protect the fingers of the workmen, above the small plate of the spreading-boara

•or bar, there is another bar, which forms with the former an angle of about 75 :
they

come sufficiently near together for the opening at the summit of the angle to allow

the clDth to pass through, but not the fingers. See Bulletin de la SociHc IndustneUc

de Mulhausen, No. 18. „ , •, i n „^r^i^-iro^

It is not thought necessary to give a drawing of the calender usually employed

in this country; a few remarks may not, however, be out o^. F"<=^;, /^'/.^
rollers are made hollow for the purpose of admitting cither a hot ^oiier oi iron,

or steam, when hot calendering is required. The other cy inders
««f J^^^^^y

to be made of wood, but it was liable to many defects. The advantage of the paper

roller consists of its being devoid of any tendency to split crack, or ^^P' f ''^

when exposed to a considerable heat from the contact and P^^f"'^f
°*

f
rollers. The paper, moreover, takes a vastly finer polish, and being ot au elasuc
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nature, presses into o^ry pore of the cloth, and smooths its surface more effectuallythan any T^ooden cylinder, however truly turned, could possibly do
eHoctually

The paper cylinder is constructed as follows :—The axis of the cvlindov „ ,
square bar of the best wrought iron, cut to the proper length Up?n tit li/oround plate of cast iron is first put, somewhat less in diameter tSn th cyfS^^finished; a quantity of thick stout pasteboard is then procured and rnV^^tf a
pieces an inch larger in diameter than the iron plate. inhTcentro ofSe SatesZd
tl °^ Pf a square hole must be cut to receive theS '

Tnlthe circle being dmded into six equal parts, a hole must also be cut at each of th«
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table IS mounted with a thick stout cover of level and well-smoothod wood, formingan inclinocl plane; that side where the operator stands at work being the lowest±ao table is generally placed near a wall, both for convenience in suspending the
glazing apparatus, and for the sake of light. A long piece of wood is suspended in a
groove tormeci between two longitudinal beams, placed parallel to the wall, and fixed
CO It. 1 lie groove resembles exactly the aperture between the shears of a common
turning lathe. The lever, of which the groove may be supposed to bo the centre or
lulcrum, IS iaced at the bottom with a semi-cylindrical piece of finely polished flint,
wliicli gives the friction to the cloth stretched upon the table below. Above the
tlint are two cross handles, of which the operator lays hold, and moves them back-
ward and forward with his hands, keeping the flint pressing slightly upon the cloth.
When he has glazed a portion equal to the breadth of the flint, ho moves his lover
between the shears sidewise, and glazes a fresh part : thus he proceeds from one side
or selvage of the cloth to the other ; and when all which is upon the table is sufficiently
glazed, he draws it over, and exposes a new portion to the same operation. To pre-
serve the cloth at a proper tension, it may be wound smoothly upon a roller or beam,
which being set so as to revolve upon its own axis behind the table, another roller to
receive the cloth may be placed before, both being secured by a catch, acting in a
ratchet wheel. Of late years, however, a great part of the labour employed in glazing
cloth has been saved, as the common four or five bowl calender has been altered to
fit the purpose by direct pressure.

As a matter of accommodation, the different processes of packing, cording of boxes,
sheeting of trunks, and, in general, all the arrangements preparatory to shipment, and
also the intimations, and surveys necessary for obtaining drawbacks, debentures, or
bounties, according to the Excise laws, are generally conducted at the calender houses
where goods are finished.

CAIiESON-ITX: {from Caledonia). A cupreous sulphato-carbonate of lead found in
minute bluish-green crystals associated with other ores of lead at the Lead Hills
mines in Lanarkshire. This mineral has also been found in Cumberland, at Tanne
in the Hartz, at the Mine la Motte, Missouri.
CAXiIBRE {Calibre, Pr. ; Calibre, It.) The bore or diameter of a gun, or the dia-

meter of a bullet ; it is measured in inches, and in smooth-bore guns is larger than
the diameter of the ball.

CAIiICO (from_ Calicut, in India). A term for any white cotton cloth, which was
first manufactured in, and introduced from, India. In this country we have shirting
calicoes, unbleached calicoes, and the like. In the United States the term is re-

stricted to cotton cloths having patterns printed upon them.
CAlilCO-PKlNTMiTG is the art of producing a pattern on cotton cloth, by printing

in colours, or mordants, which become colours, when subsequently dyed. Calico

derives its name from Calicut, a town in India, formerly celebrated for its manufactures
of cotton cloth, and where calico was also extensively printed. Other fabrics than
cotton are now printed by similar means, viz. linen, silk, wool, and mixtures of wool
and cotton. Linen was formerly the principal fabric printed, but since modern
improvements have produced cotton cloth at a comparatively cheap rate, linen fabrics

are now sparingly used for printing, and then principally for handkerchiefs, Unen
cloth not producing such beautiful colours, in consequence of the small affinity of fiax

for mordants, or colouring matters. Silk printing, also, is chiefly confined to hand-

kerchiefs, but the printing of woollen fabrics or mousseline-de-laines is an important

branch of the art. The earliest mode of ornamenting cloth with designs was, no

doubt, by embroidery with the needle, and this mode was almost coeval with the art

of dyeing, which is of very remote antiquity. Herodotus mentions that Amasis, king

of the Egyptians, sent to the Lacedaemonians a pectoral of linen, adorned with many
figures of animals, woven into the cloth, and enriched with gold and a variety of

colours. A similar pectoral was taken among the spoils at the battle of Issus, and

presented to Alexander the Great, who wore it afterwards as part of his military

attire. Cloth was, however, stained in a rude manner by ancient tribes with

juices of plants. Herodotus mentions a Scythian tribe who stained their garments

with figures of animals by means of the leaves of a tree bruised with water, which

figures would not wash out, and lasted as long as the cloth. It is an interesting

speculation as to what this dye was. The garments so stained were probably woollen,

as in early times the outer garments were always woollen, and the particular dye

might have been indigo in a soluble state, as produced by fermenting the leaves with

water
; according to Sir William Jones, the leaves of the shrub henna, when bruised

in water, stain the skin or nails orange, and would doubtless do the same on woollen

cloth. The first record of calico-printing as an art is that of Pliny, who describes

the process followed by the Egyptians, who seemed to have attained a very considerable

degree of refinement in the art. • Eobes and white veils.' says he, ' aie painted in
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E?vT3t in a wonderful way. Thoy aro first imbuod, not with dyes but with dye-

Sbine drugs, by which, though thoy seem to be unaltered, yet, when immersed

for a litle while in a cauldron of the boiUng dye-liquor, they are found to become

naintei Yet as there is only one colour in the cauldron, it is marvellous to see many

colours imparted to the robe, in consequence of the influence of the cxcipiont drug,

Nor can thV dye be washed out. A cauldron, which would of itself merely confuse

the colours of cloths previously dyed, is thus made to impart several pigments from

a sin<rle dye-stuff, pamting as it bails.' The last expression, pingitquc dum coqmt, is

perfectly graphic and descriptive of some processes in calico-pnnting.
_

Calico-printing is of very ancient date in India, and probably this country is the

birthplace of the art, since, beyond doubt, cotton cloth originated in India, and the

abundance of dye-stufls, and the faciUty with which cotton receives dyes, rendered the

staining it with figures a natural consequence, and there is good reason to suppose

that the Egyptians learnt the art from India, since the Indians were highly civihsed

twenty-two centuries ago; and there was undoubtedly communication between India

and Egypt before the time of Pliny. There is an account of Indian cabco-pnnting by

Father Ccsurdoux, a missionary at Pondicherry, and in a manuscript account sent

from thence by M. du Fay, and communicated to the Eoyal Academy of bciences at

Paris by the AhU Mazeas, also from the report by M. Beaulieu, of operations per-

formed under his inspection at Pondicherry.

—

Bancroft.

These accounts describe the mode of producing the chintz calicoes, which were

celebrated in Europe before the art had been introduced and simplified there. From

these accounts of the cumbrous and tedious processes adopted by the natives, we have

no difiaculty in understanding the necessity that arose for the intervention of European

skill and science, and can readily comprehend how it is that the European printer,

to say nothing of superior artistic excellence, can compete successfully in India with

the proverbially low-priced labour of Hindostan. After the cloths were partially

bleached, they underwent several alternate steeps in goats'-dung, beating, washing, and

drying in the sun ;
they were then soaked in an astringent solution obtained from

myrabolams, mixed with bufialoes' milk ;
squeezed out of this, they were dried in the

sun, and, by pressure with wooden rollers, made smooth enough to have a pattern

drawn on them with a pencil, applying various mordants : the general course was to

paint on a mordant of iron liquor, similar in constitution to that at present used in

calico-printing. This formed a black with the tannin substance previously applied.

The next step was to give the blue, and for this purpose the cloth required to be

freed from the astringents by maceration in goats'-dung, well washing and drying in

the sun ; the parts intended to be white were then protected by a coat of melted wax

;

the cloth was then dipped in an indigo vat : when dyed, the wax had to be thoroughly

removed by boiling in water, steeping in dung, washing with a sort of impure soda,

renewed steeping in dung, washing and drying in the sun ; after this the cloth was
treated, as before, with the astringent milk mixture, dried and smoothed. It was then

ready to receive the red and chocolate mordants, the red being simply alum mixed

with a little soda to render it basic, and the chocolate, this red mixed with the iron

mordant
;
(the use of acetate of alumina not being known, the albumen of the milk

and the tannin combined with and fixed the alumina on the cloth). After careful sun-

drying, the cloth was well steeped and rinsed in water to remove the excess of

mordants, &c., and then dyed with madder or chaya root. After this they were washed
with dung and soap, exposed to the sun, and watered occasionally till the white parts

were bleached. Yellow, made from alum and myrabolams was now pencilledvin, and
green formed by the yellow going over the blue. This process gave cliintzes, the

colours of which were generally very bright and lively, and most of them exceedingly

durable. M. Koechlin Eoder, of Mulhouse, brought home from India a rich col-

lection of cloths in every state of preparation, which are in the cabinet of the

SociitS Industrielle of that interesting emporium of calico-printing. The native

implements for applying the wax and colouring bases are placed alongside of

the cloths, and form a curious picture of primeval art. There is among other

samples an ancient pallampoor, five French yards long and two and a half broad,

said to be the labour of Hindoo princesses, which must have taken a lifetime to

execute.

Calico-printing was not, however, in all oriental countries executed with the pencil.

The shawl-printers of Cashmere use small wooden blocks for their complicated
patterns. Mr. Buckingham states, that at Orfah, in Mesopotamia, tlie printers employ
wooden blocks of 4 to 6 inches square, and use them nearly in the same manner
as the block-printers in this country ; and it is well known that the Chinese employed
block-printing long before any species of printing was known in this country.

Calico-printing has been for several hundred years practised by the oriental
methods in Asia Minor and the Levant ; but it was unknown as an English art till

Vol. I. PP
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about tho closo of tho sovontoonth century. It is believed that the first attempts at
imitating the printed calicoes of India wore made in Holland, the Dutch East India
Company having introduced tho Indian chintzes there before their introduction into this
country. It is uncertain whore or when these first attempts wore made ; but it

appears the art soou spread to Ciorniany, for about tho close of the seventeenth century
Augsburg had obtained a notoriety for printed linens and cottons. The art was most
probably ii-rtroduced into England about 1676, by Flemish emigrants. Mr, James
Thompson, of Clitheroe, one of tho most eminent English calico-printers, fixed the
date at 1690, and supposed that a Frenchman, a refugee, at the time of the revocation
of the edict of Nantes, was the first to print calicoes in this country, and that his
works were at Eichmond on the Thames ; but there is evidence to sliow that prior to
this date, calicoes were printed in this country, for Sir Joshua Child, a distinguished
director of tho East India Company, in a pamphlet published in 1677, mentions that
cjilicoes were then brought over from India to be printed in this country, in imitation
of the Indian printed chintzes. It appears, from a petition addressed to the House of
Commons by tlio East India Company in 1627, that Indian calicoes were at that time
imported, and in 1631, in a catalogue of legal imports from India, painted calicoes

are mentioned as to bo allowed. In 1634, apparently, attempts were made to ornament
fabrics with coloured patterns by mechanical means, for in that year Charles II.

granted an exclusive patent for fourteen years, for the art or mystery of affixing

wool, silk, and other materials of divers colours upon linen, silk, or cotton cloth,

leather, and other substances, by means of oil, size, or other cements, to make theni

useful for hangings, &c., the patentee paying 10^. yearly to the Exchequer. Calico-

printing was commenced in 1689, at NeufchJtel, by Jaques Deluze, a native of Sain-

tonge, and this establishment rapidly became prosperous, and in time the parent of

numerous offshoots in Germany, Portugal, and France.

Some time after the Eichmond establishment, a considerable printing work was
established at Bromley Hall, in Essex, and several others sprung up successively in

Surrey, to supply the London shops with chintzes, their import from India having been

prohibited in 1700 by Parliament. The ai-t in its infancy had to struggle with many
difficulties ; an excise tax on aU printed or dyed calicoes of Zd. per square yard was
enacted in 1702, and which was increased to 6d. per square yard in 1714, only half

these duties being laid on printed linens.

The silk and woollen weavers had all along manifested the greatest hostility to the

use of printed calicoes, whether brought from the East or made at home. In the

year 1680 they mobbed the India House in revenge for some large importations then

made of the chintzes of Malabar. They next induced the Government, by incessant

clamours, to exclude altogether the beautiful robes of Calicut from the British market..

But the printed goods imported by the English and Dutch East India Companies

found their way into this country, in spite of the excessive penalties annexed to

smuggling, and raised a new alarm among the manufacturing population of Spital-

fields. The sapient legislators of that day, intimidated as would appear, by the East

London mobs, enacted in 1720 an absurd sumptuary law, prohibiting the wearing of

cdi printed calicoes whatsoever, either of foreign or domestic origin. This disgraceful

enactment, worthy of the meridian of Cairo or Algiers, proved not only a death-blow

to rising industry in this ingenious department of the arts, but prevented the British

ladies from attiring themselves in the becoming drapery of Hindostan.

The effect of this law,' says Mr. Edmund Potter, in his lecture on Calico-

Printing, before the Society of Arts, as reporter on printed fabrics in the Exhibition

of 1851, 'was to put an end to the printing of calicoes in England, and to confine

the printers to the printing of linens. In 1736, so much of this _Act was repealed

as forbade the use or wear of printed goods of a mixed kind, containing cotton ;
and

these fabrics were allowed to be printed, weighted with a duty of 6^. per square

yard. In 1750, the entire production of Great Britain was estimated at 50,000 pieces

per annum. In 1764, printers established themselves in Lancashire, tempted, doubt-

less, by the cheapness of fuel, and by this being the locality in which the cloth was

manufactured. In 1774, the printer was released from his fetters with regard to the

kind of cloth ho must use, by the repeal of this law, so as to leave him the choice of

his material ; but he was still saddled with a duty of U. per square yard, to which a

halfpenny was added in 1806. On the accession of Lord Grey's government to ofiice

it was one of their first acts to repeal this duty. Thus, after a period of about 140

years from its first introduction, the print trade was allowed to enter into competition

with other kindred fabrics on a fair footing.' .

France pursued for some time a similar false policy with regard to calico-printing,

but she emerged sooner from tho mists of manufacturing monopoly than iingiand.

Her avowed motive was to cherish tho manufacture of flax, a native product, instofid

of that of cotton, a raw material, for which prejudice urged that money had to bo
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exported. Her intelligent statesmen of that day replied, that the money expended

in the pnrchaso of cotton was tlio product of Proneh induslry heneficially employed,

and they therefore took immediate measures to put the cotton fabrics upon a
footing of equality. Meanwhile the popular prejudices became irritated to such

a degree, by the project of permitting the free manufacture and sale of printed

cottons, that every French town possessed of a chamber of commerce made the

strongest remonstrances against it. The Eouen deputies declared to the Government,
' that the intended measure would throw its inhabitants into despair, and make a
desert of the surrounding eoimtry

'
; those of Lyons said, ' the news had spread

terror through all its workshops
:

' Tours 'foresaw a commotion likely to convulse

the body of the State :
' Amiens said, ' that the new law would be the grave of the

manufacturing industry of France ;

' and Paris declared that ' her merchants came
forward to bathe the throne with their tears upon that inauspicious occasion.'

The Government persisted in carrying its truly enlightened principles into effect,

and with manifest advantage to the nation, for the despair of these manufacturing
towns has been replaced by the most signal prosperity.

France probably produces at the present time nearly 5,000,000 pieces of print per
annum, which, considering the quality of many of them, may be considered a very
important manufacture.

The great disadvantage under which the French printers labour is the higher price

they pay for cotton fabrics and fuel above that paid by the English printers.

The repeal, in 1831, of the consolidated duty of 3^d. per square yard upon printed
calicoes in Great Britain is one of the most judicious acts of modern legislation. By
the improvements in calico-printing, due to the modern discoveries and inventions in
chemistry and mechanics, the trade had become so vast as to yield in 1830 a revenue
of 2,280,000Z. levied upon 8,596,000 of pieces, of which, however, about three-fourths
were exported, with a drawback of l,579i000Z. 2,281,512 pieces were consumed in
that year at home. When the expenses of collection were deducted, only 350,000Z.
found their way into the Exchequer, for which pitiful sum thousands of frauds and
obstructions were committed against the honest manufacturer. This reduction of
duty enables the consumer to get this extensive article of clothing from 50 to 80 per
cent, cheaper than before, and thus places a becoming dress within the reach of
thousands of females in the humbler ranks of life. Printed goods, which in 1795
were sold for 2s. 3d. the yard, may be bought at present for 6d. The repeal of
the tax has been no less beneficial to the fair dealers, by putting an end to the
contraband trade, formerly pursued to an extent equally injurious to them and
the revenue. It has, moreover, emancipated a manufacture eminently dependent
upon taste, science, and dexterity from the venal curiosity of petty excisemen, by
whom private improvements, of great value to the inventor, were in perpetual
jeopardy of being pirated and sold to any sordid rival. The manufacturer has now
becomo_ a free agent, a master of his time, his workmen and his apparatus ; and
can print at^ whatever hour he may receive an order ; whereas he was formerly
obliged to wait the convenience of the excise officer, whose province it was to measure
and stamp the cloth before it could be packed—an operation fraught with no little
annoyance and delay. Under the patronage of Parliament, it was easy for needy
adventurers to buy printed calicoes, because they could raise such a sum by drawbacks
upon the export of one lot as would go far to pay for another, and thus carry on a
fraudulent system of credit, which sooner or later merged into a disastrous bankruptcy.
Meanwhile the goods thus obtained were pushed off to some foreign markets, for
which they were, possibly not suited, or where they produced, by their forced sales,
a depreciation of all similar merchandise, ruinous to the man who meant to pay for
his wares.

Calico-printing was first practised in Scotland in 1738, twenty-six years previous
to its introduction into Lancashire. The following sketch of the early Lancashire
printing is taken from Mr. Potter's pamphlet :—' The trade was established in
Lancashire in 1764, by Messrs. Clayton, of Bamber Bridge, near Preston ; the cloth
that was printed being made with linen warp and cotton weft, and produced princi-
pally at Blackbran ; this was the reason of many printers settling near Blackburn
which was for a long time the great seat of the print trade. The introduction
of power-loom cloth caused the migration of a considerable print trade to Stock-
port, Hyde, Staleybridge, and North Derbyshire. The Claytons were followed
by Mr. Eobert Peel, who entered into the cotton business, and added to it the
printing business. He carried on the business for some years at Brookside near
Blackburn, aided by his sons. The eldest son afterwards branched off from his
father's concejn, and established himself at Bury with his uncle, Mr. Haworth andMr. William Yates.

'

'Ihiring the period 1796 to 1821, the Forts, Hargreaves, and Thompsons fairly
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estobhshod tliomsolves as oxtensivo and wealthy printers, not more by their energy
and business talent than by their Bciontific attainments, and by the unbounded and
lavish support which they gave to everything which art and science could suggest
to assist them. Mr. Jamos Thompson of Primrose, near Clitheroe, was for forty
years the recognised head of the print trade. The era of his commencement in the
trade was the beginning of a series of discoveries and now applications in chemical
science to the purposes of caUco-printing. During forty years he devoted himself
and the ample hinds his business placed at his disposal to the advancement of taste
in connection with his trade. No sums, however large, were spared to draw into its
sei-vico the t^ilent even of Eoyal Academicians, and of many other eminent men high in
art.' Mr. John Mercer, of the house of Fort Brothers, and a contemporary of Mr.
Thompson, for a long period worked enthusiastically and rendered valuable assistance
to the trade by the introduction of chemical novelties ; and many styles founded by
him are still popular. The house of Hargreaves Brothers and Co., during the same
period, took a prominent position in the production of new and original colours and
styles.

In France M. Koechlin was looked up to as the leader of the trade, and was mainly
instrumental in establishing sound scientific principles in.the art. 'During the pro-
gressive improvement, dating from 1831, one house may be named, of high standing,
who introduced a colour superior in brilliancy, fastness, and utility for domestic wear,
to any other joroviously known. This was the madder purple of Messrs. Thomas
Hoyle and Sons, a colour which may be said to have superseded the old Navy blue print
in English wear. Messrs. Hoyle and Sons maintained their well-deserved superiority
for many years. The London printers, up to the repeal of the duty, still held their
position for first-class goods. They made great use of the flat press printing-machine.
Their plates were well engraved, and for a long time they succeeded in getting a
smartness of impression, better than any at that time obtained from the cylinder.
Some few of the Lancashire printers adopted the press, the better to compete with the
town printer. The rapidly increasing trade in Lancashire, and with it the power of
so much cheaper production, gradually undermined the London printers, and brought
about a complete change in their class of work.'—The London printers now print
fine shawls, handkerchiefs, waistcoatings, and a suj)erior class of cotton prints for fur-

niture hangings. The present annual production of printed cloth of all kinds in

Great Britain may be estimated at about 20,000,000 pieces. In 1840 the quantity
produced was about 16,000,000. The quantity now, probably, rather exceeds

20,000,000 of pieces
; but, from the absence of any very authentic statistics, the

quantity is very diflftcult to arrive at. The print trade, according to Mr. Bazley,

consumes a weight of cotton about one-seventh the entire import into this country.

Owing to her natural advantages, England has by far the largest portion of the

calico-printing trade, and especially of the exjiort trade ; and probably at the present

time England produces as many printed pieces as all the rest of the world put
together. The United States produces next to ourselves in quantity; France and
Switzerland the next to America in quantity, but far superior to her in quality, and
second only to ourselves in value of production. France is the only competitor

we have to meet in the neutral markets of the world. The ZoUverein, Austria,

and Bohemia produce for their own markets, and by high protecting duties prevent

any other supply, except of very fine French goods. Holland produces a small

quantity of medium goods; Belgium also produces a few; Naples has a few
small print works ; Eussia produces for her own market, and the number of

works has rapidly increased of late— her market is almost prohibited to us;

Spain produces a limited quantity of inferior goods
;

Portugal has a slight pro-

duction
;
Turkey produces a few printed goods, hardly worth notice ; the Sultan

Abdul Medjid has tried the experiment of organising print works on the English

principle, with English artisans and foremen, but the experiment was a complete

failure
;
Egypt also has revived the art, with very inferior results. The Chinese un-

doubtedly practised the art of calico-printing many centuries before ourselves. Mr.

Potter was able to exhibit samples of Chinese work to the Society of Arts, which he

described as of very primitive taste and rude execution. 'Midhausen, it may not be

uninteresting to mention,' says Mr. Potter, ' is certainly the seat of the finest printing

in the world. Calico-printing was first established there in 174:6,_by the firm of

Koechlin and Co., and is still carried on by descendants of the original firm ; and

during the whole period, and not less so now, the house has had a high and justly

deserved reputation for talent and taste ; and to them the chemistry of the trade is

most deeply indebted for many valuable processes and discoveries. Other houses^ of

almost equal celebrity followed, and Mulhausen has, justly maintained its reputation

of being, for fine goods, the first calico-printing district in the world.'

The fifst step in calico-printing is to remove the fibrous dpwu from the surface of
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the cloth, *li is dono by passing the piece rapi^y through a flame of gas, or oyer

a red hot semi-circular plate. The latter method wiU bo found described under the

There are two methods in use of singeing with flame
:
one invented by Henry

Glodhill in which coke is burnt in a furnace provided with a cast-iron plate for a top,

in which is left an aperture about 42 inches long and ^gths of an inch wide at the out-

side but which IS 3ths of an inch on the inside. The coke rests upon fire-bars in the

iisual manner, being fed from a close-fitting fire-door. The ash-pit, instead of being

open as usual, is also provided with a closely-fitting door; a pipe from the blast fan

is introduced into the side of the ash-pit. . A fire being lighted, the furnace is filled

with coke, and the fan being started, both the fire-door and the ash-pit door are

closed and luted with clay; the fiame now rises through the rectangular aperture to

a height of about two feet, a hopper over the apparatus conducts the products of

combustion into a chimney or fine, connected with the main chimney of the factory.

The grey pieces are now passed rapidly over the flame, about 8 inches above the iron

plate! being unwound from a roller, and after passing through a trough of water,

being rewound on another roUer. The flame is depressed by the cloth, and extends

about a foot in length. The effect of this singeing is to thoroughly remove all the

324

fibrous down on one side of the cloth without weakening it or making it appear thin^

In some print works this singeing machine is supplemented by the copper semi-

circular hot plate (Bleaching, 109), which is arranged to receive the cloth on

coming from the coke-gas fiame. Singeing by coal-gas is a very cleanly and

economical mode, but after its introduction it fell partly out of use on account of the'

thinning of the cloth by the gas fiame being drawn through it. The gas singeing

machine patented by Mather and Piatt, overcomes this defect. The fiame impinges

against the surface of the cloth, which is thoroughly cleansed without being im-

poverished, and the gas is so perfectly consumed that there are no stains from im-

perfect combustion. There is also a considerable saving both of gas and time as

compared with the old method; Fig. 324 is a vertical section of this machine. A,

framing of the machine ; b, binding rollers on rails
; c, rollers where the flame im-

pinges on the cloth ; these are moveable to make a wide or narrow opening for the
flame, for a mild or keen singe ; D, arms and levers for supporting the burners, &c.
across the machine, and bringing or taking away the fiame from its work

; e, gas-
burners and flame ; r, drawing drum and pressing rollers

; g, water-box and rollers for
killing sparks

; h, plaitcr ;
i, tubes for taking away the dust, heat, &c,, drawn through
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by the exhaust fan, which also causes a porfoct combustion of gas, and produces
perfectly clear flame. In the top of each tube is fitted a steel doctor or scraper k for

delivery pipe of ian^ o, cloth being singed.

.

Tho bleaching requisite for printing cloths is of much superior nature to that suffi-
cient for cahco jntendod to bo sold in the ivhito state. It is sufficient for the latter to
bo whito enough to please the eye : a result easily obttiinod by chlorine treatment after
a comparatively mild alkaline boiling ; but the former must bo so well boiled with
lime and alkali, as to remove every particle of resinous and glutinous matter previous
to the chlorine steep. This, if not attended to, becomes a source of great annoyance to
tile printer in his subsequent operations, from the difficulty of obtaining sufficiently
good whites without injuring the colours. The high pressure kiers patented by
liarlow, and which are fully described in the article Bleaching, have been found to
facilitate tho thorough scouring of the cloth very much at a less cost than the old
kiers.

The pieces, on leaving tho bleach-house drying machine are taken to the ' white
room,' a large room for storing the bleached goods, where they are unstitched, folded,
sorted into the different qualities in use, and distributed to the proper compartments
of the room, whence they are withdrawn as wanted for printing.

Till about the year 1760, tho printing of linens or calicoes was done by hand,
wooden blocks being employed, on which the pattern is raised in relief. About this
time a modification of the press used for printing engravings was adapted to printing
with flat engraved copper plates on fabrics. This press was used to produce certain
styles only, generally single colours, where delicacy of outline was required, shaded or
stippled work being also introduced. The printing by blocks in several colours was
the principal mode still, till in 1785 the cylinder printing-machine was invented by a
Scotchman named Bell, and brought into successful use at Mossely, near Preston, by
the house of Livesey, Hargreaves, and Co. The house of Oberkampf, of Jouy, in France,
almost immediately adopted the invention, and have been frequently considered, in
France at least, the originators of the machine ; but it is now pretty certain that the
honour of the invention is due to Great Britain. The introduction of the cylinder
machine gradually caused the disuse of the flat press, the London printers continuing
to use them long after the Lancashire printers had given them up ; the first cylinder
machine was used in London in 1812. Blocks are still freely used for some descrip-
tion of prints, such as woollen or mousseline-de-laine goods, and also for introducing
colours after printing by the cylinder and dyeing, &c.—the cylinder not being capable
of fitting in colours, after the piece has once left the machine. A blocking-machine,
called the Perrotine, was introduced in France in 1834 by M. Perrot, and is still ex-

tensively used there, but though tried in this country, it never came into general use.

It executes as much work as twenty hand printers, and for the special purposes for which
it was invented is a satisfactory machine ; the patterns capable of being printed by it

are, however, limited in size, in consequence of the narrow width of the blocks. Surface

printing, or printing from cylinders engraved in relief, was an invention preceding by
a few years the engraved copper cylinder, but apparently not in general use. In 1800,

a Frenchman, named Ebingar, patented somewhat the same sort of thing, and in 1805,

James Burton, of the house of Peel, at Church, invented the mule machine, which
worked with one or two engraved copper cylinders, and one or two wooden rollers

engraved in relief. This machine is very little used now, the impression produced by
it not having the precision of that from copper rollers, and improvements in engraving

copper rollers having given the printer many of the advantages possessed by the sur-

face roller. Quite lately, however, Mr. James Chadwick has patented a species of

surface roller which promises to become useful. The ordinary stereotyped patterns

described hereafter are adapted by screws to a brass or other metal roller, which in

then fitted on the mandrel used with the ordinary engraved rollers, and a firmness and

solidity thus given which was never possessed by the wooden surface roller.

Printing by block is thus performed :—The hand blocks are made of sycamore or

pear-tree wood, or of deal faced vrith these woods, and are from 2 to 3 inches

thick, 9 or 10 inches long, and 5 broad, vnth a strong box handle ou tlie back

for seizing them by. The face of the block is either carved in relief into the desired

design, like an ordinary wood-cut, or the figure is formed by the insertion edge^^so

into the wood of narrow slips of flattened copper wire. These tiny fiLllets, being illed

level on the one edge, are cut or bent into the proper snape, and forced into the wood

by the taps of a hammer at the traced lines of the configuration. Their upper

surfaces are now filed flat, and polished into one horizontal plane, for the sake of

equality of impression. As the slips are of equal thickness in their whole depth,

from having been made by running the wire through between the steel cylinders of a

flatting mill, the lines of the figure, however much they get worn by use, are always
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equally broad as at first ; an advantage -which does not belong to -wood-cutting. The

interstices bet-ween the ridges thus formed are filled up -with felt-stufF. Sometimes a

delicate part of the design is made by the -wood-cutter, and the rest by the insertion of

copper sUps.

The colouring matter or mordant, properly thickened, is spread -with a flat brush,

by a cluld, upon fine -woollen cloth, stretched in a frame over the -waxcloth head of a

wooden drum or sieve, -which floats inserted in a tubful of old paste, to give it elastic

buoyancy. The inverted sieve drum should flt the paste-tub pretty closely. The

printer presses the face of the block on the drum-head, so as to take up the requisite

quantity of colour, applies it to the surface of the calico, extended upon a flat table

covered -with a blanket, and then strikes the back of the block with a -wooden mallet,

in order to transfer the impression fully to the cloth. This is a delicate operation,

requiring equal dexterity and diligence. To print a piece of cloth 28 yards long

and 30 inches broad, no less than 672 applications of a block, 9 inches long and 5

inches broad, are requisite for each colour ; so that if there are 3 coloiirs, no less

than 2016 applications -will be necessary. The blocks have pin-points fixed into their

corners, by means of which they are adjusted to their positions upon the cloth, so as to

join the different parts of the design -with precision. Each printer has a colour-tub

placed -within reach of his right hand ; and for every different colour he must have a

separate sieve. Many maniifacturers cause their blocks to be made of three layers of

wood, two of them being deal, -with the grain crossed to prevent warping, and the third

sycamore, for engra-vdng.

The printing shop is an oblong compartment, lighted -with niunerous -windows at each

side, and having a solid table opposite to each -window. The table b {fig. 325) is

325
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formed of a strong smooth flag, -with a surface truly plane. Its length is about 6 feet,

its breadth 2 feet, and its thickness 3, 4 or 6 inches. It stands on strong feet, -with its

top about 36 inches above the floor. At one of its ends there are two brackets c for

supporting the axles of the roller e, "srhich carries the white calico to be printed.

The table is covered -with blanket stretched tightly across and hooked at the side.

The hanging rollers e are laid across joists fixed near the roof of the apartment above
the printing shop, the ceiling and floor between them being open bar work, at least in
the middle of the room. Their use is to facilitate the exposure, and, consequently, the
drying of the printed pieces, and to prevent one figure being daubed by another.
Should they come to bo all filled, the remainder of the goods must be folded lightly

upon the stool d.

The printer stretches a length of the piece upon his table a b, taking care to place
the selvage towards himself, and one inch from the edge. He presents the block
towards the end to determine the -width of its impression, and marks this line a b, by
means of his square and tracing point. The spreader or teerer now besmears the cloth
-with the colour, at the commencement, upon both sides of the sieve head

; because, if
not uniformly applied, the block -will take it up unequally. The printer seizes the
block in his right hand, and dips it twice in different directions upon the sieve
cloth, then he transfers it to the calico in the line A B, as indicated by the four points
abed, corresponding to the four pins in the corners of the block. Ha-dng done so,
he takes another dip of the colour, and makes the points a b fall on c d, bo as to have
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fy\t aronte'dlS"' ^' wT""^ " ^'
'
^"<i««o°' through therest, as denoted

sUslo'Zltl ntTngth L'i^;^^^^^^^^
''''''''

Thrbl(?kT?ii?lV°'.? •

^°-°°tering (rcniraffe), of the other cqIouts is the next process.

th7v3tnTf • "^1 furnished with pin-pointfi, so adjusted that, when

corTeoT
^th the pin-points of the former block, the design vnll be

or ofhp; fil,
'^'^^ ^° '^PPl5°'l 5n its <5ue place upon the flower

bo mJ.3 H '^"^^''^^ to touch the wliito cloth, but sliouldDo mdclo to fall upon the stem of a loaf, or some otlier dark spot.

bln^r.'Tlf f
^« printed separately, the printer going all through the piece with one

,.t?nf 'i 1 V^^*^ °i
1 1° colours are next separately fitted into their places by the appro-

priaco Dlocks,_and the piece is then ready for the subsequent operations for raising the
colours. Oahco intended for printing by block is always smoothed by the calender (see
OALENBER) tlio objoct being to leave the cloth stiflf, so as to facilitate the printc^r ioining
tiio (Jiliorent block impressions. When pieces that have been printed by maeliine are
reqmred to have other colours inserted by block, as for instance, the grounding-in of
OUies, yellows, greens, &c., after printing and dyeing in madder colours, the same sort
ot process is adopted, the pieces being dried and calendered, and then printed by blocks
technically termed ^roz»Jc?s; these grounds are cut from sketches or tracings, taken
trom the dyed piece when calendered, and, consequently, fit accurately those parts
which are intended to be blocked. The grounding-in of colours, after the operations of
dyeing, was formerly done by pencils, which were merely small thin pieces of wood,
which were dipped in the colour, and the necessary portions of the patterns, such as
leaves, &c., painted in by hand. Of course, this method soon gave way to blocks ; but
the use of these pencils waa continued down to a comparatively recent period for certain
colours, such as pencil-blue, which being a solution of reduced indigo, was too speedily
o^dised when spread on the sieve, and required instantapplication of the pencil. Even
this colour was eventually applied by block, by a peculiar kind of sieve.
Of late years the tedious hand labour of cutting or coppering blocks has been much

reduced by stereotyping ; when the pattern has several repeats on the block, a cast-
ing in type-metal being made of the pattern, and as many of these as requisite arranged
on a plain block, and securely nailed down. It is obvious that the matrix once made,
an infinite number of castings can be easily produced ; the skilled labourer is therefore
reduced to a small portion of what was formerly requisite. The ordinary way of
maldng the mould is to draw or trace on a small block of pear tree (sawn across the
grain, so that the pattern is put on the end of the grain), the pattern to be typed. Slips
of copper of varying thickness, but uniform width, are then driven down to a certain
distance in the wood, just as in the ordinary way of coppering blocks. When the
pattern is thus completed, the slips are pulled out, of course leaving the pattern in-
dented in the wood ; the block is now rubbed with chalk, and a border about ^th of an
inch deep of card nailed round the block. Melted type-metal is now run in level with
the top of the card, and when cold, a tap with a hammer on the under side of the block
easily detaches the type, which requires very little trimming to be ready for putting
on the block ; when a number of these are arranged on a block, the surface is filed and
ground on a stone till perfectly level. The introduction of Burch's patent typing
machine still further simplified the stereotyping process. In this beautifid invention
the matrix is formed by steel punches of varying shapes, which are moved up and
down by a stirrup and lever, and which are kept heated, by a gas flame ingeniously

applied, to the temperature sufficient to char Avood, and by moving the block about
under these punches and depressing them, the pattern is burnt into the wood to a
uniform depth, and the labour of cutting and bending slips of copper, &c., done away
with.

There are some interesting modifications of block-printing apparatus which may be

here described. In 1834, Mr. Hudson, of the Gale PrintWorks, near Eochdale, patented

a mechanical teerer which was to dispense witli the labour of children. The contri-

vance consists in a travelling endless web, moved by power, which by passing pro-

gressively from the colour vat over the diaphragm, brings forward continuously an

equable supply of the coloured paste for the workmen's block.

Fig. 326 represents the construction of this ingenious apparatus, shown partly in

section, a a is a vessel of iron, supported upon wooden standards, b b, over the

upper surface of which vessel a sheet or diaphragm, c c, of oiled cloth, or other

suitable elastic material, is distended, and made fast at its edges by boing_ bent over

a flange, and packed or cemented, to render the joints water-tight. A vertical pipe d
is intended to conduct water to the interior of the vessel a, and, by a small elevation

of the column, to create such upward pressure as shall give to the diaphragm a slight

bulge like the swimming tub.
. .

An endless web, c c, passing over the surface of the diaphragm, is distended over
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throo roUors,/<^ h, tho lo-wer of Tvhicli,/, is in contact with the colonr-roUer i in the

colour-trough K. On tho axle of the roller i a pulley wheel is fixed, which allows the

roller to be turned by

a band from any first

mover ; or the roller may
receive rotatory motion

by a winch fixed on its

axle. On this said axle

there is also a toothed

wheel, taking into d an-

other toothed wheel on

the axle of the roller/;

hence, the rotation of the

colour-roller i in the one

direction will cause the

roller /" to revolve in the
, • j- i ^^

opposite, and to carry forward the endless web, e e, over the elastic diaphragm, tlie

web taking with it a stratum of colour received from the roller i, equally distributed

over its surface, and ready for the printer to dip his block into. 1^7-
Tho axles of the rollers/and g turn in stationary bearings ; but the axle of /* is

mounted in sliding nuts, which may be moved by turning the screws m, for the purpose

of tightening the endless web. The axle of the colour-roller i turns in mortises, and

may be raised by screws «, in order to bring its surface into contact with the

endless web. To prevent too great a quantity of colour being taken up, the endless

web passes through a long slit, or parallel aperture in the frame 0, which acts as a

scraper or doctor, and is adjustable by a screw p, to regulate the quantity pf colour

carried up. The contents of the vessel a, and the colour-trough k, may be discharged

when required by a cock in the bottom of each. This

contrivance did not come into general use, but is still

employed at some print works in England. The Tobying
sieve is a mode of applying with one block several

colours at once, whereby the cost of several blocks is

saved, and, what is of more consequence, the cost of

labour is very much reduced, as one printer produces

the same result as the combined efforts of several.

"Whenever designs are composed of coloured parts,

where each colour lies separate, and where the outlines

of the coloured parts are not too close together, a sieve

of the following construction is made use of (/^.327).
A block of wood is scooped out in hollow compart-
ments E, which vary in size and number according to

the number and extent of the shades to be printed;

these compartments communicate by tubes b at the

bottom, with reservoirs a, at the sides of the sieve, over
the compartments js then stretched tightly a woollen
sieve ; the surface of this cloth is cemented with melted
resin string about |th of an inch thick, following the
configurations of the compartments ; the use of this is

to prevent the colours mixing aind becoming blended
at tho edges. Colours are now put in the reservoirs,

which are kept filled up above the height of the cloth,

so that a gentle pressure is exerted against the under
side of the sieve. The colours are made of such a
thickness as to pass through the cloth, and keep the
upper surface moist, but still not too thin, or they would
spread when printed. The sieve being thus prepared,
the block is furnished with guides, which, working
against the sides of the sieve frame, constrain the block
to be always dipped in one place, and thus each part of the pattern finds itself

furnished with its proper colour. Sometimes the compartments for the colours are
made of metal when required to be durable, so as to serve for a large number of
pieces of the same pattern.

When colours are required to melt into one another, technically called rainbowed
{fondus, Fr.), tho following apparatus is used:

—

a a {fig. 328) is a rectangular frame
of wood, about 6 inches deep, 2 feet long, and about 1 foot broad. On this frame is
stretched, by means of small hooks, a woollen cloth, and the frame then laid on tho
elastic sui-faco of the usual swimming tub, the cloth downwards and pasted or gummed
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J^nl !^« nf °f i« P^it the colour reservoir b b, which

fn,if;^ nil 1

7?oden or metal box, divided into water-tight compartments longi-

.^llfj J ^'^"'''1
:

^« of such a width as to tit easily into one

,wi ^i^'i resting on a board of the same size, fixed across the frame; the

t«?n nf 11 \i
"I'^y ^0 'i^out 4 inches, and the width about 8 inches; but this islo^uiatoa liy tJio number of colours to bo blended or rainbowed. A semi-circular piece

01 wooc
,
ot nearly the same width as the frame, is covered with printers' blanket,ana a l^ancllo formed on tlie top, so that the teorer can move backwards and

lorwarcts. Iho colour-liftor, c c, is a flat piece of wood just covering the colour-box-
ou tlio uiidor side of this are inserted wooden pegs, as n, at certiiin places determined
by tlio width of the stripe of rainbowed colour and tlie number of shades composing it.
Ihose pegs are of turned wood, about ith of an inch thick at the small end, and about
gths of an inch at the thick end, this end being also recessed so as to lift more colour-
they are nearly as long as the colour-box is deep. In the figure, suppose it is desired
to produce on the sieve two stripes, say e of a dark green in centre, and two shades of
green at each side, and f of chocolate in centre, purplo next, and drab next, at each

side, the colour-box is filled thus : In No. 1 compartment is put the darkest green ;

in No. 2. the medium green ; in No. 3, the palest green ; in Na 4, the chocolate ; in
No. 6, the purple

; and in No. 6, the drab. The colour-lifter is so studded with pegs,
that when put into the colour-box, the pegs 1, 2, 3, 4, 5, and 6 respectively dip into
their appropriate colours. The brush, or semi-circular roller, g, is then moved up to
the top, as shown in the dotted lines, the colour-lifter being then lifted up out of the
colour-box is held a moment till the colour has ceased dropping from the pegs, and
then lifted over, and the pegs allowed to deposit the colour on the sieve, as shown by
the black_ spots 1, 2, 3, 4, 6, and 6. The lifter is then returned to the box, and a
fresh portion of colour lifted, and deposited, as before, at a different part of the sieve,

the spots of colour being of necessity all in straight lines ; the brush g is then moved
backwards and forwards by the teerer till the colours are sufficiently rubbed together
or blended at the edges. It is necessary to obser\'e, that the thickness of the colours

must be pretty uniform, and sufficiently thin to allow them to mix at the edges. By
this means one colour is made to melt insensibly into another, and a beautiful shaded
effect produced on the sieve, and consequently on the piece, when printed from a
block dipped on it.

The Perrotihe is a machine for executing block-printing by mechanical power;
and it performs as much work, it is said, as 20 expert hands. It is in use in many
factories in France and Belgium, in a very satisfactory manner ; but there is reason
to believe that there are none of them now working in this country. Three wooden
blocks, from 2^ to 3 feet long, according to the breadth of the cloth, and from 2 to 5
inches broad, faced with pear-tree wood, engraved in relief, are mounted in a powerful
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«9ist-iron framework, with their planes at right angles to each other, so that each of

tliom may in succession, bo brought to bear upon the face, top, and back of a square

prism of iron covered with cloth, and fitted to revolve upon an axas between the said

blocks The ailico passes between the prism and the engraved blocks, and receives

successive impressions from them as it is successively drawn through by a winding

cylinder. The blocks are pressed against the calico through the agency of springs,

which imitate the elastic pressure of the workman's hand. Each block receives a

coat of coloured paste from a woollen surface, smeared after every contact with a

mechanical brush. One man, with one or two children for superintending the colour-

giving surfaces, can turn off about 30 pieces English per day, in three colours, which

is the work of fully 20 men and 20 children in block-printing by hand. It executes

some styles of work to which the cylinder machine, without the surface roller, is

inadequate.
, nr j * T\/r

The annexed cuts are taken from the ' Traits de I'lmpression des Tissus, of M.

Persoz.

Fig. 329 is a vertical section, and fig. 330 an elevation.

A cast-iron framework. B b b cast-iron tables, planed smooth, over which circulate

the blanket, the backcloth, and the piece that is printed ; c c c sliding pieces, to which

the block holders 3, are screwed, and causing the engraved blocks, 2, to move alternately

S29

against the woollen surface, from which they receive the colours and the stuff to be
printed, by the action of the arms 4 and 6, the supports of wliich, 6, rest on the frame
A, and which act, through the medium of connecting rods, on the beams, 7, keyed to

the slides c. The lower of these slides, being in a vertical position, takes by its own
weight a retrograde movement, regulated by a counterweight, e e e are moveable
colour-sieves, keyed to connecting rods, and receiving from the power applied to the

machine the Idnd of movement which they require. These sieves, which are flat,

and covered with cloth on the surface opposite to the blocks, slide in grooves on tlie

sides of the tables, and receive from the furnished rollers the colours wliich they
afterwards transmit to the blocks, f r f are the colour-troughs filled with colour,

and furnished each with two rollers 8 and 10, the last of which, dipping into the
troughs, are charged with colour, which they communicate to the roller 8, the latter

being covered with woollen cloth ; and these in their turn transmit their colonr to tho
sieves e, on which it is spread by tho fixed brushes, 9. As it is important to be able
t:o vary at pleasure the quantity of colom* supplied to the sieves, and consequently to
the blocks, the rollers, 10, are in connection with levers, 11, which, by means of
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adjusting screws, bring them into more or less intimate contact with the rollers 8and consequently vary tho charge of colour at pleasure.
Ihe blaiikot, backcloth, and fabric are circulated as follows :—At the four angleslormea by the three tables, b, are rollers, 1, armed on their surface with needle-points,

wnicJi prevent the cloths from slipping as they pass round, and thus secure the regularmovement ot the stuff to bo printed, a movement determined by the toothed wheels

. V'f- /
oxtTomities of tho axes of those rollers, o is a roller for

stretcJung the endless web, resting with the two ends of its axes on two cushions
torming the extremities of the screws 12, by which the roller can be pushed further
out when required, to give tlio cloth the necessary tension, h is another tension
roller, supporting the blanket and- backcloth. k is a roller which serves similar
purposes for the blanket, the backcloth, and the fabric in course of being printed.
T, tho blanket, which in its course embraces the semicircumference of the roller
passes over the roller H, and behind k, to circulate round the cylinders 1, and over
the surfaces of tho tables b. i. is a cylinder from which the backcloth is unwound,
being- lirst stretched by the roller ii, and then smoothed by the scrimping bars 13,
from which it proceeds to join tho blanket on arriving at the roller k. m a roller^
from which the fabric to be printed is unrolled by the movement of the machine, first
passing over the scrimping bars 14, and joining at k the blanket and backcloth, which

230

It accompanies in their course till it arrives at the roller o, when it separates and
passes off in the direction of the lino n, to the hanging rollers, where it is dried.

The machine is put in movement, either by a man with a winch-handle, or by
power communicated by a strap which passes over the pulley 18. This pulley has

several diameters, so as to give several speeds ; it is loose on the drl\'ing shaft, and
carries catches which lock into those of a sliding catch-box on the sliaft, when the

machine is to be put in movement. The movement of tho machine is intermittent

because the printing is intermittent; moreover, it must be so regulated that the fabric

advances a distance exactly equal to tho breadth of the blocks, and that it moves
forward whilst the sieves are charged with colour from the rollers 8 8. This result

is obtained by means of a regulator, or dividing wheel 20. The wheels 21, fixed at

the extremities of the axis of the cylinders 1, and having each the same number of

teeth, receive their movement from a central wheel toothed in the same manner, and

placed behind the wheel 20. The last receives an alternating motion from a rack,

24, fixed in a copper piece, 25, and which rises and falls alternately, being keyed at

its lower end to ono of the spokes of tho wheel 28. By varying the position of the

point at which the end of the rack is connected with the spoke 26, the length or

range of its movement is .proportionally changed, and more or less of the teeth of
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the wheel 20 are made to pass, which renders proportionally, greater or less the

1 ! „f thfl ploth at each movement; and this is further regulated by a ratchet

J^r^l^ed at D At each half turn of this last, the lover 22 raises the catch or

SelStLows out of gear the wheels 21 during the other half turn
; but as in the

worSne of these wheels there would be inevitably a backward movement, this is

Zvinted by a break, consisting of a pulley, mounted on the shaft of the axis of theE 20, and a brass wire which after making a turn and a half. or two turns, on this

shaft, is Stretched by the weight 23, which offers a sufficient resistance to any recoi

L

The shdes or block-holders are put in motion by the wheels 27 and 28, gearing .,ath

the lareer wheel 29. And to vary their action at plsasure, both for causing the

blocks to bear more or less strongly on the sieves, so as to bd more Or less charged

with colour, and Hkewise for attaining the exact pressure, which suits best for the

colour to be laid on, it is sufficient to move the points of junction, 16 and 17, to a

cn:oater or less distance from the point marked 15, which constitutes the centre of

oscillation of the beams that work the slides. The movement of the sieves is con-

troUed by that of the cam 11, 30, which works them all three by putting m motion a

shaft with which they are respectively keyed. The furnishing rollers receive their

movement from gearing with pinions on the axes of the rollers 8 8. The general

working of this complex machine remains to be described. When put into regular

motionr and the three blocks have delivered their impression exactly at the same

instant) three simultaneous movements then commence.
,, ^.,1.11 a

1st The stuff advances a distance exactly equal to the breadth of the blocks, and

with it the blanket and backcloth, so that the portion of the fabric which leaves the

third block behind it, is fully printed ; that which was under the second advances

opposite the third ; that which was under the first, moves along to the second ;
and a

fresh breadth of white or imprinted fabric arrives opposite the first. 2nd. While the

cloth is advancing as above stated, the sieves take the place which they occupy in the

section, Jig. 329, that is to say, the first on the right hand rises, the second moves from

left to right, the third descends, and in this movement all three press slightly on tho

furnishing rollers 8, from which they receive the colour, which has been spread uni-

formly by the brushes 9. 3rd. In the meantime, the slides, or blockholders, by a for-

ward movement, push the blocks against the sieves, to charge them with colour, and

the blocks at the same time receive from the slides a gentle backward movement, during

which the sieves deviate from their position ; the blocks then return upon them, and

are drawn back again after being applied to a new part of the colour surface. When
these simultaneous movements have taken place, tho action of the machine proceeding

without intermission, the sieves move back from before the blocks, and these are

pushed up against the latter, printing the position of the fabric that is stretched upon

them. This brings the machine to that position at which the description commenced

;

and this succession of movements is renewed and repeated as long as the operation

lasts ; the printer having it always in his power to suspend the advance of the stuff

whilst the working of the blocks and sieves continues, so that the colour may be

re-applied to the same part of the fabric as often as may be required for a good

impression.

There have been several attempts at block-printing by machinery in this country,

amongst which the machines of Mr. Joseph Burch have been most successful ; but

from one cause or another, none of them have ever come into general use, and it is

unnecessary therefore to particularise them.

The copper-plate printing of calico is almost exactly the 331
same as that used for printing engravings on paper from
flat plates, and being nearly superseded by tho next machine,
need not be described.

The cylinder printing-machine is one by which one or

more colours are rapidly printed from engraved copper
cylinders or rollers by the mere rotation of the machine,
driven by the agency of steam or water. The productive
powers of this printing automaton are very great, amount-
ing for some styles to a piece of 30 yards per minute, , ^f'!^^5j\Vs
or a mile of printed cloth per hour. Fig. 331 will give the '^V D ^

reader a general idea of tliis elegant and expeditious plan
of printing. The pattern is engraved upon the surface of a
hollow cylinder of copper, and the cylinder is forced by
pressure upon a strong iron mandrel, which serves as its

turning shaft. To facilitate tho transfer of the impression
from the engraving to tho cotton cloth, the latter is lapped
round another largo cylindor,_ rendered elastic by rolls of woollen cloth, and the en-
graved cylinder presses the calico against this elastic cushion, and thereby prints it as it
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facforv T, o 1

i'^^ '^»"' connected with the Btoam or water power of the

the ihine aS;T fT "".r""''
the end ftamL o?

screws Zwo,vf^^^ cylinder A is pressed by weights or

arrow, being carried round along with the drum «S again is ti^n^^^^^ tLInction of contact with the cylinder a. c represent a clothefwoodon ailer ifaiSv

Id '^t 'Y''''''^ '''r
''"^gl^ ° °- ^'hat roller 7s ml to^^^^^^^ivith a moderate force, against a, and thus receives, by friction, in some cases amovement of rotation. But it is preferable to drive the Roller c from the cylinder aby means of a system of toothed wheels attached to their ends, so tha the surfacespeed of the wooden or paste roller shall be somewhat greater than that of the

p^rl Sthfir ^ ^ ' ^° ^'^^ °°2av^d

As the cylinder A is pressed upwards against b, it is obvious that the bearers of thetrough and its roller must bo attached to the bearings of the cylinder a in order to
preserve its contact with the colour-roller c. 6 is a sharp-edged ruler of gun-metalor steel, called the colour doctor, screwed between two gun-metal stiffening bars • theedge of which wiper is slightly pressed at a tangent upon the engraved roller a This
ruler vibrates with a slow motion from side to side, or right to left, so as to exercise a
delicate shaving action upon the engraved surface, as this revolves in the direction of
tlie arrow, c is another similar sharp-edged ruler, called the lint doctor, whose ofiaee
It IS to remove any fibres which may have come off the calico in the act of printing
and which if left on the engraved cyUnder, would be apt to occupy some of the Hues'
or at least to prevent the colour from filHng them all. This lint doctor is pressed
very slightly upon the cylinder a, and has no traverse motion.
What was stated with regard to the bearers of the colour-trough d, namely, that

they are connected, and moved up and down together, with the bearings of the
cylinder a, may also be said of the bearers of the two doctors.
The working of this beautiful mechanism may now be easily comprehended. The

web of calico, indicated in the figure by the letter d, is introduced or carried in along
with the blanket stuff a a, in the direction of the arrow, and is moved onward by the
pressure of the revolving cylinder a, so as to receive the impression of the pattern
engraved on that cylinder.

Before proceeding to describe the more complex machines which print upon cloth
several colours at one operation, by the rotation of so many cylinders and rollers, it is
advisable to give some insight into the modern method of engraving the copper
cylinders. These were formerly engraved altogether by hand, in the same manner,
and with similar tools, as the ordinary copper-plate engravings, till the happy
invention of Mr. Jacob Perkins, of America, for transferring engravings from one
surface to another by means of steel roller dies, was with great judgment applied by
Mr. Joseph Lockett sen. to calico-printing, so long ago as the year 1808, before the
first inventor came to Europe with the plan. The pattern is first reduced or increased
in size to such a scale, that it will repeat evenly over the roller to be engraved ; and
as rollers are of varying diameters, owing to old patterns being turned off, &c., this
drawing to scale has to be adopted for every roller, the exact circumference of the
roller being taken and the pattern arranged in accordance with this. This pattern
is next engraved in intaglio on a roller of softened steel, which is of such a size that
one repeat of the pattern exactly covers its surface

;
generally these rollers are about

3 inches long and from ^ an inch to 2 or 3 inches in diameter. The engraver aids
his eye with a lens when employed at this delicate work. This roller is hardened by
heating it to a cherry-red in an iron case containing pounded bone-ash, and then
plunging it into cold water : its surface being protected from oxidisement by a chalky
paste. This hardened roller is put into a press of a peculiar construction, called the

clamming-machine, where by a rotatory pressure, it transfers its design to a similar

roller in the soft state ; and as the former was in intaglio, the latter must be in relievo.

This second roller being hardened, and placed in the engraving-machine, is employed
to engrave by indentation upon the full sized copper cyKnder the whole of its intended

pattern. The first roller engraved by hand is called the die ; the second, obtained

from it by a process like that of a milling tool, is called the mill. By this indentation

and multiplication system not only has the cost of engraving been much diminished,

but designs and styles have been brought into requisition which by no other means
could have been obtained. The restoration of a worn-out cylinder becomes extremely

easy in this way ; the mill being preserved, need merely be properly rolled over the

copper surface again. The die roller is made of such a size that its circumference is

exactly a fractional part of that of the mills, say one-half, one-third, one-fourth ; then
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;n tl,« Mftmmine-machine tlio die revolving in contact with the mill repeats its surface

_ t-Lfls on the surface of the mill. By this moans as little skilled labour as

When a pattern having more than one colour is to be engraved,

the drawing isTeduced to scale as before, each roUer being made of the same diameter •

332

so many times

possible is used.

thAn a tracing is made of each colour, which is engraved on a separate die and mill-

7^11 being required for each colour—which engraves its separate copper roller;

whnn these rollers come to be worked in the printing-machine, each roUer fits its part

of the pattern into place, and the original pattern is reproduced. The annexed

^viwinffs of eno-raving machinery are from those made by Messrs. Gadd and Hill, of

7\r'mchester, to whose courtesy are due also the drawings of the printing-machines and

their drying apparatus hereafter described. Mg. 332 is a front view of the clamming-

machine, &nd.fig. 333 is a side view

of the same, a a cast-iron frame-

work; B a headstock screwed on

the frame work a; c a sliding piece,

capable of movement from back to

front on the headstock b ; _
the

position being determined, it is

secured by the screw shown under

c ; the roller d revolves in bearing

attached to the sliding piece c ; the

supporting piece e has a motion

backwards and forwards on the sup-

porting piece 0, which moves up or

down ; e is a small steel roller, which

again supports the die roller seen

in the centre of the drawing. The
roUer f is of softened steel called

the miU, which revolves in bearings

attached to the headstock, which

has a sliding movement on the slide

block H, which is moved from right

to left by the screw i, worked by
the lever K. l is a pinion gearing

into the toothed wheel n, and turned

by the winch-handle m ; the shaft p has a sliding movement through the wheel n, and

carries the boss o, which has a square aperture to receive the centre of the mill, which

is squared to fit into it. g is a screw used to tighten and keep in the desired position

the saddle pieces e o, which together are pushed up or down to meet the varying size

of the die.

The die d having been hardened, 333

is inserted in the machine resting

on the auxiliary hard steel roller

e, which again rests on the sup-

porting piece e; the die being in

contact with the hard steel roller

D, the soft steel roller or mill e
is next forcibly screwed up in con-

tact with the die, rotatory motion
being given to the roller d by the

toothed wheels, those portions which
are in intaglio in the die become in

relievo on the mill. It is then ready

for the machine engraver to transfer

its pattern to the copper roller.

Fig. 334 is an elevation of the

engraving machine, a A is a man-
drel which carries the copper roller

b; the mandrel is fitted in the

universal joint c, which is secured

on the shaft of the wheels d d,

which are a double pair of wheels
for the purpose of altering the

speed from fast to slow, and are

moved by the winch-handle or

pulley. The lever b is fitted, works loosely on the shaft, on which is keyed the
wheel F. By means of the screw o, the lever b can be secured to the -wheel f.
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By this contrivance tho motion termed rockinn is offectod tlmt V^^^^\ nf t •

m tiio liguxe, but is at right angles to the roller. Tho miU being in contact with S

SlsDB^o';fr7f^'' ^^V^ simuH^neously on the roller being moved by thewheels D D or the lever e, and consequently impresses or engraves its pattern on ^e
neKr -l^en the mill has traversed the drcumferencf it i tfen moved to fts

f

position by the screw i, which moves the pillar and carriage h the

S«?fnr' is determined by an index on the wheel K^whidi is
divided into segments, corresponding with the number of repeats laterally on the
roller. The apparatus shown at i, is used occasionaUy when the machine is employed

Wli'^'''^^-
engraved pattern, which, however, is generally performed in a sMelathe, and is unnecessary further to describe here.

Etehing by nitric acid is largely employed in engraving for caUco-printing. The
roller is coated all over with a thin film of bituminous varnish. Lines of any requiredtorm or quantity are then traced upon it, which lay bare the copper surface beneath.On immersion m a bath of diluted acid, those parts of the roller only which are ex-
posed become bitten or etched to any required depth, the remaining surface of the
roller being protected by the varnish. This process is employed in combination with
tno miU process, for engraving all ' soKds,' that is, those parts of an engraving which
are intended to contain masses of colour, to be transmitted to the caUco in the
pnnting-machme. For this purpose the outline of the solid to be engraved is first put

.
on with the mill

; the roller is then varnished, and a number of diagonal or angled
parallel lines are traced upon it with a diamond-point. Those portions which are
intended to be white on the calico, are ' stopped out,' or covered with varnish, by the
operative, and the roller is ready for immersion in the bath of diluted acid. Tho
roller is removed when the requisite depth is obtained, is well washed and the
bituminous coating is removed, and after slight examination and addition by the
hand engraver is ready for the printer. But the two most notable applications of
etehing in the trade of engravers to calico-printers have been the 'Eccentric' and
' Pontagraph

' systems. The former owed its greatest development to the late Mr.
Joseph Lockett, son of the founder of the eminent firm which still bears his name.
It is not essential to the scope of this article, to give an elaborate description of the
beautiful and ingenious machinery employed, nor would it be possible without a very-

elaborate set of drawings. It may suffice to record that by means of diamond-points,
actuated by elaborate machinery, a most curious variety of configurations is

produced on the roller. In this process tho exact effect that will be produced by any
given modification of tho machine, cannot bo determined beforehand, though an
approximation can be made ; but when a pattern is produced, and notes are taken of
the relative position of the wheels, &c., the same pattern can at any time be reproduced.
This system is applicable principally to ground-works or, as they arc termed, ' covers,'

which form tho bases of backgrounds of many classes of design much in yogue on
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account of thoir utility and variety. The Pentagraph system is of later development.

The process is the folio-wing :—
, , • j i„

The pattern is first enlarged to several times its size : this is conveniently done by

the camera The paper pattern being put in the camera, an enlarged copy is thrown

on a table in a darkened room, and is there easily traced on paper. It is then trans-

ferred to a thin zinc plate, and this plate is then engraved -with a graver, the lines of

the en^Traving being adapted for the tracing-point to work easily m. The zinc

pattern if of a 2- or more coloured pattern, is coloured for the guidance of the

operative. It is then laid on the bed or table of the pentagraph machine, and a var-

nished roller being mounted in the machine, a number of tools, corresponding in

number to the repeats laterally, and carrying diamond points, are placed in contact

with the roller. The operative then carries the tracer successively into all the lines

of the pattern, a lever allowing the points to touch the roller only when necessary.

The pattern is thus traced by the etching points on the roller a less size than that on

the zinc plate, or the same size as the paper drawing. The roller is then painted and

etched with nitric acid, as before described. In 1834 Horton Deverill of Manchester

patented the first application of the pentagraph principle to engraving cylindrical

surfaces for calico-printing. It was the simplest form of the ordinary pentagraph,

viz., a rhomboidal arrangement of levers, the relative adjustment of which, through

appropriate connections, secured the transfer to the roller of the design from its

enlarged copy. The time was not propitious for the adoption of this clever

invention ; a machine was tried by Mr. Lockett, and abandoned less on account of any

inherent defect, than because of the very limited use which could be made of it in

the then prevalent style of engraving. In 1848 Isaac Taylor patented the substitu-

tion for the single rhomboidal frame of Deverill's pentagraph, several such frames in a

continuous series. It was proposed to secure by this means a higher power of

diminution in a compact machine, and as a result, a more perfect engraving. _He also

multiplied the number of bars supporting the tracing or etching tools. With this

machine commenced the first commercial application of the pentagraph
_

system of

engraving in England, though on a very limited scale. In 1854 William Eigby

introduced and patented an improved machine, based on the American invention of

William Whipple. Whipple had constructed a machine with a curved bed for the

zinc plate instead of the flat tables of Deverill and Taylor. The tracing point was

attached to a swinging frame, and motion was communicated to the roller, and etching

tools respectively in a similar manner to that shown in Eigby's machine, figs. 336 and

336. In a patent dated January 1, 1857, Eigby applied two rows of etching tools to

his machine, whereby the time occupied in tracing the pattern was very considerably

diminished. This method was soon very extensively adopted: a reference to the

annexed figures will more clearly show the main features of this machine.

In figs. 335 and 336, a represents the cylinder to be operated upon ; and b, the bed

or table for the reception of the enlarged pattern or original device ; c, the tracer, which
is made to traverse in the direction of the arc of the bed or table, and by means of its

connection with the carriage h, the rail d, and the connecting arms e e, communicates
part of a revolution to the bar or axis /, and thence to the cylinder through the dies

g g, on which the cylinder rests. The cylinder being thus moved in a rotatory direc-

tion, will receive from the tools in contact with it diminished copies of the transversa

lines which may have been gone over by the tracer on the enlarged pattern or device.

The tracer c being connected with the carriage k which travels along the rail d, will,

in passing over a line running longitudinally with the machine, communicate a partial

revolution to the wheel I by means of the bands of steel j j, similar to watch-springs,

which pass under and over the small wheels k k, and are passed round and secured to

the large wheel I, which is mounted on the vertical shaft m, carrying at its upper end
the small drum m', round which passes the steel band n, secm-ed at each end to the
pieces o o. These pieces are secured by bolts or screws to the sliding frames p, to

which the upper tool bar or bars q, which support the graving, drilling, or etcliing

tools r r r, are fixed. Thus any motion of the large wheel I will be imparted to the
drum m', and by it through the steel band n to the sliding frames p and the tool bars

q, and, consequently, to the tools r, thereby transferring to the cylinder diminished
copies of any lines in a lateral direction that may be gone over by the tracer. It will

be evident that the result of the simultaneous action or compounding of the two
motions, by passing the tracer over any diagonal or curved hne, will be the pro-
duction of a diminished copy of such diagonal or curved line by each of the tools, s is

a treadle with a vertical link and appropriate leverage, by which the tools may be
brought in contact with the cylinder when required ; t t ave counterbalance weights
for the connecting arms c e, lower rail d, &c. ; u and v represent a worm and wheel
for the purpose of giving the roller an extra partial revolution when it is required to
engrave upon a different portion of tho circumference of the cylinder ; and to effect a

Vox. I. Q Q
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similar purpose in the longitudinal direction, the tool bar may be made to shift in its

slidinff frame with an adjusting screw attached to it, by means of which any degree

of exactitude in the setting of the tools may be obtained.

In the machine, as shown in the accompanying drawings, the design executed on

the cylinder would bear the same proportion in size to the enlarged pattern on the

bed or table that the small drum ot' bears to the largo wheel I, and the radius of the

discs (7 ff, to the radius of the circular bed ; but by the adoption of wheels and discs

of dififere'nt diameters, any desired proportion between the pattern engraved and the

enlarged pattern may be adopted. ...
By minor improvements, an alternate reverse action is given to the tools and bars,

thus adapting the machine for turnover patterns ; also more than one row of points

may be attached to each bar. In 1857 William Shields patented a machine in which

he substituted a flat table for the curved table of Whipple and Eigby, and applied an

ingenious and original method of varying the dimensions of the design on the zinc plate

in transferring it to the roller. The tracing instrument communicates motion to the

etching tools through the intervention of inclined planes, so that by varying the angle

of these planes motion is transmitted in the required proportion ; motion is communi-

cated to the cylinder through similar apparatus. The remarkable facilities offered by

this machine caused its immediate adoption by Messrs. Lockett, Leake, and Co., of

Manchester, by whom it has been most extensively used in their own works, and

manufactured for the trade in England and on the Continent. A reference to th.

annexed diagram will more clearly show the peculiarities of this machine.

Fig. 337 is a longitudinal section of the machine
; fig. 338 is a plan-view. The

framework of the machine is shown at a, provided with a table 6, upon which is placed

337

the design to be copied. The tracer c is jointed upon a rod d, which rod d passes
freely through a bar e, and between slides /, mounted upon the said bar, which there-
fore act as guides when the rod is moved to and fro in the direction of its length.
This rod d is attached atone end to a cross-bar g, carried by parallel bars h, which rest
upon flanged rollers i, capable of rolling upon fixed rails Jc ; as therefore the tracer c and
bar d are moved longitudinally, the bar g and its parallel supports are caused to par-
take of a like motion. To the bar h is fixed a bracket I, which carries at its upper
end a stud m, projecting into a groove formed lengthwise in a lever n ; this lover ia

qq2
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athxched by an arm o to a cross-tar ^j, and is eapaLlo of Loing turned upon its centre
60 as to occiipy any angle in refereuco to the tracer rod being confined in any
desired position by a tightening screw q, and thereby constituting an inclined plane for
the stud m to act against ; the cross-bar p rests upon flanged rollers r, which roll
upon a fixed bar s, provided with a groove for the purpose of allowing the arm o to
travel along its length. To the bar -p are affixed the carriages u of the tools. The
upper part of the bar e (through which the tracer rod passes) carries a stud 6 situate
within a groove formed in a lever 6, which lever, like that shown at n, is capable of
being turned upon its centre to any angle, so as to constitute an inclined plane for the
stud 5 to act against, and of being confined to any desired position by means of
tightening screws 7. The boss of the lover 6 carries an arm 8, which extends upward,
and is there connected with a cross-bar 9, to which are attached parallel bars 10,

running upon flanged rollers 11, situate upon fixed bars 12, upon which the cylinder

838

A bears so as to communicate rotatory motion thereto. The operation of the machine

is as follows :—The tracer being pushed inward or drawn outward, will cause the

parallel bars h to move in a similar direction, thus carrying the bar g and stud m
along the inclined groove in the lever n, by which means the bar p will be caused to

move transversely, carrying with it the tools along the surface to be operated upon,

and thus the operation in one direction is accomplished. A crosswise movement of

the tfacer will cause the rod d to move the bars e g transversely, and the stud 5 will

be fouced against the inclined plane Avithin the lever 6, so as to effect a longitudinal

motion Of the bars 10, whereby the ribs 13 will act against a part upon the axis_ of

the cylinder a, so as to cause it to revolve, and thus the motion m the other direction

is obtained. By subsequent improvements the pentagraph system has been greatly

extended in its application to many styles of engraving hitherto unapproachable.

Conspicuous amongst them may be noted the employment of the punch and a vibratory

motion imparted to the roller, by means of which circumferential lines are engraved

on the roller which have equal working qualities with those obtained by the null.

"With regard to the 2- and 3-colourod machines, we must observe, tHat as the calico
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• ^,.f««fln the cylinders is stretchod laterally from the central lino of the web,

in passing between the cylina^^^^^^
proportionately shortened, m their

the figures ^^F^^^^'^P'^^nv for the first and second cylinders.

lateral (hmensions espem^^^^^^
^^^^.^^^ .^^ wonderful deve-

Cylinder pnnting, although
^^<^^^^ '^ ^ this country. The economy of

lopment an England and d^^^^

marvellous; one of them, under the

labour ^^^oinced by
t^^JJ7™ ,Jthe service of two boys, to supply the

'°KffofpriSin'gty'machine are stitched together end to end in bundles con-
Pieces ior V^^^^^S ^7

formerly done by girls, but they are now

rr!c ZicaVy\'Uy^^^^ r^-- ^Sr^^tstKsel

339

This machine was the invention of Charles Morey, in 1849. A pair of wheels are

fitted with leaves on their peripheries, and gear into one another like cog-wheels.

These wheels are mounted in suitable bearings fixed to a sole plate, and receive

rotatory motion by means of a winch-handle. The centre of the teeth of both wheels

is cut away, so as to form a circular groove between the two teeth which happen to

be together. Opposite to this groove, and attached to the frame, there is a bracket which

carries a sliding piece, with a spiral spring wrapped round it. In the end of the

sliding piece, which passes through the bracket, there is a receptacle for the eye-end

of a needle, the point of which rests in the groove formed by the wheel ; the needle is

threaded, and the fabric to be stitched placed behind the wheels, to which rotatory

motion is communicated, whereby the fabric is successively folded into undulations,

which, as the operation proceeds, are forced on the point of the needle ; when the

needle is full, and the piece at the other side of the wheels, the needle is pushed back

on the spring, removed from the machine, and the thread drawn through the pieces,

which are then basted or stitched together. This is a very rapid mode of stitching

ends of pieces together ; but where a number of pieces are stitched end to end for the

purpose of being put through several operations without unstitching, a firiner descrip-

tion of stitching is required, and a machine of more elaborate construction is used. A
machine invented in America, and hence called the American Machine, was for a long

time used. In this machine the ends of the pieces were hooked round a circular table,

three sets of pieces being put on at once ; the needle now traversed the inside circum-

ference, sewing the ends, which were then unhooked. This was found troublesome

and not sufficiently expeditious, and afterwards a modification of the Wilcox and

Gibbs sowing-machine was introduced. This is being rapidly superseded by a very

beautiful machine invented by William Birch, of Manchester {fff. 340).
_
It is not

within the scope of this article to give a satisfactory description of the details of this

machine ; in general terms, we may say that it makes the common flat chain-stitch,

which is easily drawn out again when required. It is simple in its working, and is so
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that the attendant has nothing to do but to put the ends together and

l^tl o2^^^^ "P°°'^'^" ^""^^ i^'^^ks of the So am
i^Tsit m l tiJr'^^^ T"" ''7^ ^^^^ ^he machine will then blS
am will

fabnc across the machine. When the ends are sown, the guid

eS^ attTchoc rw'"'
'"^^^

f tli° ^^«l"ne until another pa^ir of piece

,1 f
^''^ 'irraugoment enables ono person to sew as many pieces mvday as two or three can on other machines. These machines sew wetTrX/ thick o^thin, cloth with equal facility. They are driven by steam-power. Srsil is thesame machine, placed upon a portable stand to work by the foot; tl^^ stond is s°

340

constructed that when stationary it rests upon two wheels and a leg, and when being

moved about, the act of pulling the handle presses a third wheel with a swivel upon
the floor, and the machine is thus easily removed from place to place. There is no
guide arm to this machine, which is used chiefly in the dyehouse.

Pieces are also frequently gummed together at the ends, which is done by pasting

the ends for about inch wnth paste or gum, and, after lajnng one on_ the other,

drying them immediately on a steam-pipe in front of the operator. This mode is

advantageous for some piu'poses, as when the pieces come, in the subsequent operations,

into hot water, they are easily detached ono from the other.

By whichever of those modes the pieces are joined together, they are then wound
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na fthout 40 pieces by a machine called a candroy, wliich winds them on the
'°

A^l hflam which fits in at the back of the printing-machine ;
the cloth during the

rr.7Hnn of winding becomes stretched laterally quite smooth, by the aid of one or two

Zoved stretching bars, as described mfic/. 347., a due degree of strain being kept on the

piecJby its passing under and over several plain wooden bars, and to the axis of the

341

wooden beam which receives the pieces being suspended weights which keep it forcibly

in contact with the wooden drum which turns it by friction. In this machine the ends

of the axis of the beam pass through slots, which allow it to rise as the pieces become

wound on, and the diameter consequently increases. If fewer pieces than 40 are to be

printed in one pattern or colouring, it is usual to stitch a few yards of old cloth

between two pieces where the change is intended to bo made ; by this means the
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de^Xn^sil ani Tf'^'yJ^^
this purposQ i« that mado by Furnival. of Hasling-

Z^sarae cent™ «\«*^;r°
""l^"^^ ^^^''^'^'1 the pullies c c, keyed upon

beLnresTd uin 'ff
' ' ^'^^^^ ^^"'^^^ ^^^^^h is wound, the^ollor d

and !n So nnH^r.? ^^1° ^ ^^"^^^^ ^''^ ^eyed upon the shaft f,ana on tlio end of the same shaft the brake pulley c is keyed - the friction of thewrought-iron stop n round the brake pulley holds the levers^AightJy upon the eSs
342 ^^.^ ^^^^^'^ °> but allows the levers

to rise as the roller d increases in
diameter by the cloth being wound
upon it ; i is a brass spreading roller
(further described where the finishing
room is treated of) to stretch the
cloth before the entering between the
rollers b and d ; k and n are wrought-
iron bars; l and m are scrimping
bars, o is a lever working on a
pivot; to the longer end of this lever
and near the pivot is fastened one
end of the iron strap h, and near
the handle of the same end of the
lever is a weight p depending from
a chain ; o q are handles for start-
ing or stopping the machine by shift-
ing the strap on or off the loose
pulley. The cloth is passed under
the iron bar k over the scrimping bar
r, under the scrimping bar m, over
the iron bar n, under the spreading
roller i, and wound upon the shell
D;_to remove the roll of cloth when
finished winding, the handle o with
the weight is lifted, which relieves
the pulley g from the pressure of the
iron strap and allows the levers e to
be lifted, when the shell with its load
of cloth is detached.

The proper hygrometric state of
calico when printing should be at-
tended to

; very dry calico does not
take colours or mordant nearly so
well as when containing a certain

amount of hygrometric moisture.
Practically this is attained by the
bleached pieces being stored in the
' white room,' generally several

hundred pieces in advance, and they
easily absorb sufficient moisture from
the air to be in a proper state for

printing on.

Should, however, circumstances

prevent this taking place, the pieces

are conditioned by being .passed

through the spray of water. The
machine for this purpose consists of

a rectangular box, closed with a
stratum of water at the bottom ; one or more revolving brushes, set at a right angle

to the piece, dip slightly into the water, and being made to revolve very rapidly, a
continuous fine spray is produced, and the pieces are drawn rapidly through the

upper part of the machine, entering and leaving the machine through narrow
apertures, a little wider than the pieces, and are wound on a batching roller. In
its rapid passage through the spray the cloth becomes slightly damped. The
'white room' where the bleached calico is stored is generally placed in some cool part

of the works, and sometimes built over a part of one of the reservoirs.

A shearing-machine is now generally employed to remove any knots, loose fibres, or
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xt. ^Ufli nrovious to printing by machine. The shearing-machine
do,m from the whate c^^^^^^^^ S^^y

^^^^ ^^^^ ^^j^^^^^

of Mather and
^^^^JJ^^;^" 'f^^^^ in' a roll ready for the printing-machine.

^ifS^i^f-tie^^^^^^^^^ Mpiral cutter'; c. beds
;

brush for fac.

of cloth ; e, main driving shaft
; /. batching roller. The machine has fast and loose

driv ng puUies 12 inches in diameter by H inches broad which make 250 revolubons

per minute. The cloth passes rapidly over the spiral knives, which revolve also

rapidly, and give a slicing effect from side to side of the cloth. In some cases this

machine is used instead of singeing before bleaching, but is generally used as a final

remover of loose matters before printing.
, . a. -u

In mounting two or more cylinders in one frame, several adjustments become

necessary. The first and most important is that which ensures the correspondence

between the parts of the figures in the successive printing rollers, for unless those oi

the second and subsequent engraved cylinders be accurately inserted into their re-

spective places, a confused pattern would be produced upon the cloth as it advances

round the pressure cylinder.
, jy i. 4.- a

Each cyUnder must have a forward adjustment m the direction of rotation round

its axis, so as to bring the patterns into correspondence with each other m the length

of the piece ; and also a lateral or traverse adjustment in the line of its axis, to eliect

the correspondence of the figures across the piece and thus, by both together, each

cylinder may bo made to work symmetrically with its fellows.
_ o/i^

•

Fig. 344 is an end-elevation of a 4-colour printing-machine, and fig. 345 is a

section of same : the same letters of reference refer to both, a is the cast-iron frame-

work, bolted to a corresponding framework by the bolts b, with a space of from 3 to

4 feet between; c is the pressure cylinder, about 2 feet diameter, of iron, but hollow,

and between 3 and 4 feet long, according to the sort of cloth the machine is

intended to print ; d are the copper rollers, the width of a piece of cloth
;
e are

wrought-iron mandrels on which the copper roller is forced by a screw press, the

mandrel being about 4 inches in diameter where the roller fits on, but with journals of

smaller diameter. The roller is made with a projecting piece inside, about an inch

broad and ^ of an inch deep, extending all the width of the roller ;
this tab, as it is

called, fits in a slot cut in the mandrel, wliich causes it to turn without slipping on the

mandrel ; the pressure cylinder or bowl c, rests with its gudgeons in bearings or

bushes, which can bo shifted up and down in slots of the side cheeks a ; these bushes

are suspended from powerful screws f, which turn in brass nuts made fast to the
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ooMi to bo lilted out of tlio way of the rollers, &c., whou

344

they have to be removed, gg are sHding pieces, moving in arms of the frame-work by means of screws nn. These sliding pieces carry the bearings of tha
mandrels

;
to them are also attached the colour boxes and doctors. The screws h

345

work in female screws i', which form part of a system of jointed lovers k. These
.

levers are for the purpose of giving an additional pressure or nip to the rollers D, the
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v^.i^ff nlso elastic There are four pairs of levers, each pair bearing upon
pressure bomg

°^7J7;^^ffi,;ejjt to describe one side only, both sides being pre-

opo manrtrei.
^^^^^^^ ^^^^^^^ ^^^^^^^^ the cylinder by the com-

'^'^
tvSs K' which have attachments to the arms of the franiewk at/, and to the

pound lov?^^^ framowk at g and m' as fulcrums, and are jointed together at hh

f''^/Snfc levers T Hmerdy fit into sockets of the horizontal levers m'k',

hl^Lew^X at the 'ends J, by moveable weights made to fit expanded parts

SelwTlowest K,ll6rs are pressed against the cylinder by the system of compound

Wera K" Xch have attachments to the framework at k and m" as fulcrums
;
the

iJews V' I" working in female screws i" i", as in the other set of levers Tor

rn?eniL?ofTemoving the rollers, colour boxes, &c., these levers are Provided with

^Sr^pi^ N.^n aicket o, on the top of which work the screws Z Z, which, by

tSVf S^fem^ae screw in the lever k^' serve still ^^^t^^^^ ^
^e lie lever k" k is shown as when the machine is pnnting, but when the rollers

Z 'are to be removed, the lever is lifted by the handle, and the hinged piece n pulled

fver tiie leverS its burden being then lowered down ; the weighting of these levers,

Xch are pSaTo^itside the machines best seen in /^.. 344 and 345 where i. are the

wSt^ Q are Colour boxes, the sides and bottom of which are made of sheet copper

Z the enrof^n-metal ; in each end is a slot which receives the brass journals of

Se wooden fSnSiing rollers p, which are wrapped with a few folds of coarse calico

and by revolving in the colour and against the engraved rollers d, supply it equaUy

aU overSlhSe colour ; the superfluous colour is next^ped off bythe colour doctors

T The^^ doctors are thin blades of steel or brass, which are mounted m doctor-

shears or plates of metal screwed together with bolts; the shears have journals which

rest 7n bearings moveable backwards and forwards by the screws s ;
the doctors are

kept in close contact with the engraved roller by levers and weights for the way of

aSn^ng which, see Jig. 346. where a, b, c. are the levers attached to the doctor

346

shears. On the ends of these levers weights are hung, and by this means the doctors

iiro pressed forcibly against the roller.

After printing the pattern on the piece, the roller d is cleaned from threads or dust

by the lint doctors u, pressed against tlie roller by the screws s, fig. 345 ; any loose

throads from the piece are prevented by the lint doctors from going into the colour, and
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STh?blLl"pa;t%frr?llf^^°"' -^--^fyP-enting thorn from perfectly

boxoa iro mnn^f 1^
>

^^'^^^'^ 0" the pieco would onsuo. The colour

aro removed ?rom H, °li
' '''7'' " " '^"'^

^
the lower pair of colour boxes

a toothed wheTiJZ '^'PP^=^ °" '^'^'^^ "''^"'^^^l. ^'"^i^g into

Ld ^irnish ni rJl f ^."^"'^'"^e roller, which ensures the copper roller

ortho ax s of ''^'"T of an excei ric, fixedon tlio axis of the pressure bowl, and connected with each cleaning doctor a refnillr

^nnm?nl7 "T"''.'?'^
them, which prevents the doctor^einf™ Swnunequally. Sometimes for the highest rollers and especially in machLr of m^rethan four colours, the cumbrous colour box is dispensed withf and adX inserSin a curved frame is applied to the roller instead! In this arrangement the doctorforms the bottom of the «)lour reservoir, and is pressed strongly f^tho roS'the curved frame stopped off at the sides with a%iece of copper c^ved to firbothro ler and frame, and which is padded with a pieco of folded iStton cloth, forms thecolour box This doctor box takes but little room, and wastes but little colour but s

Z%l5 T^tuT"^""' -'l'"'-
arrangements can be shown in

Jiff. 3i5. The roll of pieces is shown at a, wound on the wooden roller b, the axis of>yhich rests m beanngs at the end of the arms. The piece is conducted under a
small wooden roller, next over a square iron bar, and next
against the scrimping bar y, thence over the wooden roller a-
round which also pass tlie grey piece d, and the woollen
blanket e. The scnmping bar is a bar of iron or brass, with
curved surface, furrowed by grooves, cut right and left from
the centre," as in fy. 347. In passing over this bar, the cloth

\..r^r.^.ri T A ,1. .
^^'^^^'^^^ ^l^ally from the centre, and any folds or creasea

removed. In order that the piece may be constantly stretched, the roller h is -providedwith a wooden pulley, round which passes a leather strap, one end of which is mada
last to the framework, and to the other is attached a weight ; the friction of the stran

stretched
a retarding action of the piece, and consequently keeps it

_

Fi^. 348 is an elevation of a 12-coIour machine, which is inserted to show the wav
in which all machines are driven. The large spur-wheel is keyed on the axis of the

348 ,

pressure bowl, and works into pinions staked on the mandrels ; there is a peculiarity
about these pinions, or box-wheels, as they are called, which may be observed in Jiff,

348, but is shown on an enlarged scale in Jiff. 349, which is a box-wheel detached.
This wheel may be compared to the fine adjustment of a microscope, as by means of it
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. . tliA final and dolicato adjustment so as to register accurately

^

VnetnotheT itcoSs essentLlly of t^o parts : the disc ^, carrying the cogs ;

Tod the hollow axis n, carrying a disc at

one side, and the connecting piece and.

Bcrew c D at the other. The part a a or

shell of the wheel, is about 1 0 inchesm dia-

meter and 3 inches broad across the cogs

;

one side of the shell is cut out to receive

the plate shown by dotted hues. Ihis

plate is provided with the hollow axis v,

Tvhich comes through the shell, and pro-

iects about 3 inches, the part projecting

being cut through at f f ;
fastened to it

also is the connecting piece c, m which

wks the screw d ; this screw just fits in

two projecting lugs gf, cast on the shell a.

The screw-nut e forms part of the axle

piece, ajid works in the slide H. When

this wheel is used, it is sUpped on the

mandrel which carries the copper roller,

and a cotter is driven through the cleft

axle and through a corresponding cotter

'n^L^S^TnSn"^^^^^^ and roller being put in the^ place

?n the macLe, the cogs of the mandrel wheel work into the mam driving wheels as

shownTnL 348. The coarse adjustment of the rollers being made when putting

Zm inthiir places, the fine adjustment is made by turmng the screw d. It ib

obvTois thai^the sc^ew ^, by pressing against the lugs a of the she 1 A, which la

eeSed into the driving wheel, will turn the mandrel and roller without moving the

Sirs Bv this arrangement, any roller may be moved round about 2 inches at any

time after being fixed in its place. AU machines of more than one colour are fitted

-with these wheels, which indeed are indispensable.
, , ^ j -di a

Ma 350 represents a 6-colour printing-machine as made by Mather and Piatt. A

is thebowl or cylinder ; b, copper printing rollers upon iron mandrels ; c, blocks, &c.,

360

or journals for carrying the mandrels and copper rollers, the blocks being adjustable

by screws for fitting the pattern ; d, setting up screws and levers for giving the

pressure of copper rollers on to the cloth being printed
;

e, framing of machine, with

nips or horns cast on, in which the blocks work ; f, white cloth to be printed running

from batch through the machine, and thence to the drying apparatus
; G, grey or

intermediate cloth; h, blanket or back-cloth; i, friction-wheel for drawing traversQ
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rbowlo??yliSor'Trl; lf"r°"'
Pnnting-maclnno of Mather and Piatt; a.yunaor, b, copper printing rollers on mandrels

; c, woodou furniBhing-

361

rollers, (one nip only shown in section); d, copper colour box, (one nip only shown
in section)

;
e, blocks or journals for carrying the mandrels and copper roUers, the

blocks being adjustable by screws for fitting the pattern
; f, setting-up screws for

givmg the pressure of copper rollers on to cloth being printed
; g, framing of machine

with nips or horns cast on in which the blocks work
;
h, the white cloth to be printed

running from batch through machine and thence to drying apparatus •
i grey or

intermediate cloth
;
k, blanket or back-cloth. The cuts here given with the excep-

tion of 348 do not show any gearing or connection with the motive power, as to
show this effectually several more drawings would be required, and the arrangement
will naturally suggest itself to those conversant -with mechanics. :

• The system of turning cylinder-machines, patented by Mr. Joseph Leese, possesses

'

several advantages. In this plan a small high-pressure oscillating engine is attached
directly to_ the axis of the large cylinder, thereby dispensing with the heavy gearing
and shafting required when machines are turned by a large stationary engine

;

the machine printer also has perfect command over the speed of the machine, and can
fit the pattern, when_ it is turning very slowly, with more convenience than on the
usual system. On this system also machines can be put down in any portion of the
works, and are independent of the stationary engine.

|

This system of turning is now employed in most modern print-works, or where new
machines have been put down.

I

Four-, five-, and six-colour machines, similar to the above, are now at work in many
establishments in Lancashire, which will turn olFa piece of 28 yards per minute, each
of the three or four cylinders applying its peculiar part of the pattern to the cloth as
it passes along, by ceaseless rotation of the unwearied wheels. At this rate, the
astonisliing length of one mile of many-coloiu'sd web is printed with elegant flowers

and other figures in an hour. When we call to mind how much knowledge and skill

are involved in this process, wo may fairly consider it as the greatest achievement of
chemical and mechanical science.

The printers of goods intended for hangings, which are generally of elaborate floral

designs, employ machines capable of printing from 10 to 20 colours at once. These
machines are necessarily of very largo dimensions. Fig. 352 is an end-view of a
20-colour machine, made by Messrs. Gadd and Hill, of Manchester for Mr. Kay, of
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Oastleton Print Works, and is omployod in printing vory beautiM floral patterns on

woolie^faS in imitation of those produced by hand-labour an France.

The general course of printing is thus performed :—The pieces to be printed are

wound on a beam, and, last of all, a few yards of common coarse cotton cajUco,

kept for this purpose: this is for the printer to fit the pattern on, to save good doth.

The roll of cloth being put in its place behind the machine, the printer s assistant

stations himself behind to guide the cloth eyenly, and pluck off any loose threads ha

may see. The machine printer stands in front, and, after having fitted the pattern

on the cloth, attends to supplying the colour boxes with colour, and regulating any

misfitting or inequality in the printing. The machine then prints rapidly. After

running through 30 or 40 pieces, the printer stops the machine, removes the doctors,

and files them anew to a bevelled sharp edge.

To prevent the blanket being too soon soiled, it is usual to run grey or unbleached

pieces between the blanket and the white pieces. The blanket, grey, and printed

pieces are dried separately. There are several ways of drying after the machine.

In the early days of machine-printing, the ' hot room ' behind the machine was heated

by a cast-iron furnace, termed the ' pot,' which was kept red-hot or nearly so, and

large cast-iron pipes formed the flue, which after traversing the hot xoom, delivered

the smoke, &c. into a chimney. This arrangement gave way to cylinders, similar

to those used in drying macliines and were also employed in conjunction with the

steam-chests hereinafter described for drying the printed cloth as well as the grey

or intermediate cloth and the blanket, but experience having shown that many
colours and mordants are injured by the sudden drying given by the cylinders,

these have been pretty generally abandoned in favour of steam-chests, in drying

with which, the printed cloth does not absolutely touch the heated surface, but

keeps moving on in very close proximity, the cylinders where they are retained being

reserved for the ' grey ' and the blanket. One of the most recent arrangements only,

is shown in fig. 353, being that of Messrs. Mather and Piatt ; a, the printing-machine

with copper rollers, (an 8-colour machine here shown) ;
b, place of steam-engine

to drive the machine; c, white cloth to be printed, running from batch through

machine, and thence to drying apparatus ; D, grey or intermediate cloth ; e blanket or

back-cloth ; f, framing of apparatus for supporting and carrying the rollers and steam-

chests
; o, hollow steam-chests or chambers, the same width as the machine, about 1

foot broad and 3 or 4 inches deep, and connected with one another by bent pipes ai

the end ; h, upright with tightening trough apparatus for blanket ; i, upright with
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353
t]glitcnirigjackapt)apatufi fot
blanket; k, jDlaiting appara-
tus for printed cloth; l, up-
right and batching apparatus
for grey cloth

; m, driving
puUies and straps for batch-
ing and plaiting apparatus.
The doctors used in clean-

ing off the superfluous colour
from the rollers, are gener-
ally thin blades of steel, of a
thickness varyingfrom,Wdof
an inch to ^,th of an inch, ac-
cording to the sort of engrav-
ing on the roller

; but some
colours, such as those con-
taining salts of copper, would
be too corrosive on a steel
doctor, and in this case doc-
tors of a composition like
brass are used. They are
filed_ to a bevelled edge, and
require to be retouched with
the file after printing from
10 to 30 pieces. The cylinder
or drum, in contact with
which revolve the copper
rollers, is wrapped round
with a cloth called ' lapping,'
which is generally a coarse
strong woollen cloth of pe-
culiar make, and is folded
tight on the cylinder about
i an inch thick. The blanket
is next put on and drawn
tight : this blanket is a very
important part of the ma-
chine ; it is a thick woollen
web, about 40 yards long,
and requires to be made with
great care, so as to be uni*
form in texture, thickness,
and elasticity. If the blan-
ket is uneven, it has the effect

of throwing the pattern into

confusion at the uneven
places.

A good blanket will serve
to print 10,000 pieces, being
washed whenever loaded
with colour, and then is

suitable for covering the

tables of the block printer.

In the year 1835 Messrs.
Macintosh and Co. patented

an India-rubber blanket,

which consists of several

thick cotton webs, cemented
together with dissolved

India-rubber. This blan-

ket is very useful and eco-

nomical for some purposes

;

the surface being very
smooth, great delicacy of

impression is obtained, and
when soiled it is not ncces*

pary to remove it from tha
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,<= nnfiilv washed by being passed through a special -washing..

,„acli ne. ^ ""J^^^^^'described subsequently. An India-rubber blanket

machine which ^1 beM
^ ^^^^^^^ ^^^^

P"". vS bS uJo lower. Several descriptions of these blankets are

irMossrs. Macintosh, some of them having a coating of vulcanised India-

niade
^yj^^f'^ce that is printed from, thereby giving a still more elastic

rubbor °^^^'J^;\^l,^^^^ has been recently made in these India-rubber

n nil brsSng o^r preparing the cotton previous to cementing, according to the
blivnkets -r-f_ Mercer viz by soaking in strong alkali, and afterwards
patent process

the fibre to a certain extent, and the

in dilute sulphuric acid
,
this process^ °°

of stiineth When made into blankets they

and consequently many
"J^^J^^"/^ '

J^P^
others, and are now in general use.

S'3isr»dthMS 'Sn.irrfabric can b. conducted five ttoes though

fonse?uentl^ one piece of grey cloth is used to print V^'^'lSf,.]^^^' ^^^S
T,Prcha pressure cylinders, or ' bowls,' have been suggested by Dalton, an English

?rSer ;TutThough theoretically preferable to iron, they do not appear to be much

"'in printing with aniline black (No. 240), the grey intermediate cloth, unless

removed frSSthT machine without drying in the 'hot room.' and befora this peculiar

354

black has begun to form upon the cloth, will be stained and spoiled for future printing

upon, in consequence of the extraordinary fastness of this colour, which .resists the

ordinary bleaching operations ; and this is the place to describe a very simple

arrangement for wetting- the grey pieces, after they have served their purpose, and
thus preventing the formation of the black. The arrangement {fg^ 354) is that in use
at the On'oEtal Print Works at Apponaug, in the. United States, a is the .printing*

Vol. I, R R
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machine cylinder
;

n, the roll of white cloth, and cloth passing through the machine,
and hot room, and being plaited down

; c, the blanket; d, the roll of grey cloth, and
grey cloth passing twice through the printing-machine, and then through the wetting
machine ; e, a wooden roller working in a water trough

;
r, water trough, with a

stream of water kept running through it
; g, shell upon which the grey cloth is wound

after passing througli the water
; h, gallery above the machine where the printed cloth

is plaited down
; i, platform for putting up the grey rolls. Mr. Furuival of Haslingden

has introduced a machine forwasliing India-rubber blankets: Jig. 365 is a longitudinal
section, 356 a plan, 367 is a side elevation, and 358 a cross section, a, an iron cistern

containing water, and forming the framework of the machine
; b, circular brushes,

with a pulley keyed on the end of each ; these brushes are turned by a strap from the

358

main driving-shaft c, through the carrier pulley d, by a strap as shown in the dotted

line E, so that the brushes may revolve in opposite directions ; f are squeezing rollers

of brass or wood, also turned by a strap from the driving-shaft c. Clean water is

supplied to the machine by being spirted upon the blanket before entering between

the squeezing rollers f. The blanket on leaving the printing-machine charged with

waste colour, enters into the machine and is passed through, as shown by the line o,

under and over the adjustable guide-rollers g, and is brought into contact with the

revolving brushes, and leaves the machine by the squeezing rollers f; it is then onea,

and returns again to the printing-machine.

The thickening of mordants and colours is a subject of very great importance to

the printer. It is obvious that a more solution of salts or colouring matters, such as

used in dyeing, cannot be used in printing a pattern
; f^P^^'^^ ^^^^f

causes such a solution to spread beyond the limits of the pattern, and nothing but

confusion is the result. A proper degree of inspissation is then essential lo the

capability of very thick colour being printed by engraved plates or rollers under
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«A,rfirn Dressure is due the superior smartness of outline characteristic of goods pro-

HnPfld bv these means. Whore colour can bo laid on the outside of the cloth, so as to

^nfiferate as little as possible to the other side, much brighter shades are produced.

Tn order to obtain the most brilliant shades of colour, it is necessary that the cloth

lot as a sort of mirror behind the colour, which cannot be the case if the fibre is

^rfoctlv saturated with colour. Independent of this, a great economy of colouring

material follows from the proper appHcation of the colour or mordant to the
_
face

onlv This is especially noticeable in madder goods, where the mordant, if printed

in excess, is apt to give up a portion from the cloth in the dyebeck, thereby con-

suming a'certain quantity of madder in pure loss.

The colour-house should be a spacious apartment on the ground floor, with the

roof ventilated in such a manner that the steam produced finds a speedy exit; at

one end, or down one side, is fixed a range of colour-pans, varying in size, and sup-

plied with steam and cold water. Colour-pans are usually made to swing on pivots',

whereby they are easily emptied and cleaned. A range of this sort, as manufactured

by Messrs. Storey & Co., of Manchester, is represented in Jiff. 359. This range con-

359

360

361

sists of 8 double-cased copper pans, containing from 1 to 28 gallons, riveted together
at the top, wired at the edges, and made perfectly steam-tight ;

they are supported on
cast-iron pillars, and are so arranged or fitted as to swivel or turn over when the
colour is required to be emptied, by means of a brass stufiB.ng-box attached to pan,
and working in the corresponding part attached to pillar on the one side, and moving
at the other on a plain brass nozzle, supported by a pedestal projecting from pillar,

the nozzle having a blank end, thereby cutting off the communication of steam, which
is carried to the following pan. They are also supplied with a condense-tap to carry
off the waste steam and water. Each pillar in the range, except the last, is supplied

with a brass tap on the top, with 3 flanges, to connect the steam and cold water pipes,

as more fully explained hereafter,

Xyjiff. 359, is a copper pipe, with one blank end, and open at the other with flange

for the admission of steam, which passes through the downward-bent pipe marked b,

in connection with the brass tap on top of pillar, the plug of this tap being open at
bottom to admit the steam down the pillar as far as the stuffing-box, marked b,

through which it rushes into the casing of pans, and out by the condense-pipe d,
when required, c is a copper pipe, with one blank end and open at the other, for the
admission of cold water for cooling the colour after boiling, and is likewise connected
with the tap on top of pillar, as shown in fig. 360, marked/, the water passing through

Tl R 2 . .
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meet tho brass

BM'ivol tap, for

precisely in the same manner as

the steam in a. d is the condense-

pipe, with one blank end and open

at the other, with flange, under-

neath the pans, to carry off the

water or steam, and is supplied

with ground brass nozzles to fit

the condense-tivp at bottom of pan,

being accurately adjusted, so that

in tlie swiTolling of pan it leaves

its seat and returns perfectly

steam-tight. Fig. 360 represents

an end-view of range, showing

more, fully the position and con-

nection of steam and cold water

pipes to brass tap, the cold water

pipe running along back of range,

the steam -pipe above, parallel

with centre of pans, and the down-

ward-bent pipe in front ; and like-

wise the stoppage in pillar,^ so far

as is necessary, there should bo an
— aperture for tho steam or water to

stuffing-box. In this U is also shown tho copper pipe, ^'ith elbow

supplying pans with cold Avater (ono pipe, to supply two pans), and
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4x A^ry tnr>oi cold watcr pipe exactly opposite piUar, as further shown in Jig. o61

^l«d%^^<7 362Ts an end-view of range, ^vith piUar cnt, m order to show the
markeaff. 3' . . bottom oi pan, and its connection with condense-pipe, and

^
hirthei of se^lra^^^^^^^^ place in swivelling, by the line marked It

^^ft cnArbvL foreeoing that the process of boiling and cooling is rapid and

reriiin! ev'ytl^ bet?S^^^^ adjuLd and steam-tight throughout the whole

""Thfcolours are placed in these pans and stirred well all the time they aro being

boned- good stirring is very essential to produce smooth colours This was^ for-

xnerly dole by handlith a ^t stick, but lately the best pn^^t wks ^ave been fitte^^

S mac^neVy over the pans to stir mechanically. A very effective plan of this sort

TveSesSin fgs. 363 and 364. It is that of Messrs. Mather and Piatt, of Man-

Ser the bo ei^in tiiis drawing being not reversible, though the plan can be just

areaS y adapted to that description of pans. Fig. 363 is a front elevation
; ^^

364

is a t ansvers^e section, and^J^. 3^65 is a sectional plan, the
f^^.^If^^fJJ^.^e,^ ^

a is a horizontal shaft above the pans, fitted with a pair of nutre wheels 6 6, for each

Jan. The vertical wheel b is not keyed on the shaft a but is brought into connection

^ith it when required by the catch box c, which slides on a key on the shaft, and

devolves with it (see cuts); the catch box is worked by a lever-handle d, and

motion is given to the vertical shaft . The shafts a
^-^.Tv^hl framTaT.

bythe framework/, fastened to the wall; the shaft e is tenninated ^7 the frame ^A^s

the centre of which, h, is a continuation of the shaft e; and the wings ^

carry the shafts /t, which are surmounted by the cog wheels 1 7, which gear into a cog

wheel I on the shaft e. The agitators n n are made of flat brass rod, and are curved

to fit the bottom ;
they aro connected with the shafts A by a hook joint, which is

steadied by the conical sliding ring m ; the agitators thus hang from the shaft e, and

nearly touch the bottom of the boiler. When the shaft c is put in motion, the

agitators have two movements, one round each other, and also each on its own axis
;
as

they are set at right angles to each other, as shown \nfig. 365, it follows that no part

of the pan can escape being stirred. When the colour is made, the piece m is shd up

on k, and the agitators unhooked and taken out, the waste of colour being very

trifling, in consequence of the agitators being outlines only. The saving^ of labour

effected in a colour-house by this machinery is very great, as, after turning-on the

steam, the pan may be left to itself till the colour is finished.

From the great variety of substances used in mordants and colours, of very different

chemical properties, a variety of thickening substances is required. Chemical com-

bination between the mordants or colour and the thickening substance is to be avoided

as much as possible, for such combination may bo regarded as so much pure loss, the

fibre of the fabric not being able to decompose and assimilate them. Several circum-

stances may require the consistence of the thickening to be varied ; such as the nature

of the mordant, its density, and its acidity. A strong acid mordant cannot be easily

thickened \vith starch ; but it may be by roasted starch, vulgarly called British gum,

and by gum arabic or Senegal. 'Some mordants which seem sufficiently inspissated

with starch, liquefy in the course of a few days ; and being apt to i-un in the printing-

on make blotted work. In France, this evil is readily obviated, by adding one ounce

of spirits of wine to half a gallon of colour.

The very same mordant, when inspissated to different degrees, produces different

tints in the dye-copper ; thus, the same mordant, thickened with starch, furnishes a

darker shade than when thickened with gum. Yet there aro circumstances in whiclj
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tho lattor is prdfoMed, tocauso it communicates more transparency to the dyes, and
bacauso, in spito of tho washing, more or less of the starch always sticks to the
mordant. Gum has the inconvenience, however, of drying too speedily, and forming
a hard crust on tho cloth, which does not easily allow tho necessary capillary attrac-
tion to tako place, and tho tints obtained arc thin and meagre. Tho substances gene-
rally employed in tliickening are :

—

1. "Wheat flour.

2. "Wheat sbxrch.

3. Torrefied wheat starch, or British

gum.
4. Torrefied potato farina.

5. Gum substitutes or soluble gums.
6. Gum Senegal.

7. Gum tragacanth.

8. Salop.

0. Pipo-clay or china-clay mixed
with gum Senegal.

10. Sulphate of lead.

11. Molasses.

12. Dextrin.

13. Albumen of eggs.

14. Lactarino.

15. Gluten.

16. Glue.

Those most used are tho first seven. The rest are only adapted for special styles or

colours. The artificial gums produced by roasting starch or farina are very largely

in use. Tho action of hoat on starch causes a modification in it. According to tho

degree of heat and its duration a greater or less modification ensues ; the higher the

heat, the more soluble in water the gum, but also the browner and of less thickening

properties. The addition of various acids and alkalis to starch or farina before cal-

cination causes them to become soluble at lower temperatures than without : different

acids also produce different results ; those most generally used are nitric, acetic,

muriatic, oxalic, and recently lactic acid has been proposed by Pochin. The propor-

tion of acid used is very small, and, though the effect is produced, the acid disappears

during calcination. Small quantities of alkalis are also used for special modifications

of these gum-substitutes. The making of these gums is a distinct branch of trade,

and finds employment for large capital and numerous hands. In giving the receipts

for the various colours, care will be taken to specify tho nature and proportion of

thickening to be employed for each colour ; a most important matter, often neglected

by English writers upon calico-printing.

It is often observed that goods printed upon the same day, and with the same

mordant, exhibit inequalities in their tints. Sometimes the colour is strong and decided

in one part of the piece, while it is dull and meagre in another. The latter has been

printed in too dry an atmosphere. In such circumstances a neutral mordant answers

best, especially if the goods be dried in a hot flue, through which humid vapours are

in constant circulation.

In padding, where the whole surface of the calico is imbued with mordant, the

drying apartment or flue, in which a great many pieces are exposed at once, should

be so constructed as to afford a ready outlet to the aqueous and acid exhalations. The

cloth ought to be introduced into it in a distended state ; because the acetic acid may
accumulate in the foldings, and dissolve out the earthy or metallic base of the mordant,

causing white and grey spots in such parts of the printed goods. Fans may be em-

ployed with greater advantage, combined with hot flues. See Ventilation.

The mordant and thickening, or the dye decoction and thickening, being put in one

of the copper pans, is stirred by hand or machinery and boiled till perfectly smooth

;

the steam being then shut off, cold water is adniitted to the double casing, and the

colour cooled. It is then emptied out of the pan into a straining cloth, stretched over

a tub, and strained to remove all gritty particles, which would be very injurious to the

copper rollers. A very useful straining machine was invented a few years ago by

Dollfus Mieg and Co. and patented in this country. This machine is shown in

fig. 366. It consists of a case or cylinder, in which a piston is worked, either by

hand or power, to press the colour through a cloth made of cotton, linen, hair, or

. other suitable material at the bottom of tho case or cylinder ; or, instead of the said

cloth, a wire gauze may be used. The bottom of the piston may be made of wood,

copper, brass, gutta percha, caoutchouc, or other suitable material. The manner of

working tho apparatus will be clearly understood by reference to the drawings, in

which yiff. 366 is a side elevation of the said machine or apparatus, M\Afig. 367 a front

elevation of the same, a represents tho case or cylinder, which is strengthened at

DV tne lour noons C. XO Uiseugagu uie jjiai,o u, oyiixifeo 1.x-
.
u .

act upon two of the hooks c, so as to throw them out from under the gudb Lpon

the ring a tho second ring d is laid, which supports the circular handle e. The up^)er

parte of the four hooks c lie upon four inclined planes fitted on tHe ring d. Ilie
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Wms overandi is as follows :—If the ring tZ is turned right or left, the skeleton plate

rTnwKch one of the said cloths or wire gauze has previously been placed, -mil be

hrmiffht firmly up to the extremity of the cylinder a ; and if the said cylinder be filled

r,n-th colouring matter, the piston m, being worked by the pulley e, the wheels k, g,

j'^^aS'the rack r, wiU force it through the cloth or sieve to be received in

vessel under it for the purpose ; and by a proper arrangement of the teeth of the said

rack 1 the piston can only descend to any required point in the cylinder. To faci-

litate the working of tlio apparatus and increase its general efficiency, the cylinder js

fixed on pivots at n, so that it may be easily inclined or brought towards the operator

for the purpose of introducing the colouring matter or cleaning the vessel. To the

ring or band b are fixed the two handles /and the two catches h. The catches being

raised from the notch k on the frame p, the cylinder may be pulled forward by means

of the handles/, till the hooks, being acted upon by a spring, re-engage themselves

at h on the lower part of the frame p, and vice versd. On the shaft x is placed aeecond

"wheel Q, by which a reverse motion is obtained, and the piston ai raised to ita origiiial

position.

A straining machine patented by Samuel Kidge and Co. of Manchester has been

introduced into some of the largest print works in Lancashire, and is very favourably

Bpoken of {figs. 368, 369, 370, 371).

FHg. 368, sectional view of strainer; fig. 369, ground plan, showing tiievo, paddle
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and Colour-tub ; fig. 370, ond olovation of pumps
; fig. 371, Bido elevation of pumps

;

A, Hd levor and balance weight
;

ji, cylinder for liolcling colour ; c c, piston for sup-
porting copper sieves, for the colour to pass through

;
n, ram for raising piston

;
e,

hydraulic cylinder
;

f, floor-lino ; o o, trough for conducting colour to tub ; h h,
paddle for stopping colour whilst changing tubs ; i i, colour tubs

; j, fixing for balance
to rest on whilst filling with colour

; k, for fastening down lid; r., valve for raising
and lowering piston

;
m, end elevation of pumps, showing safety valve, cistern, and

fly-wheol ; n, side elevation, showing cisterns, pumps, fiy-wheel, fast and loose puUies,

368

36

and strap guide ; o o, showing the ends of pipes that require connecting together, let

the distance bo whatever it may between the pumps and strainer; p, foundation

plate. Whore two letters together are alike they refer to both sectional view and

ground plan. This strainer will strain 80 gallons of thick colou in four minutes, and

be washed out ready for any other sort of colour in six minutes.

Colours for printing by block are for the most part thickened in the same manner

as those for machine, but are much thinner, since very thick colour cannot be applied

by block. Some substances also can bo used in block printing that .-iro inapplicable

to machine, such as pipe-clay and china-clay, whicli, however fine y ground, still

contain gritty particles which would speedily scratch and destroy the delicate engraving

of the machine rollers.
, ,, .i j j „

A spacious drug-room is attached to the colour-house where all Uie drugs used are
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Formerly, all the decoctions and mordants used in print-works were made on tlie

spot ; but the trade having very much extended, the manufacture of the various

mordants and decoctions of dyewood is now a separate business, and printers can be

supplied with these articles at the same or in some cases a lower rate than they could

be produced for on the works, the quality also being uniform and good. The printer

now only makes for himself a few unimportant articles. The province of the foreman

colour-maker, who is generally a well-paid and responsible servant, is to combine

these primary materials so as to form the different colours required for the different

styles of work ; as the taste of customers varies, he is required to be able to make any

given variation of shade at will, and be able to judge of the quality of the various

materials submitted to him. The ordinary decoctions that are kept in stock in the

colour department are :

—

Logwood liquor.

Peachwood liqiior.

Sapan liquor.

Q,uercitron-bark liquor.

Gall liquor.

Persian-berry liquor.

Cochineal liquor.

Pustic liquor.

Catechu liquor.

And the various mordants and solutions are ;

—

Red liquor, or acetate of

alumina.

Iron liquor, or acetate of

iron.

Buff liquor, or pyrolig-

nito of iron.

Pernitrato of iron.

Pcrniuriato of iron.

Protom\iriato of iron.

Protochloride of tin in

solution.

Oxymuriato of tin in solu-

tion.

Nitrate of copper in solu-

tion.

Acetate of copper in solu-

tion.

Lime juice.

Ammonia liquor.

Ammoniacal cochineal

liquor.

Extract of indigo.

Extracts of madder.

Acetic acid.

Pyroligneous acid.

Nitric acid.

Muriatic acid.

Sulphuric acid.

Caustic-soda liquor.

Caustic-potash liquor.

Aniline hydrochlorate.

Aniline.
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1. gadder sU/lcs, varieties of which are—

black and ro^tlt^ri'' 1^''''^" Pf!"^?'^ ^" "^^'•^^"'^^ ^^ito ground, such as

times subsdtu;od fis? I'^^'^iPf"^
''^"'^

^'^^'«> ^h«co^to being some-

df ^^^"^ introduced
; thL are

add t"intS''in?W fll''''°H
^^"'^'^'^ ^^"^^^ Hme-juice, technically termed

Zn dyed rn;cS. f^te^^^^ted al over or in purple or light chocolate,

rSt wlfn? 1
•

Ji f^ ^ P^^^^i^"^ termed mi.^ red ; and theresult when dyed is tliat the acid and red have prevented the purple or Hiocolat^

^e7K„ "^""fl
P^>re and the acid having formed a ulutl?tl^rest of the ground being covered with the fine pattern or cover ; of this style We

quantities are printed in black, purple, and acid, and covered n paler Xle thecoyer roller being any small full pattern, and this not being required to fit toKtherpattern, a great variety of effects may be produced by var^ng the coverfoYton a stSweaker purple is padded or blotched in a plain shade all over the piece, and in this Ssethe only white in the pattern is that reserved by the acid

'Y^'^ ^^f^ '"''^'^^y of ^eds or pinks, and isprinted in one or more shades of red and acid, then covered or blotehed in kle red,then dyed madder and subjected to a peculiar clearing with soap, whereby pink shades
of very great delicacy are obtained.

i-'
.

J i ojiauco

All these are what are termed /a,5i colours, and having, after dyeing, undergone
severe soaping, cannot be altered by the usual domestic washing process
In this category must now_ be classed goods, mordanted as for madder, but withweaker mordants, and dyed with alizarine artificially made from anthracene, which

produces shades equal if not supenor to those dyed with madder, and which do not
require as much soaping or other brightening process as madder. At this date it
cannot be absolutely affirmed that these colours are as fast to light and air as those
of madder, biit inasmuch as the alizarine of the purest sorts of the artificial product
is identical with that of madder, it is almost certain that modes of dyeing, &c , will
^^^°tua,lly used which Avillgive a result identical in every way with madder dyeing.

li. The same styles are dyed with garancin instead of madder
; heavier and darker

colours being employed. These goods are not soaped, garancin producing bright
colours at once

;
but the shades, though still classed as fast colours, do not possess the

permanence of those dyed with madder.
III. The first style is frequently relieved by lively colours, such as green, blue,

yellow, &c., blocked in after dyeing and clearing ; these colours are generally what
are termed steam-colours, being fixed by steaming the cloth, and afterwards washing
in water only, or the printed or dyed pattern is covered with a resist paste blocked
on, and various shades of drab, slate, buff, &c., printed with a small pattern all over

;

sometimes these colours are mordants, to be subsequently dyed with cochineal, quer-
citron bark, &c., or they may be colours composed of dyewood decoctions, mixed with
mordants, and are fixed by passing through soda or other solutions; the result in
either case being that the original pattern, generally a group of flowers, being pro-
tected by the paste which prevented the subsequent colour fixing there, stand out
pure, the rest of the ground being covered by the small pattern or cover. White may
be also reserved by the paste, and frequently these white parts are blocked with blue,
yellow, green, &c., as before.

IV. 'Padded styles.—In these the cloth is first padded (as will be hereafter explained)
all over with a liquid mordant, dried and printed in spots or figures with strong acid,

or discharge as it is called, then put through the dyeing operations necessary for the
shade required ; the printed spots remaining white, and the rest of the piece one
plain shade. The white portions are frequently relieved by steam-colours blocked in.

V. Indigo-blue

:

—a style of considerable importance. In this, a resist paste, eitlier

alone or accompanied by resist yellow, or orange mordant, is printed on white
calico, which is then dipped in the indigo vat, till the shade of blue wanted is ob-

tained. If yellow or orange is present, these colours are raised with bichromate-of-

potash liquor. The peculiar colours printed in this style have the property of pre-

venting the indigo fixing on the printed parts, and the result is dark blue ground, with
white, orange, or yellow spots, steam-colours being sometimes blocked in the whites.

"VI. China-blues

:

—a modification of the indigo-blue style, but in this case the pattern

is produced by indigo colours, printed on white cloth : the pieces are next put througli

a peculiar process, fixing the indigo in the cloth, the result being blue figures on
wlute ground. All indigo styles are fast or permanent.
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VTT ISirlcmi red and discharge.—On dyed Turkoy-red cloth is printed an acid, or

•

1 «olntions mixed Tvith pigments or salt of lead ; the printed pieces are passed

fh!v^^„Th ohloride-of-lime solution, when chlorine is eliminated by the acid colours, and

r Ses the red The pigments or lead-salt being fixed in the cloth at the same

iimA after washing and chroming where yellow has to be obtained, the piece

™nts a pattern, bitten as it were in the Turkey-red ground. Black is also printed

alone with the other colours. A modification of this style is the well-known Ban-

danna style used for handkerchiefs. Turkey-red cloth is folded m a hydrauhc press

on a lead plate perforated with a pattern. When a sufficient number of folds are

made on this plate, a precisely similar plate is put on the top so as to register accu-

Selv with the bottoni one
;
pressure being now apphed, the cloth is squeezed tightly

between the two plates, a tap being opened above the upper plate, solution of chlorine

is forced through the perforations, and in its passage through the cloth, discharges

the dye ; the chlorine liquor is followed by water, and the operation is finished
:
the

pieces when removed from the press being discharged, according to the pattern of the

^^^YHl^^sieam-colours.—In this style colours are formed from mixtures of dyewood ex-

tracts and mordants, together with various acids and salts, and being printed on calico

which has been mordanted with peroxide of tin, the pieces are exposed to steam at i\Z

in close vessels, which causes an intimate union of the calico with the dyewood extract

and mordant, so that subsequent washing with water removes only the thickening sub-

stance, and leaves the cloth dyed according to the pattern in various colours. Woollen

fabrics and de-laines are always printed in this manner, and also often silk
;
animal

fabrics not being well adapted for mordanting and dyeing in the same manner as

cotton fabrics, owing to the peculiar property of wool to absorb colouring matt6rs,

which renders the obtaining of whites, an impossibility where the wool is steeped in

a dye decoction. These steam-colours are very brilliant and tolerably permanent to

light, but do not withstand hot soap solution, which alters their shades.

The invention of the superb colours made from aniline, which only dates from 1856

has caused a considerable alteration in the composition of steam-colours ; far more

beautiful shades are now produced from aniline colours than formerly was possible

from dyewood decoctions, and though not faster, in many cases not so fast to light

as these, some of them will bear a slight soaping with improvement in their tone.

Within the last five years the colouring matter of madder extracted in a tolerably

pure form has been successfully applied as a steam-colour, various shades of red,

pink, chocolate, and purple are produced from extracts of madder mixed with

aluminous, ferruginous, or chromous salts of volatile acids and the colours thus com-

posed are thickened, printed, and fixed by steaming. These colours, when properly

made and fixed, are as fast to soap and light as those of maddered dyed goods. Still

later the alizarine artificially made from anthracene has been' applied to the same
purposes as extracts of madder.

IX. Pigment-printing.—The colours in this class are the same pigments as used by
painters, such as Scheele's green, ultramarine blue, chrome yellow, &c., and being

•quite insoluble in water are, so to speak, cemented to the fibre. The vehicle used

for fiidng these, is generally albumen, which coagulates when the cloth is steamed, and
imprisons both cloth and fibre with the coagulum ; of course these colours, though not

altered in shade by soap, are detached in part by severe treatment, such as rubbing, &c.

The last two classes melt into each other in the very beautiful steam chintz styles,

where aniline black (described hereafter), madder extract or alizarine reds, pinks, and
purples, pigment green, blue, or other pigment shades, and aniline violets are simul-

taneously printed, fixed by steaming and soaped, thus producing delicate pattern's

which under no circumstances could be done by madder dyeing, aided by the subse-

quent introduction of steam-colours. When albumen is used in sufficient quantity for

the pigments and aniline violets, these colours are quite as fast as those with madder
extract or alizarine, and even compare favourably with madder-dyed shades.

X. Spirit-colours are made in somewhat the same manner as the steam-colours, but
contain larger quantities ofmordant and acid, and would not bear steaming, because the

calico would be too much tendered by the acid, and are therefore only dried and hung
up a day or two, and then washed in water. They are the most brilliant colours, but
generally fugitive, and are not much used.

XI. Bronzes : formerly a style in large demand, but now almost obsolete; done by
padding the cloth in solution of protochloride of manganese, precipitating the oxide
by means of alkali, peroxidising this by chloride of lime, and then printing on
colours composed of protochloride of tin and pigments or decoctions ; the protochloride
of tin immediately deoxidises, bleaching the brown oxide of manganese, and, where
mixed with decoctions or pigment, leaving a dyed pattern cutting through the ground.
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First Style : Madders.

Madder styles being tho most important, demand the moBt detailed doscriptionu.
ino colonrs used are of tlio class termed mordants, which, not colouring matters them-
selves, act by combining with both cloth and colouring matter. They are generally
tho acetates or pyrolignites of iron and alumina.

lied Liquor \b t\\Q tochnicjil name of tho pyrolignito of alumina used as mordant
for rod, &c. See Eed LiQuon.

Eesist-red Liquor is a pyrolignite of alumina which contains little or no sulphates,
and has tlie property of not being decomposed by protochloride of tin to bo great an
extent as tho ordinary Eed Liquor.

Iron Liquor is the pyrolignite of iron used as mordant for black, purple, &c.
It is made by steeping iron borings, turnings, or thin pieces of scrap iron in crude
pyroligneoiis acid (see Acetic Acid, and PYKOLiaNEous Acid), occasionally allowing
access of air to the iron by drawing off tho liquor and pouring it upon iron contained
in another vat, the two vats being thus alternately full of liquor, the iron becoming
oxidised by tho air when uncovered is more easily dissolved. This iron liquor is not
a mere solution of acetate of iron ; such a salt would be of little use as a printer's
mordant, being decomposed and peroxidised by the air with too great rapidity. It
contains, in addition to the protoacetate of iron, the various substances found in the
crude pyroligneous acid, such as pyrocatechin, pyroxanthogen, empyreiunatic oil, resin,

furfurol, creosote, &c., which substances have a strong affinity for oxygen, and tend to

prevent the acetate of iron passing into a peroxidised state. The preparation of these
liquors on a large scale forms a separate business.

Fixing Liquor.—For a long time it has been customary to add to black and purple
colours, or mordants, some substance which has a tendency to prevent the oxide of

iron from passing to the state of peroxide. The oxide of iron necessary to produce
the best results with madder is a mixture of protoxide and peroxide of iron, pro-

bably the black or magnetic oxide, though this point is not precisely determined. If

the oxide should pass to the red oxide state, inferior shades are produced ; and the

object of the printer introducing fixing liquor into his colour is to prevent this injurious

tendency.

Tho earliest fixing liquor used was a solution of arsenious acid; and though other

fixers have from time to time been introduced, the preparations of arsenic still hold

their ground. A very good fixing liquor, that has been much used in France and
England, is made as follows :

—

No. 1. Purple Fixing Liquor.—7i gallons water, gallon acetic acid, 91bs. sal-

ammoniac, 91bs, arsenious acid ; boil till the arsenic is dissolved, and let stand till

quite Qlear.

In 1844, Mr. John Mercer patented an assistant mordant liquor for the same pur-

pose, which was made as follows :

—

No. 2. To 100 lbs. potato starch, add 37^ gallons water, 123 gallons nitric acid,

specific gravity 1'3, and 4 oz. oxide of manganese. The chemical action which takes

place amongst these ingredients is allowed to proceed till the nitric acid is destroyed.

To the residuum thus produced are added 50 gallons of pyroligneous acid, and the com-

pound is the assistant mordant liquor in a fit state to add to the various mordants used

in printing and dyeing. The intention in making this liquor is to carry on the de-

composition of the nitric acid and starch as far as possible without forming oxalic

acid, and as little as possible of carbonic acid, which is greatly aided by the catalytic

action of the oxide of manganese, preventing the formation of oxalic acid. Appa-

rently there is formed by this process saccharic acid, or an acid in a low state of

oxidation, which is the active agent in preventing the peroxidisement of the iron

when added to purple mordants. This liquor has been largely used, and is still pre-

ferred by some printers. Of late, various fixing liquors have been made and sold by

manufacturing chemists, pyroligneous acid and arsenious acid, or arsenite of soda,

forming the staple of them ; some of these have chlorate of potash added, tl\e object

being the formation of arsoniate of iron when the cloth is dried, whereby the acetic

acid is more speedily driven off; and since arseniate of iron does not pass beyond a

certain degree of oxidisement in tho air, the mordant is kept in a proper state for

dyeing good colours. The follo\ving is also a good purple fixing colour :—

No 3 Picrple Fixing Uquor.—BoW together till dissolved 2 gallons water, 25 lbs.

soda crystals, 221- ibs. arsenious acid. When dissolved, add t« 50 gallons wood acid,

previously heated to 120° F. ; let stand for a day or two till the tar of the acid is

settled, and add 3 quarts muriatic acid. wi i i *

Tho following madder colours are from some in practical use; and though almost

every colour-maker has different receipts for his coloui-s, tJiey may be taken to re-

present the general principles on which these colours are composed.
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Tn M these colours the thickening substance is first beaten up with a little of the
In all tneso Luiuu

lumps, then the remainder of the liquid added,

'Tie Xlo Secfan? stin-eTin on'e 'of the double-cased steam-pans till quite
and the .

'^To'4'
mlif^MS^ne\Madder).-A gallons iron liquor at 24° T., 4 gallons

.LnVous acid. 4 gallons water, 24 lbs. flour ;
boil, and add 1 pint oil.

^^N^riLT/or ffara^c^
,,on bquor at

24° T 1 V gallon pvu-ple A-xing liquor (No. 3), 24 lbs flour, 1 pint oil.

No 6. llr/l-ri/or Madder iMackine).-l2 gallons red liquor at 18° T., 24 lbs.

%o 7 me reds for Madder iMachi7ie) are made by reducing the standard liquor

No 8 ^^th gum-water to the shade wanted: for instance, No. 3 pale red is 1 ot

""•ifo'r'lfiXS^'Sg^.^^^^ gallons hot water, 40 lbs. alum. 25 lbs. white

of leid rake up till dissolved, let settle, and decant the clear.

No ? rlfi.. Water.-lO gallons water, 30 lbs. gum-substitute.

No. 5 in the list of thickeners; j v loo m
No 10 Bark resist-red Madder (Machine).-12 gallons resist-red liquor, 18 T..

24 lbs flour ; boil, and when nearly cold add 12 lbs. of muriate-of-tm crystals

No 11° Bark resist-red Machme.-Same as No. 10, but 6 lbs of tm crystals only

Of these last two, No, 10 is used when it.has to resist a chocolate cover, and No. 11

when it has to resist a purple cover.
, , , •, . j t

No 12 Pale resist-rcd Madder {Machine).—mde by reducing resist-red liquor

with water, and thickening it. Por instance, No, 5 pale red: 12 gallons resist-red

liquor at 5° T.. 9 lbs. flour ;
boil, and add, when cool. 2 lbs. tin crystals

No 13 Chocolates are made from iron liquor and red liquor mixed, and the red.

liauor is a multiple of the iron; as, for instance, 3 chocolate {madder) {machine):—^

gallons iron liquor at 24° T., 9 gallons red liquor at 18° T., 24 lbs. flour, 1 pint oil.,

No. 6 Chocolate :—l gallon iron . liquor at 24° T., 6 gallons red liquor at 18 i.,

^^'^Q.'u!^%r(mff^r°dj'or Garancin (Machine).—10 gallons red liquor at 18° T., 2

gallons water, 24 lbs. flour. „ . , , v- .

No. 15. Besist red for Garancin {Machine).—12 gallons resist-red liqupr at

14° T., 24 lbs. flour ; boil, cool, and add 9 lbs. tin crystals. This for resisting choco-

late.

No. 16. Eesist redfor Garancin (Machine).—12 gallons resist-red liquor at 14° T.,

24 lbs. flour ;
boil, cool, and add 4i lbs. tin crystals. This for resisting purple.

No. 17. Brown Standard for Madder.—50 gallons water, 200 lbs. catechu; boil 6

hours', then add 4-J-
gallons acetic acid, and add water to make up to 60 gallons ; take

out, and lot stand 36 hours, and decant the clear ; heat it to 130.° F., and add 96 lbs.

sal-ammoniac, dissolve, and leave to settle 48 hours ; decant the clear, and thicken it

with 4 lbs. gum-Senegal per gallon.

No. 18. Brown Colour for Madder {Machine).—4 gallons No. 17, 1 gallon acetate

of copper (No. 19), 2 quarts acetic acid, 2 quarts gum-Senegal water, 4 lbs. per

gallon.
.

,

No. 19. Acetate of Copper.— I gallon hot water, 4 lbs. sulphate of copper, 4 lbs.

white acetate of lead; dissolve, let settle, decant tlie clear, and set at 16° T.

No. 20. Brown for Madder {Machine).—7 gallons of No. 17, I5 gallon of No. 19,

1
-J-
gallon gum red (No. 21).

No. 21. Gum red.—3 gallons red liquor at i8° T., 12 lbs. gum-substitute; boil.

No. 22. Brown for Garancin {Machine).—2 gallons of No. 18, 1 gallon 4 Ibs.-gum-

substituto water.

No. 23. Brown for Garancin {Machine).—2 gallons No. 17, 3|- gallons 4 Ibs.-gum-

substituto water, 3 quarts acetic acid, 3 quarts No. 19.

No. 24. Brab for Madder {Machine).—4 gallons No. 17, 1 gallon protomuriate of

iron at 9'^ T., 3 gallons No. 19, 1 gallon 4 lbs.-gum-substitute water. For garancin,

add 4 gallons gum-water instead of 1 gallon.

No. 25. Brab for Madder {Machine).—6 gallons No. 24, 1 quart muriate of iron

at 9° T., 5 gallons 4 Ibs.-gum-substitute water, 3 quarts No. 19.

No. 26. Madder Fawns are made bj adding to madder drab ^th, or so, of red

liquor, according to the shade wanted.

No. 27. Madder Purples.—Iron liquor, mixed with purple fixing liquor, is diluted

with gum-water according to the shade wanted. For instance. No. 4 purple for
madder {machine):—1 gallon of iron liquor at 24° T., 2 gallons No. 3, 4 gallons farina

gum-water No. 28. No. 12. purple:— I gallon iron liquor at 24° T., 2 gallons No. 3,

12 gallons No. 28.

No. 28. Bark Farina Guvi Water.—10 gallons water, 60 lbs. dark calcined farina;
boil.
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M,?f'if^'-^"''"'*""
P«rp/^sare reduced from iron liquor to the shade wanted with

I ouS NoT f"? '•~^^''!:^'- S"™' 8 1 P"rpl« filingiquor No 3 boj well, then take out, and lot stand 3 or 4 diiys before using. Colour -

waXd''™
"'"^

^' S"""' accordini to shade

No. 30. Paddin/f Purples.—Rochico to shade with the following gum :—6^ gallons
water, 1 gallon No. 3, 1 quart logwood liquor at 8° T., 9 lbs. flour; boil, and add 5
quarts lariua gum, No. 28. For instiince, 70-paddina purple for machine:—! eallon
iron hquor at 24° T., 70 gallons of the above gum.
Madder purples for some stylos, such as tho black, acid, and purple padded style

are thickened with 1^ to 2 lbs. of flour per gallon, tho object being to keep the colour
on tho surface of tho fibre, thereby obtaining economy of dye-stuflF, together with bril-
liancy of colour.

Colours, either red or purple, applied on the top of already printed colours are
called ' covering ' colours when a small pattern is applied, and ' padding ' colours when
a uniform shade without pattern is applied.

Block colours are made from any of the preceding receipts, by making them a little
thinner ; the strength of the mordants being also reduced. Colours for dyeing
with extract of madder, artificial alizarine, and garancin require to bo made
much weaker in mordant, in consequence of the less severe treatment after dyeing
which goods dyed with these substances require to bring out the full brilliancy of
the colours.

No. 31. Alkaline red Mordatit,—In a vessel capable of holding 12 gallons, put
10 lbs. alum, and dissolve with 5 gallons boiling water, then add gradually 3 quarts
caustic soda at 70° T., mixed with 1 gallon cold water, fill up with cold water ; let

settle, decant and repeat the washing till the clear liquor is tasteless ; filter to a pulp,
take oflf", and add to it 5 pints caustic acid at 70° T. ; boil down to 3 gallons, add 9 lbs.

dark gum-substitute, and boil again a short time.

No. 32, Pale red Alkaiine Mordant.—1 measure of the above colour and 2 or 3
measures of dark gum-substitute water.

No, 33. 10 Acid.—I gallon lime juice at 10° T., 1 lb. starch; boil.

No. 34. 20 Acid.—I gallon lime juice at 20° T., 1 lb. starch ; boil.

No. 35. 30 Acid.— 1 gallon lime juice at 30° T., 1 lb. starch ; boil.

No, 36, Acid Discharge.—1 gallon lime juice at 22° T., 1 lb. bisulphate of potash

;

filter, and thicken the clear with 1 lb. starch.

No. 37. Add Discharge.—1 gallon lime juice at 28° T,, 2 lbs. bisulphate of potash;
filter, and thicken the clear with 5 lbs. dark British gum.

In the last two colours, the bisulphate throws down a quantity of flocculent matter,

which has to be filtered out.

No. 38. Beserve Paste.—3-^ gallons lime juice at 50° T,, 2j gallons caustic soda at

70° T. ; beat to boil, then, in a separate vessel, beat up 56 lbs. pipeclay with 3| gal-

lons boiling -water, and add 3^ gallons 6 lbs,-gum-Senegal water ; add to the other

solution, and boil 20 minutes.

No 39. Beserve Paste.—4 gallons lime juice at 60° T., 3 gallons caustic soda at

70° T, ; boil, and add 48 lbs, pipeclay beat up with 2 quarts boiling water, and 4 gal-

lons 6 Ibs.-gum-Senegal water; boil 20 minutes.

The above two pastes are used for blocking on madder work, to protect the pattern

from the following covering shades, which are raised with quercitron bark, &c. &c.

No, 38 is a paste used where there are only black and reds to preserve, and No. 39 is

used where there is also purple.

Covering Shades.

No. 40. 5 Drab.— I quart iron liquor at 24° T., 5 quarts water, 2:^ lbs. light

British gum.
No. 41. 10 Drab.— I quart iron liquor at 24° T., 10 quarts water, 4^ lbs. bght

British gum. „ „ m
No. 42. 5 Drab.—I quart iron liquor at 24° T., 1 quart red liquor at 20° T., 5

quairts water, 2^ lbs. light British gum.
. „„o m

No. 43. 10 Drab.—\ quart iron liquor at 24° T., 1 quart red liquor at 20° T., 10

quarts water, 5 lbs. light British gum.
. , m ^ „

No. 44. Olive—2 gallons red liquor at 12° T., 1 gallon iron liquor at 14° 1., 6 lbs.

light British gum.
. ^ „o m

No. 45. Olive.—i gallons red liquor at 18° T„ 2 gallons iron liquor at 8 T., 10 lbs,

light British gum.
. ,. \. ,oom . n

No. 46. Sage.—9 quarts red liquor at 9° T., 1 quart iron liquor at 12 1., 4 lbs.

light British gum.
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No. 47. Sage—U quarts rod liquor at 3° T., 1 pint iron liquor at 12° T., 5J lbs.

^^^"^J^^T^Zl'ate Brown.—& gallons red liquor at 16° T„ 1 gallon iron liquor at

9 l°T iQi lbs. light British gum, 3Hbs. flour.

No "49 Slate -3 quarts logwood liquor at 8° T., 2 quarts iron liquor at 24° T., 1

quai-t'red liquor at 18° T., 1 quart No. 50, 7 gallons water, 18 lbs. bght British gum;

^°No. 50. Gall Liquor.—1i lbs. ground galls, 2 gallons acetic acid, 12 gallons water;

stir occasionally for two days, and filter.
, , , ^ mo ^ , • . 1

No 51 Hazel—i quarts brown No. 18, 2 quarts bark liquor at 10° T., 1 pint log-

wood'liqiior at 12° T., 1 quart cochineal liquor at 8° T., 16 oz. measure No. 52, 4'

Quarts 6 lbs.-gum- Senegal water.

No 52 —1 quart nitrate of iron at 80° T., 1 pint nitrate of copper at 100° T.

No' 53 Standard for Buffs.—10 gallons water, 40 lbs. copperas, 20 lbs. brown

acetate of lead : stir till dissolved, settle, and use the clear ;
reduced to shade wanted

with gum-Senegal water.

No. 54. Chrome-oxide Standard.— 3 gallons water, 12 lbs. bichromate potash; dis-

solve with heat, put in a mug of 12 gallons capacity, add 3^ pints oil of vitriol diluted

with 6 quarts cold water, add gradually 3 lbs. sugar ; when the eflfervescenco has

ceased, boil down to 3 gallons.

No. 56. Drab.—5 quarts gum-tragacanth water (8 oz. per gallon), 2^-quarts No. 55,

I pint cochineal liquor at 4° T., | pint bark liquor at 8° T.

No. 56. Fawn.—l gallon No. 66, 2 gallons 8 oz.-gum-tragacanth water, -i gallon •

brown No. 17.

No. 67. Slate.—1 gallon No. 55, 1 gallon 8 oz.-gum-tragacanth water.

No. 68. Gum-tragacanth Water.—10 gallons water, 5 lbs. gum tragacanth in

powder ; stir occasionally for 3 days.

No. 59. Fast Blue Standard.—150 gallons water, 18 lbs. indigo in pulp, 24 lbs. cop-

peras, 28 lbs. lime previously slaked ; stir occasionally for 2 days, let settle, and draw

off the clear liquor, and to every 10 gallons add 1 pint muriate-of-tin liquor at 120° T.

;

filter on flannel to a thick paste.

No. 60. Fast Blue for Machine.—I quart No. 59, 6 oz. muriate-of-tin crystals, 3

quarts of gum-water.

No. 61. Fast Blue Standard.—4 lbs. indigo ground to pulp, 3 quarts caustic soda at

70° T., 3 quarts water, and granulated tin in excess ; boil in an iron pot till perfectly

yellow, when tried on a piece of glass.

No. 62. Fast Blue {Block).—1 quart No. 61, 12 oz. muriate-of-tin crystals, 12 oz.

lime juice at 60° T., 3 quarts 6 Ibs.-gum-Senegal water.

No. 63. Fast Green.—Ij quart No. 60, 2 quarts lead gum No. 64, ^ lb. muriate-

of-tin crystals.

No. 64. Lead Gum.— 1 gallon hot water, 8 lbs. white acetate lead, 4 lbs. nitrate lead;

dissolve, and add 1 gallon 6 lbs.-gum-Senegal water.

The course of operation for the styles 1, 2, and 3 above, is to print in one or more
of the madder colours ; after dyeing, the goods are hung in the ageing room for a day
or two, then brought to the dye-house. The ' ageing ' room is a spacious airy chamber,
with an arrangement of rails at the top of it, from which the pieces can be hung in

long folds. These chambers are kept at an equable summer temperature, and in

proper hygroscopic conditions, due ventilation being also provided. These ' ageing

'

rooms, as they are called, are in several print-works of enormous dimensions, and are
generally separate buildings. Those of Messrs. Edmund Potter and Co., and Messrs.
Thomas Hoyle and Co., in Lancashire, may be particularised as forming quite a feature
in the works. The pieces stay in these chambers from 1 to 6 days, according to the
style of work, during which time the colour which was deposited on the outside of
the fibre gradually penetrates it, and becomes more firmly attached, a portion of the
base being deposited, and acetic acid given off in vapours. Where colours are
required to absorb a certain amount of oxygen, sucli as iron mordant, catechu browns,
&c., they find the necessary conditions here. On the proper ageing of printed goods .

depends in a great measure the success of many styles ; should the room be too hot,

or too dry, imperfect fixation of the colour ensues, and meagre and uneven tints aro
obtained in the subsequent operations. In countries where in summer the atmosphere
is dry, great difficulty is found in ageing properly. In America catechu browns have
been known to require weeks before being of the proper shade. Those are of course
exceptional cases; the scientific printer knows how to combat these evils by the
introduction of watery vapour, or even by erecting his ageing room over a reservoir
of water, with rather open boarding for floor

;
many colours also may have deliquescent

salts introduced. In England the process of agoing is of pretty uniform duration.
These ageing rooms have now almost lost their importance, owing to the introduc-
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f hom^Ty ""'r'^ 'T°' P""tod pieces in such a condition, thnta tow lioms ih sufficient to pnrfoi-m the work fomoi-ly oecupvinL' davB and henc*. -i

Totous v^^^^^^^^^ M ^^^l'-^" P'-i"t"'l. eoods through a mixture of ai; and

and W r ^ ' ""T" °^ ^'^ P"^^'"l '^^ '^loth, without feeling damper
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atmosphere for one minute and a half was sufficient
to produce tins result. The ageing machine introduced by Mr. Thorn into the Mayfield
ir-rintworks had a capacity of 30 cubic yards. The moisture was obtained by havinga CKstorn of water kept heated to 180° F. in the machine. Mr. Crum was the nextprmtorto take this idea and work it into more practical shape, by very much extending
tJio size of the machine, and by other minor alterations. The use of this machine
rapully spread, and is now almost universal. Fig. 372 shows the machine as arranged
by Mather and Piatt. It consists of a chamber about 36 feet long, 20 feet high, and
13 feet broad

; generally it is partitioned off one of the disused ageing rooms a is
the framing forming the machine and for carrying rollers, &c.

; n, rollers 9* inches
dianieter for drawing the cloth, these are di-ivcn by gearing

; c, rollers of tin plate
not driven

;
d, entering rollers and rails

; b, plaiter for folding cloth on delivery from

372

the machine ; f, steam or vapour pipes, with steam taps and funnels for spreading
the vapour ; G, the cloth passing through the machine. The machine is enclosed in
a wooden room, the boards or walls fitting close at the ends h and o ; space being
left on each side for passage and for getting to the rollers, taps, &c. ; one or two
Daniell's hygrometers are put in different places of the machine. Two pieces, side by
side, are run through at once, the temperature being 70** to 75° F., and sufficient

steam being allowed to escape into the machine to cause a difference of 4° on the

hygrometers. The pieces occupy about 20 minutes during their passage through the

machine ; on emerging from which, they are plaited down into loose bundles of several

pieces, which are then drawn away and left on the floor of the room all night. The
temperature and hygrometic condition of this outside room should be as near as

possible those of the ageing machine. What takes place in ageing in this manner
has not been fully investigated ; but it is probable that as the piece leaves the printing

machine, the mordant is almost altogether on the surface of the fibre in an unaltered

state, that the thorough permeation of the piece by the aqueous vapour dissolved

in the air, restores to the cloth the normal water removed by the drying in the hot-

room, and that under the influence of this, and the slightly elevated temperature, first,

a separation of mordant from the thickening substance takes place, and the solution

diffused through the fibre, and secondly, that the fibre now begins to play the part of

an acid of superior affinity for the base of the mordant to the volatile acetic solvent,

and gradually withdraws it from the mordant, acetic acid being freely given off,

evident enough to the eyes and nose on going inside the machine. The change once

begun is more slowly carried on in the outside room, but still with much more rapidity

than under the former conditions of agoing rooms. The chemical action of cellulose
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mordant from the thickening substance, which is left at the outside of the fibre, that

bv desiccation the acetates are decomposed, and the bases loft in the interior cavities.

He also attributes to the cloth an attraction of surface, whereby bases are separated

from their solrents, in the same manner as that in -which charcoal decomposes certain

salts He points out also, that the fibre may act as a dialyser to retain within its

pores, or in the interior cavity of the cotton fibre tube, a colloid solution of alumina

or iron ; the crystalline portion of the mordant having passed through when the

printed ' cloth is immersed in water (dunging operation). Mr. Crum gives some

beautiful drawings of the appearance of dyed cotton fibres under the microscope,

showing in many cases that a clot of mordant base has been formed in the interior

cavity of cotton fibre and been subsequently dyed there. His drawings, however, for

the most part show that the walls of the tubes are dyed throughout their substance ;

a fact not, as we think, sufficiently explained Idj his theory. Other microscopists who

have examined dyed cotton fibre, have failed to detect imprisoned particles of colour

inside the tube, but have noticed that the wall of the tube throughout its substance is

dyed ; which, if correct, certainly points to a chemical action of the cell wall. That

cotton fibre has a separating power, even when immersed in water, may be shown by

putting bleached cotton cloth overhead in a solution of oxide of lead in lime (plum-

bite of calcium) for half an hour or so, removing, rinsing very well in water, and passing

through a solution of bichromate of potash, whence the cloth will emerge dyed a

bright yellow. This reaction is noticed by Mr. Crum as an illustration of the surface

attraction exercised by cotton fibre ; the withdrawal of indigotine, or white indigo,

from a solution of it, by cotton cloth immersed therein, being also given by Crum as

an illustration of the same force ; but the former, at all events, may equally serve as

an illustration of the chemical power of cotton fibre to sieze and combine with bases,

and this power is, we think, further illustrated by the rapidity with which acetates

are decomposed under the influence of the ageing macliine and torrents of acetic acid

given off. There is room, apparently, for further investigation of this obscure point.

That pigments such as prussian blue, chromate of lead, &c., can be precipitated and

imprisoned inside the cotton tubes, is not of course, denied ; but the action here seems

quite different from that of ageing. Probably even in well-aged goods, a precipita-

tion of this latter sort takes place to some extent, when the arseniate phosphate or

silicate of soda of the dunging solution reacts upon mordant separated from its

thickening, and remaining inside the cotton tube. Thus, it is quite conceivable that

two separate actions have taken place in goods about to be dyed
;

viz., a chemical

combination of the tube wall with the base of the mordant, and an imprisonment of

an insoluble salt inside the tube, by double decomposition.

The next operation is that termed dunging, which is the same in principle for

all varieties of madder or garancin goods : and as it is an operation the careful

performance of which is of vital importance to the success of the subsequent operations,

a somewhat detailed description of it will not be out of place. The process of dunging
has for its object

—

1 . Precipitating on the fibre, by double decomposition, that portion of the mordant
which has escaped decomposition in the ageing room.

2. Rendering insoluble and inert those portions of the mordant which are not in

direct contact with the fibre, and which, if allowed to diffiise in water only, would
fix on and stain the white or unprinted parts of the cloth.

3. Softening and removal of the thickening substances*

4. Neutralising the acids which may have been added to the mofdahts, or Used as
resists or discharges, and which otherwise would dissolve in the water and weaken tha
colours.

5. The formation, in the case of iron mordants, of a compound of oxide of iron, and
certain organic or inorganic acids which will tot become peroxidised beyond a
certain point. The use of cow-dung, derived from India, has been continued 6.o\Vn

to the present time, though for several years printers have largely introduced various
substitutes.

No very exact analysis has been liiade of coTV-dUlig. Morin's is as follows :

—

Vol. I.

Water , » i . . %

Vegetable fibre ....
Green resin and fat acids

Undecomposed biliary matter

Peculiar extractive matter {bubuline)

. 70-00

. 24-08

. 1-62

. 0-60

. 1-60

s s
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^!;"™°« 0-40
Uuiary resin 3.3Q

W^e^f^^Q-A^^r-i^ constituents of 100 parts of cow-dung as follows :-
ZTn.r^ '

Pj^^^^ttoi-' 0'74; sweet substance, 0-'J3
;
chlorophyll, 0-28; albu-

'

i^""''*'^
sulphate of potash, 0-06; sulphate of Ume 0-26

;

27ilT^£^7l!',ltl f1°?^^ °^ -ody fibre!

practical knowledge on the great scale, it consirts of amoist fibrous vegetable substance, wliich is animalised, and forms about one-tenth of
Its weight

; 2 of albumen
; 3, of animal mucus

; 4, of a substance similar to bile • 6
ot muriate of soda, munate and acetate of ammonia, phosphate of lime, and other
salts

; 6, of benzoin or musk.
Fresh cow-dung is commonly neutral when tested by litmua-paper ; but some^

aSm&i^
slightly alkaline, owing, probably, to some peculiarity in the food of the

Probably the hot water in which the calico-printer diflfuses the dung exerts a
powerful solvent action, and in proportion as the uncombined mordant floats in the
bath It IS precipitated by the albumen, the animal mucus, and the ammoniacal salts •

but there is reason to think that the fibrous matter in part animalised or covered
with ammal matter, plays here the principal part ; for the great afilnity of this sub-
stance for the aluminous and ferruginous salts is well known.

It would appear that the principal function of dunging is to hinder the uncombined
mordant diffiised in tJie dung-bath from attaching itself to the unmordanted portion
of tile cloth, as already observed ; for if we merely wished to abstract the thickening
stufls, or to complete by the removal of acetic acid the combination of the mordanting
base with the goods, dung would not be required, for hot water would suffice In
fact, we may observe, that in such cases the first pieces passed through the boiler are
tt for dyeing; but when a certain number have been passed through, the mordant now
dissolved m the water is attracted to the white portions of the cloth, while the free
acid impoverishes the mordanted parts, so that they cannot affijrd good dyes, and the
blank spaces are tarnished.

It seems to be ascertained that the mordant applied to the cloth does not combine
entirely with it during the drying ; that this combination is more or less perfect ac-
cording to the strength of the mordants, and the circumstances of the ageing ; that
the operation of dunging, or passing through hot water, completes the combination of
the cloth with the mordanting base now insoluble in water ; that this base may still
contain a very minute quantity of acetic acid or sulphate of alumina ; that a long
ebullition of water impoverishes the mordant but a little ; and that even then the
liquid does not contain any perceptible quantity of acetate or sulphate of alumina or
iron.

A very able and learned memoir upon this subject, by M. Penot, Professor of
Chemistry, appeared in the Bulletin of the Society of Mulhausen, in October 1834, and
an ingenious commentary upon it, under the title of a Beport by M. Camille Koe'chlin,
in March 1835.

Experience has proved that dunging, is one of the most important steps in the
process of calico-printing, and that if it be not well performed the dyeing is good for
nothing.

In dunging calicoes the excess of uncombined mordant is in part attracted by the
soluble matters of the cow-dung, and forms an insoluble precipitate, which has no
affinity for the cloth, especially in presence of the insoluble part of the dung, wliich
strongly attracts alumina. The most important part which that insoluble matter plays,
is to seize the excess of the mordants, in proportion as they are dissolved by the water
of the bath, and thus to render their reaction upon the cloth impossible. It is only in

the deposit, therefore, that the matters carried off from the cloth by the dung are to be
fiaund.

M. Camille Koechlin ascribes the action of cow-dung chiefly to its albuminous con-

stituent combining with the alumina and iron, of the acetates of these bases dissolved

by the hot water of the bath. The acids consequently set free soon become evident by
the test of litmus-paper, after a few pieces are passed through, and require, to be got

rid of either by a fresh bath or by adding chalk to the old one. The dung thus serves

also to fix the bases on the cloth, when used in moderation. It exercises, likewise, a

deoxidating power on the iron mordant, and restores it to a state more fit to combine
with colouring matter.
The use of cow-dung is open to some objections, amongst which are its giving a

certain amount of greenish colouring matter to tlio white mordants, and its being apt
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to vary in its constituents from difference in the food of the animals, their health, &c.

;

the method of using substitutes for it being now well known, and bettor colours and
whites being more easily obtained from them than with dung, this substance has

almost ceased to be used in calico-printing processes. The dunging operation ought
to be a definite chemical decomposition, which cannot be the Case with a variable

substance like dung. The substitutes for dung in use are :

—

1. Phosphate of soda and lime,

2. Arseniate of soda.

3. Arsenite of soda.

4. Silicate of soda.

6. Silicate of lime.

Each of these has its peculiar virtues, and the printer determines for himself which
is best adapted for his styles. The first was patented by John Mercer, about 1842, and
is made by calcining bones, then decomposing them with sulphuric acid, filtering out

the sulphate of lime, and, to the clear superphosphate of lime, adding carbonate of soda
till slightly alkaline ; the resulting mixture of phosphate of soda and phosphate of lime
is dried down to a powder ; the use of arseniates formed part of the same patent.

Arsenite of soda followed as a matter of course, though not so safe in use as phos-
phates and arseniates. Silicate of soda was suggested by Adolph Schlieper, of Elber-
feld, and patented by Jager in 1852. It is the ordinary soluble glass dissolved in
water. It is open to the objection of being too alkaline, and requires care in the use.

The silicate of lime was suggested by Higgin with a view to remove this objection.

The silicate of lime is formed in the dung cistern, by mixing silicate of soda and
muriate of lime, when sparingly soluble silicate of lime is formed ; the quantity in
solution at one time being never so much as to be dangerous, and fresh portions
being dissolved as wanted. Dunging salts, or liquors, are now made by the manu-
facturing chemist, containing various mixtures, arseniates, phosphates, arsenites, &c.,
which are adapted for every variety of dunging. Great economy of time and mate-
rial result from the use of these dung-substitutes. In some of the largest print-works,
instead of, as with dung, running off the spent-dung cistern after passing through
from 100 to 200 pieces, and having to fill again, and heat to the proper temperature,
it is found possible^ to run pieces through the same cistern charged with substitute,
at the rate of two pieces per minute half a day, and with light goods a whole day—

•

before letting off; of course, occasionally adding some of the substitute, to make up
for that saturated by the mordants. The dunging process is always performed twice

:

the first time in a cistern with rollers ; and the second, in a beck similar to a dye-
beck,_ washing well between. The first is called fly-dunging; the other, second
dunging.

^
The manner of immersing the goods, or passing them through the dung-bath, is an

important circumstance. They should be properly extended and free from folds,
which is secured by a series of cylinders. The immersion should take place as fast aa
possible

; for the moment the hot water penetrates the mordanted cloth, the acetic acid
quits it, and, therefore, if the immersion was made slowly, or one ply after another,
the acid, as well as the uncombined mordant, become free, would spread their
influence, and would have time to dissolve the aluminous subsalts now combined with
the cloth, whence inequalities and impoverishment of the colours would ensue.
The fiy-dung cistern should be set with about 30 gallons of dung to 1,000 gallons of

water; or, to the same quantity, 3 to 4 gallons of dung-substitute liquor; a little chalk
IS added, to make the cistern slightly milky. The heat varies for different styles—
from 150° F. to boil. Where there is acid discharge or resist, and the colours are
heavy, fly-dunging at boil is necessary, to enable the acid to cut properly through the
colour

;
the nearer to 150° E. that the bath will give good whites at, the better will

be the subsequent dyed colour. With cow-dung, an excess of it is injurious, both to
white ground and mordant.

Figs. 373 and 374 are Furnival's arrangement of first and second dunging vessels.
A 1 to A IS a smaller cistern provided with rollers, top and bottom, in which a stronger
solution of dunging liquor than that in the main vessel is sometimes put; a a is themam fly-dung vessel, divided into two compartments, made of cast-iron plates bolted
together. The whole fly-dung cistern is from 20 to 30 feet long, 4^ feet wide, and 5
to 6 feet deep. The pieces enter the machine at the end 1, passe's over and under
the rollers c c, being drawn through by the draw-rollers d, which are placed over the
divisions in the cistern ; these rollers being connected and turned by the driving-shaft
E

;
they then pass through the compartment a b, where they are spirted with water

from perforated pipes fixed almost level with the top of the cistern, and beaten bv
the square beaters h, which are also connected with and turned by the shaft e • f arethe steam-pipes for heating the liquid. The cistern a a is set with a solution ofarsemate of soda, containing from 10 to 50 grains arsenic acid per gallon, according to

s s 2
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the strength and nature of the mordants to be dunged
;
usually a little chalk is added

suliiciont to make the liquid slightly milky. The first compartment is either set with
the same solution, or sometimes with a more concentrated one. The temperature
varies from 160° F. to boil, according to the style under treatment. On leaving
the cistern they pass successively through two or more becks, very similar to dye-
becks (which see farther on) where they run spirally through a solution of arseniate
ot soda, much weaker than that of the fly-dung cistern, generally about 8 to 12 grains
arsenic acid per gallon ; to which some printers add a little cow-dung or bone-size
solution. The time occupied in the transit of a piece through the second dung becks
IS from 20 to 30 minutes, and the temperature from 150° to 170° F. Fig. 374 shows
a plan and sectional elevation of two second dung bocks ; the piece is brought from the

first dung cistern and entered into the end of one of the second dung becks, over the

roller a, and under the steam-pipe b, being drawn through the entire length in a spiral

and progressive manner ; a few yards of cloth are left lying at the bottom of the cistern

each time it passes over the roller A ; b is the perforated steam-pipe for heating the

liquid
; c, the drawing shaft for giving motion to the draw-roller a. On leaving the

first second dung beck, the pieces pass in a similar manner through the second, or

others, if more than two; they next pass through a washing machine. Fig. 375

is a section of the washing machine now most generally used for all purposes in print-

works ; A, the framing and wooden trough of the machine ; b, large roUer for drawing

the cloth through machine ; c, pressing roller above roller b ;
d, square beater roller,

running in a contrary direction to the cloth, at about 180 revolutions per minute
;
e ^nnce

roller; f, perforated water-pipe ; g, peg rail; h, plaiter wince; i cloth, passing through

the machine ; it enters at one end, and passes spirally through to the delivery end

The advantages of this machine are, great simplicity and efficiency.
_

ihe square bowl

causes the cloth to rise and fall upon the surface of tlio water, which, being allowed
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^ « ^^Vaf thfl overflow shown, is always kept at the right level. After this nnsing,

which it receives a spirt of clean water, It then P^f^es ?nto the taou^^^

lagged roller, as shown, and the operation is repeated until the cloth issufliciently

Shed TWs machine will wash about 90 yards of cloth per— ^^he^r a

washing machine is mentioned in this article, it is to be ^^^erstood that
J^^^^^^

of

machine is meant. The drawing is of the machine as made by Mather and Piatt

Up to this point there is scarcely any difference in the operations on pieces destined

for styles I a, b, &c., and 11. Those intended for dyeing with madder are pnnted in

stronger colours than those for dyeing with garancin, since the soaping process

reduces the strength of colour considerably, and garancin colours undergo no severe

treatment after dyeing. The general proces of dyeing is thus performed :—

Fig. 376 represents a front elevation of a pair of dye-becks, with automatic winch-

reel, and Jw. 377 is an end-elevation of one of them. The drawing is landly supplied

by Messrs Mather and Piatt, of Salford. A a is a cast-iron cistern, 8 feet long by 4

feet deep by 3 feet wide, with curved bottom ; brackets b b are cast on the ends to

support the system on the stone foundation. This beck is fixed over a diannel c,

wMch communicates with the system of drains which carries away the waste liquors

into the river There are two holes in the curved bottom—one at each end—which,

when the beck is in use. are stopped with moveable plugs ; one of these holes commum-

cates direct with the drain and the other with a trough d, which communicates with a

pit outside the dye-house, and where the spent madder can be run for the purpose of

Lking into garanceux ; e is a water-pipe, with a branch into each beck, with a screw

tap attached T f is a main steam-pipe, which divides into branches G, furmshed with

valves at h; the pipes o subdivide in branches i, one of which goes down each end

of the dye-beck, the perforated pipe k, which traverses the beck from end to end,

connecting them ; a perforated iron diaphragm is placed across the beck from end to

end: above this is a strong rod m, from end to end, carrying pieces n projecting at nght

angles from it. Bolted on the ends of the dye-beck is the framework o, which cames

the bearings Qf tho shaft a of the winch reel; keyed on the shaft are three seta of
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Tsparr as at' t'^Th'^ 7 7 ^^^^^ ^ ^P^^« «
=
the rod is boarded between

u VhS cames
^'^'^<'^°^^ ^ o{ the two dyo-becks is connected by the pieceV. wnicli carrioB the boanuga of the short shaft v, on which is keyed one of a pair of

37G

mitre wheels w w ; there are sliding catch boxes x x, on this shaft, which revolve
With It; there are corresponding catch boxes keyed on the ends of the shaft q; the

connecting piece u carries also the pillar
377 P, which carries the bearings of the vertical

shafts T, and also of the horizontal shaft
z

;
keyed on the shafts y and z are bevel

wheel a a, and at the bottom of shaft y,
the mitre wheel w. Permanent motion
being given to the shaft v v, by this gearing,
either of the reels can be put in motion or
stopped by the catch boxes x x, worked
by lever handles, in or out of the catch
boxes on the ends of the reels. In work-
ing the becks, two pieces are knotted end
to end, and each length passed over the
reel down between two of the studs n,

under the steam-pipe x, up behind the
diaphragm i, being then knotted together
so as to form an endless web, the bulk of

which lies on the bottom of the beck. The
drawing shows a beck adapted for 15
lengths of 2 pieces each, or 30 pieces.

About 200 gallons of water are put in the

beck before the pieces are put in
; and,

after the pieces, the dye-stuff is added, the

reel set in motion, and the steam gently

turned on; from the steam going in at

each end, the beck is uniformly heated;

the heat is then gradually raised to boil,

generally in about two hours, the pieces

continually revolving with the reel so as

to bring each portion successively into

the air, agitating the dyeing materials at the same time.

This gradual heating of the dye-beck was a method arrived at by practice, and it
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•was only -witMii a few years that

chemical science has shown the

wisdom, if not the necessity, of the

system. Some dye-stuffs, and es-

pecially madder, do not contain their

colouring matter ready formed in

considerable quantity, but contain a
colour-forming principle, which is

acted on by nitrogenous ferment also

present, whose activity is unlocked

by the solution in water, and by
the aid of which the colour-forming

principle becomes decomposed into

true colouring matter and some

other substance. The newly-formed

colouring matter is assimilated by
the mordant nearly as fast as pro-

duced. As with most ferments, the

temperature of boiling water de-

stroys the ferments in dye-stuffs, and

a very inferior result would in many
cases bo produced, were a boiling

heat to be given during the first

periods of dyeing. See Mabdeb.
With the colouring matters of dye-

stuffs properly formed and separated

from woody fibre, these precautions

are generally unnecessary, as is

explained when treating of madder
extract and alizarine. When the

dyeing is finished, the steam is shut

off, the knots untied, and the pieces

pulled over into pit of water
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mounted with a winch reel, wliich is always placed behind every dye-beck. After\vincing in this, the pieces are fastened together again, and put through the washinemachine two or three times
; they then are ready for the subsequent operationr

^
Anotner method of dyeing is now adopted by several printers, termed spiral-dvoini?In this process 30 to 40 pieces are left stitched together, entered into the dye-beck atone end, and ciuised to revolve spirally through the liquor and over the wince fromona to end of the beck

; the end which was entered first is now passed through a porce-
lain eye, brought back across the face of the bock, and knotted to the last end of the
BOt ot pieces, after passing through another eye which directs the cloth into the dye
beclc again. The process is now continuous, and the pieces constantly moving from
end to end and back again, pass through all parts of the dye-beck, and are all sub-
jected to the same heat. It is said that much greater uniformity of dye is obtained
by this method. Figs. 378 and 379 show the spiral or endless dye-beck of Mather
and Piatt, a, cast-iron dye-beck

; b, fixings for carrying wince
; c, winces

; d, cloth
being dyed

; e, spur wheels, and catch boxes, &c., for driving
; f, driving shaft • g

handles and tappet shafts for putting in motion or stopping the wince
; h, steam-

valve
;

I, steam-pipes
;

K, perforated steam-pipe passing through the beck
;

l, mid-
feather

; M, peg-rail for keeping the pieces from entangling. Messrs. Mather and

380

Piatt have recently introduced a double-cased dyo-beck, for which they claim the

following advantages :—
.

iBt. Having neither internal steam-pipe, nor midfeather, there is no possibility of

tearing or damaging the goods in the process of dyeing. 2nd. As no_ steam is ad-

mitted to the dyeing solution, its strength is maintained uniform, and,_ in fact, rather

increased to the end of the operation. 3rd. Perfect freedom from stains is insured.

4. The work is more regular, and effected at less cost of material than with becks, to
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, steam is admitted in tha ordinary way. It is donble cased in the low part,

-whicli
""J^Q of copper, and the outer shoU of cast-iron,

the hning being maae oi copp«i, ^
^^^^^ ^ section of

this beck, a, cast-iron outer

casing of dye-beck, bolted

together in two parts ; b,

copper lining of beck ; c,

steam space, in the bottom

half of beck only ; d, -wince,

making 42 revolutions per

minute; b, driving pulley;

F, peg rail; g, cloth being

dyed ; h, water-valve and

pipes ;
I, steam-valve ; k,

steam-pipes, supplying the

steam space at intervals along

the body of beck ; l, let-off

plug and seating ; M, silk for

carrying beck.

Chintz work is dyed with

from 1 lb. to 5 lbs. madder

per piece of 30 yards, accord-

ing to the pattern ;
generally,

a little chalk is added, and

if there is no purple in the

pattern, some sumac, which

is found to economise madder,

but will not do where there is

purple, the shade of which it

deadens.

The extensive use in topical

printing of madder extract,

which is the colouring matter

of madder in a nearly pure

state, led Messrs. A. Duncan
and Co., of Manchester, to

experiment on dyeing pieces

by running them stitched to-

gether, and extended to the

full width through a series

of cisterns similar to the ' fly-

dung' cisterns, charged with

a pure extract of madder and

boiling water. The theory

was that if the madder ex-

tract were kept in large

excess of the requirements of

the pieces, and the cisterns

kept boiling, the mordants

would become saturated with

colouring matter in a very

short time. Their experi-

ments resulted in a patent

taken outin 1 87 1 ; andalthough
it can scarcely at the present

time be said that the trade is

satisfied as to the economy t»f

the process, very excellent

results have been arrived

at by some printers, and the

process would appear one of

great promise. Well-dyed
pieces both of light and full

shades have been obtained

in from 3 to 6 minutes, being

the time required for a given

point in a piece to travel from the entering end to the issuing end of the apparatus.
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Iho cisterns are kept constantly charged with extract diluted with water, in quantitycoiresponding to that required by the pieces if dyed in the ordinary Leek; thus the
•cisterns are kept up to the original strength, which, as above stated, is excessive com-parod with the actual wants of the mordants. This, liowover, is of no consequencen tno arrangement bo such that the issuing pieces bring away with them only a verysma 1 pex-centage of the excess of dyo. This is managed by squeezing them under
bowls and passing them through water, which is employed to fill up the cisterns,
i'/^'. 381 represents a section of the 'open dye-beck'of Mather and Piatt, arranged
specially for this process, a, wooden cisterns; b, wooden rollers with brass centres,
lixtures, &c. for immersing the cloth

; c, drawing rollers, from cistern to cistern
; d,

strong squeezing rollers ; e, washing-off cistern with beater f
;

o, steam-boiling pipes!
&c., which do not inject steam into the liquor, but terminate in condensed water-pipes
H

;
I, cloth passing through the machine

; k, drawing pullies and spur wheels. In
reference to this open dyeing process, it is obvious that unless the extract of madder
used is very pure and free from fine particles of woody fibre and chemical salts,
the constant addition of it, without drawing anything off, would result in time
in the cisterns being loaded with impurities which would weaken and eventually stop
the dyeing power of the extract, no matter in what qimntity added. The extract
made by Tennants and Co., of Scotland, specially for this purpose, is claimed to be
of the degree of purity required. It is probable, however, that the artificial aliza-
rine now made in perfect purity, and consequently entirely free from woody fibre and
resinous colouring matters, will be found most suitable for this process, if it becomes
a well-established one in calico-printing works. Much will, of course, depend on the
prices of the artificial and the natural alizarine as delivered to consumers. It may
be here stated that the value of the open and quick dyeing process as an economiser
of material and time has been somewhat reduced by the discovery that several sets of
pieces may be dyed with artificial alizarine in the ordinary dye-beck without letting-

382

off between each set, but merely adding after the withdrawal of a set (of say 30 pieces)

the quantity of alizarine necessary for the next set, entering these at once in the

boiling hot liquor, which becomes cooled down by the wet pieces to about 130° F.,

and recommencing the dyeing ; the becks being brought to boil in an hour, and the

pieces withdrawn. As many as 5 sets can be done in this way, and as the dyeing with

artificial alizarine in an ordinary beck need not last above an hour, the economy in

time of the open dyeing would appear somewhat doubtful.

Maddered goods, on issuing from the dye-beck, are far from possessing the beauty

that they afterwards show, the colours are dull and heavy, and the white part stained

with a reddish shade ; various clearings are required, in which soap plays a principal

part. Garancined goods show pretty nearly the colour they are intended to be ; but as

the white is also stained, a peculiar clearing is given them, which will be described

further on. Madder goods are cleared with soap in a beck similar to a dye-beck.

They receive generally two soapings at boil of about half-an-hour each, with from ^
to ^ lb. of soap per piece each time, washing between. If the white is not sufliciently

good, the pieces are spread out on the grass for a day or two, and are afterwards

winced in hot water to which a little solution of chloride of lime or soda is added.

They are then washed and dried.
.

The success of the spiral system of dyeing led printers to adopt a similar system for.

soaping, and at the principal print-works this operation is now performed in a series

of becks, generally 7 or 8. The pieces enter at one end of the first beck of the series,

and after passing spirally through this, traverse successively the remainder of tho
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„or. ii-nrnr is kent flooring into the last beck of the series ;
and aa each

series. Clea° soaP^^^^^^^^ 3olution is flowing all the time :n

beck IS connected by a
V^^J^ ^ ^ ^-^^ first beck in a thoroughly exhausted

a contrary direcUon to the piece^^
^^^^ ^^^^

condition ;
tli; F^^y^^^^^^^^ Wly they pass through almost

charged ^vlth colouring
^ i^en point of a piece through the series,

unsoiled
^^^.^^^^^ZJ^' ^|^;!l82 shows tW these becks in action; they are

TTotM^^er ^^^S^^ soap-becks; b flings for cari^ang rollers

;

those
^J^^^^JJ^'pZuEve wooden dof&ng roUer; d, cloth being soaped on the con-

c, wooden rollers, 0„ square yo°^°^
,f

.
^ ^^jg purpose, they are generally

tinuous system, any S^^^^ J^^tS and'cat^h bo^x for^dxiving^

F, driving snait
,

o, nauuiBa
Trater-valves and pipes ; l. perforated

the Urte scale of Mr. John Thom, of Birkacre, have conclusively shown that by a

"^pSces of any style, after undergoing the final process, are passed through a pair of

saSelg roSs?SVt in the hydroeztractor, when the moisture iB driven out by

cSS^gal force they are then dryed on the cylinder drying machine. See Hydbo-

mte Purple is a style composed of black and one or more shades of purple only.

z^ndrequSes a little Afferent treatment. Print in black No. 4. dark purple to shade

No 27 and acid, say No. 35, cover pad in pale purple No. 30. age. Ply dung at 170°

P second dung at 165° P. half an hour ; wash and ground with ^xy Turkey madder

root giving ith of its weight in chalk, and 3 quarts of bone size to the bedi
;
bring

to 175° P in two hours, and keep at 175° P. halfan hour ; wash well and soa,p 16 pieces.

Zths, 30 yards, half an hour at boil wiUi 5 lbs. soap to 15 pieces ;
wash weU and wince

6 minutes at 140° P. with 2 quarts chloride-of-lime liquor at 8° P. to 300 gallons ;

wince and soap again at boil half an hour with 3 lbs. soap to 15 pieces
;
wash and

wince 5 minutes in 4 quarts chloride of lime at 8° P. and 2 lbs. carbonate-of-soda

crystals to 200 gallons water at 160° ; well wash and dry.
_ .

In this style, as in any where there is severe soaping, it is necessary to give a

BHght excess of madder in the dye, so as to ensure perfect saturation—if this is not

done, the colour speedily degrades, and becomes impoverished. It may be observed

here, that the style Plates are such as formerly were printed by the plate or flat press,

and are generally small patterns, with padded or well covered grounds, the colours

being few, and frequently only different shades of one colour.
^ _

Plaie Pinks or Swiss Pinks,—A style imported from Switzerland, consisting^ of

various shades of red and delicate pinks, produced as follows. Print in No. 6 \rith

second or third shades as No. 7—acid No. 34 may be also printed and a very pale

shade of red covered, aged two or three days, dunged at 160° P.—if dung-substitute

is used, care must be taken to use one that is not caustic from free alkali
:
the

dyeing must be done vrith the finest quality of Prench or Turkey madder. The

pieces must have sufadent madder allowed to over-dye them, or dye a heavy brownish

red. Por a full plate pink on |ths cloth, from 4 to 6 lbs. of Prench madder will be

required. About 5 per cent, of chalk may be added to the dye where the water is soft.

The heat should be raised to 150° P. in 2 hours, and kept at that heat half an hour.

It is necessary to keep the heat low in dyeing Prench pinks, to prevent the impurities

from fixing on the mordants, as only the very finest portion of the colouring matter

must be fixed—after dyeing, the pieces are well washed and soaped with about half

a pound of soap per piece in a beck at 140° P. for half an hour, they are then well

washed and entered in a beck with cold water to which has been added sufficient

oxymuriato of tin or sulphuric acid to make faintly sour, a little steam is turned on,

and the heat raised to about 120° P. in half an hour; the colours which on entering

the beck wore full shades of red, gradually assume an orange tint, and when of a

bright orange colour, the pieces are tiikon out and winced in water. This operation,

termed cutting, is the one that decides the depth of tint in the finished pieces. The
longer the pieces are kept in the beck and the greater the heat, the paler and moro
delicate the shade of pink obtainod. After this treatment they are put in a beck
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vrith soap and boiled for an hour, taken out. washed well, and put in a stroni? pan charged

SX^2J?'''
li?«'^--ddown, and boiledaU prLure of twoSospheS!

lihLr or high-pressure steam, for two or three hours, then taken out

Iho f J""'^'
^"'^^ ^'^^^''^ '-"^ 1^0° cliargod with a little hypochlorite ofsocia

;
tnoy stay in this about ten minutes, and are then washed and dried. In some

^^ir/^^ .
^'

.
high-prossure boil, the pieces are spread out on the grass for anignt or two and then cleared in hypochlorite, &c. The use of the acid hero is notvery clear, it probably completely purifies the colour from iron which may have beenm tne mordant, but it also sooms to render the combination of alumina, tin, lime,

colouring matter and fat-acid a definite one by removing a email quantity of the mor-
dant. Iho French chemists assert, that after the final process, a definite atomic com-pound of hrao and alumina, colouring matter, and fat-acid remains.
The quality of the soap used by printers is of great importance. It is made for them

specially from palm-oil, and requires to bo as neutral an oleo-stearate as possible ; an
alkaline soap like domestic soap would impoverish and degrade the shades.
The soaping process has a two-fold action :

—

To clear the white while decomposing the compound of lime and colouring matter
which forms the stain

; this is done by double decomposition, forming oleo-stearate of
lime, which dissolves or forms an emulsion with the excess of soap ; and a compound
of soda and colouring matter, which dissolves. In its action on the dyed parts, it
probably first removes resinous and other impurities which are loosely held by the
mordant, and secondly gives up a portion of its fat-acid to the dyed parte—the
resinous acids or possibly phosphoric add from the dyed parts, by combining with the
soda, setting free fat-acid for this purpose.
In reference to the above Swiss pink style, it may be observed that various shades

of pinks are required for diflferent markets, and where as in many cases a full rich
inexpensive colour is required, the method of dyeing at low heats ag described above
is unnecessary, and the becks are brought nearly to a boil. Where an orange-tinted
shade is required the goods may be dyed with garancin of good quality or with a
mixture of madder and garancin.

.
A few years ago Mr. Thomas Lightfoot, of Accrington, discovered that madder or

garancin-dyed goods, if dried and steamed in the manner usual in fixing steam
colours, became much less degraded by soap in the clearing process for Swiss pinks,
and that a considerable saving of madder or garancin might thus be effected, weaker
mordants and consequently less dye-stuff being employed. Mr. Lightfoot patented the
use of steam as an intermediate process between the dyeing and soaping of these
colours, and the process is now generally used. Mr. John Graham had in 1855
patented the use of steam for ' fixing ' the colours of dyed cloth, but his patent does
not mention any subsequent process, and it is doubtful in what respects his so-called
fixed colours were better than the ordinary dyed goods. Some printers pass the dyed
goods through an oily emulsion previously to drying before steaming, with the object of
causing a combination between the base of the mordant, the colouring matter ajid

the oily acid, and so dispense with some of the usual .oaping processes. Swiss pinks
are sometimes ' covered ' with a pattern which harmonises with that of the pinks, in a
discharge yeUow made of salts of lead mixed with acid ; and after ' covering,' the goods
are passed through strong chloride-of-lime solution which, being decomposed by the
acid, the free chloride liberated destroys the pink-dyed part under the yellow, and the
insoluble lead salt left in its place is dyed or raised with bichromate of potash. A
style of madder work occasionally extensively printed is the madder orange style,

where the orange is a salt of lead and called ' madder orange ' because it has passed

through the madder process along with the proper madder colours. The cloth is

padded with solution of sulphate of soda containing 4 ounces of the crystallised salt

per gallon, dried and printed in madder black, and purple, or black, red and purple

with orange, say of Nos. 4, 6, 27, the orange No. 64a, and cover, or cover and pad
with weaker purples, an acid 33 to 35 may also be printed along with the other

colours. After ' ageing,' instead of dunging, run through a cistern set with 2 lbs,

crystallised sulphate of soda and ^ ounce of crystallised phosphate of soda per gallon

of water at 160° F. ; wash well and dye with madder as usual ; wash and clear by
running through a beck set with 300 gallons water at 140° F., 2 quarts chloride of

lime solution at 8° Twaddell, and 2 quarts of solution of carbonate of soda at 8°

Twaddell, run through water, then through the spiral soaping becks at boil for half

an hour, then run through water, next through a chloride of lime and soda cistern

set as before but boiling, then through the spiral soaping becks at boil, again into

chloride of lime and soda set as above but at boil f wash well and raise the lead

colour to yellow by passing for half a minute through a cistern containing 300 gallons

of cold water, 30 lbs. of bichromate of potash and 3 quarts of sulphuric acid
; run

from this into water and wash well ; to change the yellow into orange run through
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inn gallons of boiling water, 5 lbs. bichromate of potixsli, and
a cistern containing 300 gall^^^^

.^^^^ ^ bicliromato of potash

a^cUr^^Slme^lters'g^^^^^^ after this orangeing, wash well

and dry.
n.„llnTic! of water- 60 lbs. white acetate of load; 22^ lbs.

-^^1° -^^^'^^^^ ^^^^^

^th calcined wheat starch (British gum).

Second Style: Qarancin.

Almost all the madder styles are imitated by dyeing mth_ garancin, a concentrated

IcTmore coWg matter is obtained in this way than by nsing ^add^F.^J^f
'^^^

drab, dark purple plates, black and scarlet ground, arethus
Jjf.' J^.f^'JlJ^^^^^

fhft 4ttern is verv full and cheapness essential, garancin is resorted to. ine colours

S mCrnte fo7gr;ncin are usu^ about two-thirds of Btrength of s^^^^^^

for madder (see the list of colours) ; the ageing and dunging
J^^^^^^^ to one-

madder • the dveine is performed in the same manner, using from one-fourtn to one

Sd tie quanti^that would be used of madder. A Uttle chalk is also added where

Swater is softT and the dyeing is commenced at 110° P., and earned to 185° P.. or

383

190° F. in two hours ; then got out and well washed and rinsed in water at 140
_

P., in

a beck, for 10 minutes, then squeezed and dried. The white is always stained a.

little, though not to the same extent as in maddered goods, and this slight stain is

removed by a process peculiar to garancin goods.

Fig. 383 is a plan, and fig. 384 an elevation of the chloring apparatus used for

clearing the white grounds of garancin-dyed goods, for which we are indebted to

Mr. Furnival. A is a padding machine with two brass or one brass and one vulcanised

India-rubber roller, and box to hold the solution of hypochlorite of lime; b is a

drying machine with copper cylinders, for partially drying the goods after the first

chloring ; c is a second padding machine similar to a ; d is a steaming box, with rollers

top and bottom, and perforated steam-pipe ; b is a water cistern with divisions and

rollers ; f is a water mangle or padding machine, similar to a and c, with water only

in the trough ; g is a drying machine large enough to thoroughly dry the cloth ;
these

machines are connected with and turned by the shaft k ; to prevent pulling the cloth,

and to adjust the speed of the machines with each other, the rollers o are made exactly

the same size, and the speed of the drying machines is regulated by the friction plates

L. The cloth is passed between the rollers in the first chloring machine a, which is

set with solution of hypochlorite of lime from ^° to 2i° Twaddell's hydrometer, ac-

cording to the depth of stain on the white, over the first drying machine cylinders of

B, into solution of hypochlorite of lime again in the trongh of, and through the rollers

of c, from this through the steaming-box n, entering the box by a narrow slit, which

just admits the piece, and leaving by a similar opening, which is protected by a sort

of hood which dips into the water in b, then between the rollers of the water mangle
F and over the cylinders of the drying machine g. The cloth passes through the various



Calico-printing

degrading thodyodSZ^^np J ^^'^^^'''^ ^thout
of tho lijpochlorito.

"^'^ eoods were winced in a solution

dari?SVb?ack7wni?.'^°'''°^
of garancin, each adapted to particular styles. Por

a garancin tormS < 1
' «^ ^rab, and where tliere is no purple,

m!SZmZ iJr^^"'''v''^ fr'^"/ ^''"^ commonest descriptions of

garS asZfced SZ ll'' 'rf-
^« "^^^^ll^ dyed with chocolate

whicraddiSi^A '1^*''"?''''%?.^ '^"^J^'^'
quercitron bark, and peachwood,

can be used • ^^'"'^ ^^^"^"^ ^« P^l°' of tho«e adjuncts

madder '
^° '"^'^^ «^P«"°^ description of

cinyWo benn^fn?"^
years great improvements in the manufacture of purple garan-S • ?°°^ Pyplo garancin contains two colouring matter^, alLrinoand pupunne,_one or two coloured resins and pectic acid. Of the two (5loS

paratively dull shade
;
the pectic acid and resins are simply injurious, though tW

^Ln S^LTm't "^'^'^^^^^^ ofVlitie chalk toSS
h,inLi,™;« J 1

^^Pf™epting on yarious ways of destroying tho

r,n. H
^ °f.P'^Pl^ garancin without injuring the alizarine, discovered that seal-ing up tho garancin in a strong tube with a little water, and exposing the tube to ahigh temperature for a few hours, so that the contents would be^under a pressure of

dXlf-""'i?
improved the garancin. Further experiments in the same

direction by Dr E. Schunck resulted in a joint patent taken out on Oct. 15. 1852. by
Pincoffs and Schunck for the preparation of a substance called by them 'Commercial
Alizarine. The process consisted in first making garancin in the ordinary manner,
but washing very carefully, so that no acid was left in the substance. The garancinwas then filtered and pressed and packed into a strong iron cylinder, furnished with a
false bottom perforated with holes, on which the pressed and broken-up cake of garan-
cin was placed; near the bottom of the cylinder, and under the false bottom, was a
small tap for allowing the escape of condensed water, and both at the top and bottom,
the vessel was provided with pipes for the admission of steam. The material having
been placed on the false bottom, the man-hole lid in the upper part was closed, and
high-pressure steam at about 30 lbs. to the square inch admitted and allowed to
blow freely through the bottom tap for a few minutes. This was then closed, and the
Bteam aUowed to act on the material for about fourteen hours, the bottom tap being
oc^sionally opened to blow off the condensed water. The steam was then turned off,
and the contents of the cylinder removed, dried, and ground.

In this process the pectic acid is destroyed, and a large portion of the resins either
destroyed or rendered insoluble in the solution of the alizarine when dyeing. It is a
disputed point whether the purpurine is destroyed or converted into alizarine. A French
chemist has asserted that he has changed purpurine into alizarine by heating it in a
tube with water under a pressure of 4 atmospheres, but this statement has been
negatived by other chemists. The garancin operated upon by Pincoffs and Schunck's
patent has lost a considerable portion of its dyeing power, although it now dyes very
pure shades, hence it would appear that the purpurine is really destroyed. Higgin fol-
lowed soon after, patenting a mode of preparing a superior purple garancin, by boiling
for several hours the ordinary purple garancin with water and small quantities of
alkalies or alkaline salts. In this process the purpurine is not destroyed, but the
resins and pectic acid are removed in solution in the menstruum employed. This
garancin, though not dyeing purple of such extreme purity as commercial alizarine,

has the advantage over this latter of dyeing black and good reds with a very good
purple. Pernod, a French garancin maker, subsequently patented a method of boil-

ing purple garancin in water in a tall wooden vat by high-pressure steam. In this

process the pectic acid is changed into a soluble modification of it, and washed
out with water afterwards. This preparation, as made by the firm in which
Mr. Pernod is a partner, is of great purity and strength, and compares very well with
the commercial alizarine, both these preparations dyeing purples almost as piu-e as

the finest soaped madder purples.

These improved garancins stain the white grounds very little, and produce con-

siderably faster work than the ordinary garancins ; the goods may even be soaped to

a considerable extent. A garancin that will bear as severe soaping as madder, or a
method of so dyeing with garancin as to produce the same effect, is still a desideratum.

When this can be accomplished, there will be an end of dyeing viith. madder, wliich

will be considered a raw material, and be all manufactured into garancin.

Owing to the introduction of artificial alizarine there has been already a sensible

falling off in tho consumption of these fine purple garancins, and it appears probable
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rtiftt if the artificial product can be brought in at even a bttle higher relative price

En these dye-stufls, the superior colours produced by it and the comparsttive cleanli-

ness of its use, will drive garancins out of the market.
T , .

GaranceiLx —In ordinary maddei^dyeing, the madder can never be made to give

iiTi all its colouring matter ; when all colouring matter soluble m water has been ex-

hausted, there still remains about a quarter of the whole quantity combined with lime

and mixed with the woody fibre.
, , u

Before the patent of Steiner in 1832 this spent madder was thrown away. He

showed the printers that they were thus squandering thousands of pounds, and the

collection of spent madder and its conversion into garanceux soon became umversal;

a second patent by Steiner in 1843 having shown a more practicable method of

utilising waste madder.
. , , , , , • • j -^u

The spent madder is run off into a pit outside the dye-house, where it is mixed with

a small quantity of sulphuric acid, to precipitate any colouring matter m solution.

It is then allowed to draip dry ; removed from the pit, it is boiled m a leaden vessel,

with more sulphuric acid, for several hours, then washed on a filter till free from acid,

and after draining is ready for use. It dyes to about one-third the strength of

ordinary chocolate garancin, and is principally used for the commoner garancm styles.

Mr. John Lightfoot, of Accrington, has patented an improvement
_
m the ordinary

process of making garanceux. He recommends large vats to be provided, two or more

in number, each sufficiently large to contain all the waste dyeing liquor produced an

the dye-house in one day, and so arranged that the liquor runs from the dye-becks into

them ; at a certain point in the trough that conducts the liquor to the vats is placed

a lead cistern with a valve and perforated bottom : this cistern holds a regulated

quantity of concentrated sulphuric acid, and whenever a dye-beck is let off and the

liquor flowing down the trough, a quantity of acid, proportionate to the quantity of

madder, is allowed to run down through the perforated bottom and mix with the hot

liquor ; the acidulated liquor then runs into the vat, a tightly fitting cover on which

keeps the liquor hot. When the day's dyeing is done, the vat is left covered up all

night; next day the lid is raised, and by means of holes and pegs in the side of the

vat, all the clear liquor is drained away, the vat filled anew with water, stirred up,

and when settled, the clear drawn off again ; this washing being repeated till all the

acid is washed away, the garanceux is then run on a filter to drain for use. The ad-

vantages of this plan are, first, the saving of fuel, by economising the heat of the'

waste liquor, and, secondly, the production of one-fourth more colouring matter.

A beautiful modification of the garancin style was patented by Mr. John Lightfoot

junior on Dec. 26, 1867. So long ago as 1846 Mr. Philippi of the firm of Mr, Benecke

and Co., of Eochdale, patented a method ofproducing, in addition to the ordinary black,

reds, chocolate, purple and browns of madder work, several other colours such as blue,

green, and yellow, aU these colours being printed at once and undergoing the same
operations ; the blue was an indigo colour, the yellow a chromate of lead, and the

green a compound of these two. The patentee never got beyond the stage of printing

a few hundred pieces, for the style, though admitting of certain novelties in design,

was not warmly received by the public on account of the inferiority of the blues,

greens, and yellows. The style soon fell into disrepute and was almost forgotten.

Lightfoot revived it, making several important improvements and Messrs, F. W,
Grafton and Co. of Accrington, in whose employment he was, became the ultimata

owners of, and manufacturers under the patents of Mr, Lightfoot. We give here an
outline of the process, using the words of the patentee :

—

' I make a preparation of indigo, fulfilling the required conditions, by employing
much less tin, whether as oxide or in the state of salt, in the process of dissolving the

indigo than has hitherto been used, and also by dispensing with the addition of a
salt of tin to the precipitated indigotine, whether this has been made by the aid of

oxide or salt of tin, or, as is sometimes the case, by the aid of metallic tin, because I

have ascertained that if the tin is in excess of a certain proportion to the indigo, oxide

of tin is left in the fibre during the process of fixing the indigo colours and the

mordants, and thus acting itself as a mordant becomes dyed by the dye-stuff, produ-
cing with the indigo compound colours which in the case of blue are more or less

purple and dull, and in the case of green are more or less a sombre olive. This use
of tin in excess has been one of the causes of the failures to which I have before al-

luded.
' I prepare a paste or pulp of indigotine and tin suitable for my improved process

by any of the following methods :

—

I take of dry indigo in a ground or powdered state
one and a quarter pounds, or when indigo pulp is used, using such a quantity as to be
equal to one and a quarter pounds of dry indigo, of protochlorido of tin in crystals one
and a quarter pounds, and of caustic soda at thirty degrees on Twaddell's hydrometer,
or of caustic potash at forty degrees on Twaddell's hydrometer, one gallon. I put
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£ruc waTef TIT """^
T'u'° ^^^^ then add ono gallon of

iV nf.^fi 1,
^"^^^5 ^ ''^lo^^ mixture to become perfectly cold and bout

LTufa half Jnt^lf
^ ^^^^IV'^^'^ltion is not essential) I add t« this solutbn

oJorint of
of muriatic acid at thirty-two degrees of Twaddell's hydrometer.

nnrniF ^ . ^^''V''.^^''^
of commerce, previously diluted with one pint of water

TwnrSiri ^ '^""^
^'^L'}'^'' ^^'"^ •l^'^^ts of acetic acid at eigff degrres of

1 1

-.^y?'?"''*'"- indigotine may also be precipitated by a mSe of

Tter'S:n?of^f"'T ^ twentyigrLs of TwlddeU'fi'drof

Silv ha^ th« nT,
"^.''^g quarter of a pint of tin solution and

?Kaxfmt,Tw T^"
given above

: this quantity of tin solution being

bllTn^T J ^^"^ precipitating the indigotino for producing a fintblue and green. Of all these precipitants I prefer to use " acetic acid alone "
Insteadof using protochloride of tin crystals in making the indigo solution, protoxide

ot tin made by precipitating a solution of protosalt of tin with an alkali may be usedthe precipirate being washed with water and filtered to a thick paste, or anhydrous
protoxide of tin made in any convenient way may be employed, in all cases takii 8ucha proportion of oxide as shall contain an amount of tin about equal to but not meater
than that in one and a quarter pounds of crystallised protochloride. In some cases
the niixture of one and a quarter pounds of indigo and one gallon of alkali may be
boiled with metallic tm an powder or granulated, the quantity of the latter being such
that when the boiling is fimshed and the indigo all dissolved there shall be metallic
tin undissolved. In all these cases I precipitate the indigotine as previously des-
cnbed. I filter the mdigotme precipitate through a deep conical filter so as leave as
small a surface exposed to the air as possible; when filtered, the pulp should measure
one gallon or thereabouts.

' To make a blue colour for printing I take four gallons of indigotine precipitate and
fourteen pounds of gum-Senegal in powder, stirring until dissolved (other suitable
thickening substances may be used), after straining, the colour is ready for printing.

_

' To make a green colour I take four and a quarter gallons of indigotine pulp and
eighteen pounds of gum-Senegal in powder, stir till dissolved, and add eleven pounds
of nitrate of lead in powder, and eleven pounds of white acetate of lead in powder
stir till dissolved and strain.

'

• Compound colours may be made by mixing the blue and green colours with each
other or with the ordinary mordants for dyeing. With the blue and green above
described and the ordinary ferruginous and aluminous mordants I print cotton and
linen fabrics, and after cooling hang the pieces in a room known to printers as an
ageing room for one night ;_I then cause them to undergo what is known as the fixing
operation by passing them into a solution of silicate of soda or silicate of potash at
eight degrees of Twaddell's hydrometer, or into a solution of carbonate of potash at
twelve degrees of Twaddell's hydrometer, to which about one ounce of chalk in powder
per gallon may be added, or into a mixture of silicate of soda or silicate of potash at
eight degrees of Twaddell's hydrometer witli carbonate of potash at twelve degrees of
Twaddell's hydrometer. I heat the bath at ninety degrees Fahrenheit or thereabouts
in a cistern fitted with rollers at the top and bottom, and the passage of the pieces
may be at the rate of twenty-five yards per minute. On leaving this the pieces must
be quickly winced in a pit of cold water fitted with a reel about four feet above the
surface of the water. By this wincing the indigotine attached to the fibre becomes
again indigo blue. If green has been printed, I next pass the pieces into a solution of
bichromate of potash containing one ounce of bichromate of potash per gallon of
water at one hundred degrees Fahrenheit for five minutes : the goods are then washed.
If only blue has been printed along with the mordants this processmay be omitted. I next
subject the pieces to the operation known to calico printers as "second dunging," and
which consists in making the pieces circulate in a beck containing cow-dung and water
at a temperature to about one hundred and sixty degrees Fahrenheit for from fifteen

to twenty minutes. They are then washed with water and dyed with madder, munjeet,

flower of madder, garancin, extract of madder, cochineal, mixtures of garancin with

sumac and bark, or with either of them, after which the ordinary operations of clear-

ing the white grounds may be performed, preference being given to the chloride of

lime clearing usually adopted with garancin colours.'

Another variety of garancin work is that where an orange is introduced along

with black, red, and chocolate, The orange colour is made as follows :—3 gallons of

tin crystals, dissolved in 1 galluu ui wcuci. j.iiu ujciug jo nivx± u wt.o. gamucin,

1^ ozs. of sumac, 1^ oz. of bark, 1 oz. of ground Persian berries per piece of 25 |
yards. The bark and berries are first put in the beck with the pieces, heat up to
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120° F in half an hour, then add the garancin and sumac, and bring up to 150° F.,

t^o out, hot water, and clear as usual.

Third Style : Beserved.

Maddered or garancined goods are often left y^t\;«^l"te spots as leaves, &c.,

^ dved these spaces are filled with various bright colours, such as green, blue

yello^^ &c The^^^^^^ the ordinary steam colours described hereafter, and

^Stl'^wSTombTning madder or garancin colours with steam colours is by

WottoK onTe dyed object, generally groups of flowers, a reserve paste (No. 39) and

when ?his is dry, by machine in small patterns with various shades of drab,

vll tl (Sb 44, 46, &c.), which then are dunged and dyed with quercitron
olive, ^^^^-J"' &c &c. When the paste has been appbed, the

JirfnrniT^^^^^^^ - unacted by the covering coloi^

anSnd out clear surrounded by the covering colour. In the white spaces reserved

now blocked steam colours, which are raised by steam as described further on.

Sis style admits of almost endless combinations of patterns as far as regards the

.covering' for any small pattern roller of the 'covering' class can be printed over

t^e resei^'ed colours, and aVeat variety of shades can be produced by varying the

dyeing of this ' cover.'

^^^^^^ ^^^^^ ^

In this style the white cloth is mordanted all over by padding in red or iron liquor,

or mixtures of them, and drying in the padded flue ; then a pattern is printed on in acid

an? the usual dunging and dyeing operations performed, the result being a dyed

cround with a white pattern. j . • •

Fig. 385 represents a section of the padding flue used in mordanting for this style.

It consists of a long vaulted chamber, about 35 yards long by 5 yards, and 4 yards

high, cut in two at nearly half its length, by six small arches built in an opposite

direction to that of the chamber, the object of which is to preserve the principal arch

from the action of the heat, and to hinder the dried pieces from being exposed, on

coming to the higher part, to moisture and acids, which are disengaged in great

abundance and might condense there, c c is a long furnace, the flue of which forms

the bottom of the chamber ; the top of the flue is covered with plates of cast iron

fitting one into another, and which can be heated to near red heat by the flame of the

furnace, f is an arched passage by which the interior of this stove can be reached.

h h are ventilating holes in the lateral wall which can be opened and closed at will,

by means of the rod j, which is connected with sliding doors over the apertures.

Jc k are cast-iron supports for turned copper rollers, which are fixed to the cross

pieces y y, and serve to conduct the piece. 1 1 are bars of iron which carry the fans

m m, which are covered by gratings, and make about 300 turns per minute.

In front of this hot flue is placed all the apparatus necessary for padding the pieces,

and moving them through the drying chambers. This movement is caused by puUies

K R driven from a prime mover.

Tho mordant liquor being put in the box of the padding machine, the pieces wound
on a beam and placed above tho machine are conducted through the box, then between
the two lowest rollers above the box, from thom through the liquor again, passing

Vol. I T T



CALICO-PRINTING

tococlbvtho
,i;°l"eheBt rollers, and soon into the fluo. the course being easilytiacod by the arrows; on leaving the flue dry, they are wound on a beam or Xt.^

ircliii^^aio^ratV^^^^^^^
4'""' ^hea roUe^of t"; padtn^g'l

irrnasof thZ , .^"^'-^f
- '^"^ are wrapped with a few folds of calico; the ir.li

n brat bear n?«
° ' • u'^,^'^"'

^"'"^ ^^'torn of the slot worki^

others AnotZ'nf.rf^/^^ ^Z'' "^'"'T
^^'^ *^°P ^°°tact with tht

:ZC^& drying.machine.the cylinders oLhielfare'refe
Padded goods after printing in acid aro passed tlirough the ageinR-machine and

after lying all night aro dunged and dyed. A few of these slmdes are he^o Sven
a. Claret and white. Pad in red liquor, at 10° T., dry, cool, and pad again in same

liquor, dry, cool, and print in acid No. 37, age three nights. Fly-dune at boil wash
second dung at 160°F.,4 hour, wash, dry,and wash and dyel2 pieces 7 ft. 8in
.30 yards with 18 lbs. ground peachwood, 21 lbs. of French madder, 6 lbs. sumac 5 lbs"
prepared logM-ood, run the pieces in the beck cold for 20 minutes, and then brine Uia boil in 1 hour and 10 minutes, boil 15 minutes, get out, rinse and wash, bran 10
minutes at boil in a beck with a few pounds of bran, rinse in a pit, and bran again at
boil, wash and dry. fc>

^

Prepared logwood is thus made.—Ground logwood is spread out on a floor damped
with water, and heaped up. It is then turned over once a day for a fortnight and
occasionally wetted, during which time it changes from a dull red to a bright scarlet
It IS then ready for use. Some change, probably oxidation, has taken place, and the
wood dyes further after this process.

b. Scarlet and white.—Padded and dunged as for clarets ; then 10 pieces dyed with
15 lbs. French madder, 15 lbs. Dutch crop madder, 7 lbs. peach wood, 4 lbs sumac
with 3 quarts bone size : bring to a boil in 2|- hour, and boil a quarter of an hour •

wash and bran, &c.
'

c. Scarlet and t/ellow.—Proceed as for scarlet and white, but dye 10 pieces with
22J lbs. Dutch crop madder; 22i pounds French madder; 7J lbs. sumac, wash, bran
and dry; then pad in red liquor at 10° T., age 2 nights, fly-dung at 130° F., wash
and warm water at 120° 10 minutes, dye 10 pieces with 20 lbs. quercitron bark, heat
to 120° in one hour, keep at 120° 16 minutes, wash and dry.

d. Burgundy and white.—P&d, &c., as for clarets; dye 10 pieces with 18 lbs.
French madder, 18 lbs. peachwood, IJ lb. logwood, 5 lbs. sumac, 4 quarts glue.'
Heat to boil in If hour, boil \ of an hour, wash and bran at boil 10 minutes!
wash and dry.

e. Tyrian purple and white.—P&d, &c., as for clarets; dye 10 pieces with 5 lbs.
prepared logwood, 6 lbs. Dutch crop madder, and 71bs. peachwood 21bs. bran, and
3 quarts bone size.

_
Bring to boil in If hours, boil ^ of an hour, wash and bran

at 150° 6 minutes with 1 lb. bran per piece; wash and dry,

f. Vuce and white.—Pad, &c. as for clarets ; dye 12 pieces with 3 lbs. fine ground
cochineal, lib. ground galls, 41bs. prepared logwood, 31bs. peachwood, heat to 170° in
1 hour, and 20 minutes, keep at 170° 10 minutes, wash, bran at 160° 10 minutes;
wash and dry.

g. Amber and white.—Pad, &c. as for clarets
; dye 10 pieces with 20 lbs. quercitron

bark,^ 10 lbs. Dutch crop madder, 2 quarts bone size. Heat to 160° in 1 hour and
15 minutes, keep at 160° 15 minutes, wash, bran 10 minutes at 150° ; wash and dry.

h. Peach and white.—Pad, &c. as for clarets; dye 10 pieces with 2 lbs. ground
cochineal, 2 lbs. peachwood, 6 oz. logwood, heat to 140° in Ij hour, wash, bran at
140° 10 minutes ; wash and dry.

i. Black and white.—Pad in red liquor at 20° T. once, print in No. 36, age 3 nights,

fly-dung at boil, second dung at 140°, 20 minutes, wash, dry, and singe, wash and dye
10 pieces with 60 lbs. prepared logwood, 4 gallons of bone size, and 6 oz. carbonate-
of-soda crystals, heat to boil in 1 hour and 10 minutes ; wash well and dry.

k. Olive, drabs, ^c, with white.—A great variety of shades may be obtained by
varying the mordants. For drabs pad in iron liquor diluted about 10 times according
to the shade wanted, and dye in bark, or bark and logwood. For olives, pad in

mixtures of red liquor and iron liquor, diluted, and dye in bark, or bark and logwood.
The acid used may be No. 33.

I. Bark dyeing.—Dye 10 pieces with 26 lbs. bark, and 3 quarts bone size ; heat to

190° in I J hour, and keep at 190° 10 minutes, wash and bran at 160° 10 minutes,

wash and dry.

m. Bark and Logwood dyeing.—Dye 10 pieces with 20 lbs, bark, and 30 oz. prepared
lo^ood, with 3 quarts bone size

; heat as in bark dyeing.
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Fifth Style: Indigo.

The indi<>o dye-house is always on the ground of a building, and is fitted up vvith

ine inoJoU
, There are generally several rows ot these

r"it steTapart T^^^^^^ f-t long feet wide, and 8 to 10 feet

r 5 Some onhX have steL-pipes inserted, which go to near the bottom, so that

^ZXt^^^S::^^^^^^^ -blue

grounr^th white figures. The cloth is printed in one of the following reserve

^""iSrS BescTve paste for BlocL-S lbs. sulphate of copper dissolved in 1 gallon

of water!'l5ir;?plclay: heat up with some of the Hquor : 1 gallon of thick gum-

cjnnotral snlution and 1 quart of nitrate of copper at «U i.
, n ^

nTg^ S;-4i*^ for MacMne.-2l lbs. sulphate of copper, 1 gallon of water,

tliiVlrfined with 9 lbs. fiour. and 2 pounds dark British gum.
thickened

^^/^ j.^^ MacMne.-b lbs. sulphate of copper 2 lbs. white aceta e

of fead. 2 gaUonrwafer. diiolve and thicken the clear with 3 l^'^-A^-.^^^ lbs. pale

British gim: when cold, add half a pint of mtrate of copper at 80° T., to every

'
Ces! "'SlZepastefor MaoMne.-^ gallons boiling water, 16 lbs of sulphate of

copper; 8 lbs. white acetate of lead, let settle and pour off the ^earliquor; thicken

3 laUons of his with 8 lbs. of flour, and 4 lbs. pale British gum. .^h^n boi^^ed add

4 lbs. sulphate of zinc, and dissolve. The foregoing are all to resist deep shades of

blue. Por light shades of blue dipping, any of the following:--
-u^n

No. 69. Mild fostefor Bloclc.-2b lbs. dark British gum, 15 quarts of water, boil

10 minutes and add 7^ lbs. soft soap; stir well in, and when mixed, add 20 Ibs^ sul-

phate of zinc, stir well in, and add 10 lbs. pipe-clay beaten up into 74 q^Jarts of water,

and 7^ gills of nitrate of copper at 80° T. Mix all well together.

No 70. Mild paste for Machine.-^ lbs. dark British gum ; 31 quarts water

;

boil, and add 2 lbs. soft soap, cool, and add 6 lbs. sulphate of zmc dissolved in 2 quarts

of boiling water, and one quart of nitrate of copper at 80° T.

After printing in one of these reserves, hang in a; rather humid atmosphere tor

2 days, and then dip blue. „ ,
• ^

i.

Indigo for use in the dye-house is ground with water to a fine pulp :
a series ot cast-

iron mills with curved bottoms, are arranged in a line; one or two iron rollers are

moved backwards and forwards on the curved bottom in each mill by an upright rod,

which is furnished with a roller at the bottom, and is connected with a horizontal rod

worked by an excentric. Indigo and a certain quantity of water are left in
_

these

mills several days, tiU the pulp is perfectly smooth. The method of blue dipping is

as follows :

—

In a line of ten vats, the first one is set with lime ; as

—

(No. 1.) 1,000 gallons water, 250 lbs. of hydrate of lime, or lime slaked to a dry

powder ; when used it is well raked up.

The indigo vats vary according to the style of work ; for deep blue and white, or

blue and yeUow, or orange, the following is a good one :

—

(No. 2.) 1,000 gallons water, 50 lbs. indigo previously pulped, 140 lbs. copperas,

and 170 lbs. lime ; dissolve the copperas in the water, then add the indigo, stir well

up, and add the lime, previously riddled, to separate small stones. Eake up every

two hours for two days, and let settle clear. The clear liquor, when taken up in a

glass, must have a deep yellow colour, be perfectly transparent, and be immediately

covered with a pellicle of regenerated indigo when exposed to the air. Eight or nine

vats are all set alike.

The pieces to be dipped are hooked backwards and forwards on a rectangular

frame which just fits the vats, so that the cloth can be immersed, but still not so deep

as to touch the sediment of the vats. The process is thus performed :—The Hme-vat

No 1 being stirred up, the frame which contains two pieces, is lowered down into it,

so as to completely immerse the pieces ; a gentle up-and-down movement is given by

hand. The frame is allowed to stay 10 minutes in, is then lifted out and supported

over the vat by rods put across. After draining here a few minutes, it is then

removed and immersed in vat No. 2, or the first indigo vat.
_
It stays here seven

minutes, is lifted out, and drained as before over the vat 8 minutes, then removed

to No. 3 vat, and so on till it has gone through the whole series, or till the shade of

blue is considered strong enough. After the last dip the pieces are unhooked and

winced in a pit of water, then winced about 10 minutes in a pit containing sulphuric

acid at 6° T.. washed well in the wheel, squeezed, and dried. In large dye-houses

there is an arrangement for collecting all the waste indigo which is washed off the

pieces, by running all the water used into a vaulted chamber under the dye-house,

T T 2
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whoro it pasgos from ono eompartmont to another, gradually depositing the Buspendod
indigo, which IS ponodiaiUy removed.

iouiou

la heavy bodies of colour, the paste sometimes slips or the shapes become irregular •

this js counteracted by using tlie first indigo vat raked up instead of clear. The vats
are used till nearly exhausted, and thou the clear liquor pumped off to bo used instead
ot water for setting fresh vats with.

B. Blue and Yellow, or Orangc—'Fvint in ono of the reserve pastes, and yellow or
orange colour made as follows :—

r j

No. 71. Chrome-yellow for 3fachine.—2 gfillons wa.tev, 20 Iha. sulphate of copper
20 lbs. nitrate of load

;
dissolve, and beat up with 12 lbs. flour, and 2 gallons sulphato-

of-load bottoms ; boil all together.
The sulphate of load hero is the bye-product in making red mordant No. 8 and is

drained to a thick paste.
*

No. 72. Orange.—Kako a standard liquor by dissolving 24 lbs, white acetate of
load in 6 gallons water, and stirring 12 lbs. litharge in it till perfectly white, then let
settle, and use the clear.

For the orange colour take 2 gallons of this standard liquor, instead of the gallons
of water in the above yellow colour.

Follow the same routine in dipping, &c., as for blue and white. After wincing
in sulphuric-acid sours, wash well, and wince 10 minutes in bichromate-of-potash
solution, 2 oz. per gallon at 100° F. Wash well, and wince in dilute muriatic acid at
J° T., containing 1 oz. oxalic acid per gallon, till the yellow is quite bright. The
small quantity of chromic acid set free oxidises and destroys the indigo that may be
attached to the yellow colour. After this souring, wash and dry.

If orange was printed instead of yellow, treat as for yellow; and after the murio-
oxalic sour, wash, and raise orange in the following :—10 lbs, bichromate of potash,
300 gallons water, and 3^ lbs. of lime previously slaked to a thin paste, heat to 180°
F., and wince the pieces in till the orange is full and bright; then take out and wash
well, and dry.

Other varieties of blue dyeing are :

—

c. Two blues.

D. Two blues and white.

E. Two blues, white, and yellow or orange.
F. Dark blue and green.

G. Two blues and yellow.

For c and e a pale hade of blue is first given to the cloth. The light blue vat is

thus composed :

—

No, 3. {Light Blue Vat.) 1,000 gallons water, 40 lbs. indigo, 70 lbs. copperas, 80 lbs,
lime. For c. Dip light blue by three immersions, draining well between

; unhook,
wince in water, then in sulphuric sours at 2° T. ; wash, squeeze, and dry ; then print
on a reserve paste, and proceed as for dark blue and white ; when finished, the pale
blue having been protected by the reserve, has remained unaltered, all the rest being
dark blue.

For F. Instead of reserve paste, print on yellow No. 71, and dip dark blue, sour
and raise the yellow with bichromate of potash, omit the souring after chroming, and
wash and dry. The yellow falling on the pale blue, makes a green.

For 1). On white cloth print an object in muriate of manganese, thickened with
dark British gum, raise this as described under the head Bronzes, dry and block in

a reserve paste No. 65, then lime and dip in the dark blue vat, letting stay in half an
hour, remove, oxidise in the air, wash and sour with dilute muriatic acid to which
some muriate-of-tin liquor has been added, wash and dry ; where the peroxide of

manganese had been is now dark blue, the ground pale blue with white object.

For K. Print as D, with yellow or orange in addition, and after the sulphuric

sours, raise yellow or orange as before.

Dip light blue; print reserve paste and yellow; dip dark blue; wince; sour in

sulphuric sours at 6° T. : vrince in water; chrome at 140° F. 10 minutes at 2 oz.

bichromate per gallon ; wince, wash, and sour in the following :—7 lbs. oxalic acid,

.3 lbs. strong sulphuric acid ; dissolve in water to stand 8° T. ; wince till the yellow

is bright ; then wash and dry.

A stylo formerly very much in vogue, but now scarcely ever used, is the neutral or

lazulite stylo. It consists in combining mordants with reserves, and dipping blue;

the colours throw off the blue, and are subsequently dyed with madder.

Neutrals are of two sorts :

—

1. Where reds and chocolate, or black, with resist white are printed, and dipped

light blue, the resist white being only required to resist the blue.

2. Where the white is required to cut through the black, reds or chocolat'O in additiou

to the blue»
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Thn followinff are examples of lazulite colours for the fii-st variety :—

S 7rS(S«c/u«4-4 quarts log.vood liquor at 12° T 1 quart gall liquor

at 9° T l quart ied liquor at 20° T., 1 quart iron liquor at 24° T., 1 quart acetic acid,

thicken Vith 3 lbs. flour, and 8 oz. starch: when boiled add 1 pint Gallipoli oil,

^°No tt'STiTiMachine).-5 quarts red liquor at 12° T., 1 quart iroii Hquor

at 24° T li lb. sulphate of copper, 24 oz. measure of mtrate of copper at 100° X.,

ihicken Trith 2^ lbs. flour, and i lb. dark British gum.

No. 75. Chocolate {Block).-5qu^vtsvecl liquor 12° T., 1 quart iron liquor 24° _T.,

2+ lbs. sulphate of copper, 36 oz. measure nitrate of copper at 100° T., 9 lbs. pipe-

clay beat up ^ell, and add 3 quarts of gum-Senegal solution at 5 lbs. per gallon.

No. 76. Bark resht Bed {Block).-2 quarts red liquor 22° T., 6^oz. white acetoto

of lead, 4i oz. sulphate of copper, dissolve, and beat up in 6| lbs. FPe-clay. Thicken

separately* 2 quarts red liquor at 12° T., with 12_oz. flour, and add when boiling hot

8 oz. of soft soap melted; mix well, add the pipe-clay mixture to this and then 2

quarts red liquor at 2° T., thickened by dissolving gum-Senegal in it. Stir the whole

^^^o^7f!^I>ark resist Bed (Machine).—20 quarts nitrate of zinc at 36 B., 10 quarts

water coloured with a little peachwood, 12^ lbs. alum, 10 lbs acetate of lead
;
dissolve

all together with heat, stir till cool, thicken aU together with 8 lbs. flour, and 1^, lb.

dark British gum. , . . i v
No. 78. Any shade of pale red is made for block by substituting the red liquor m

colour No. 76 by the merdant No. 8, reduced with water, according to the shade

^^No!%. Any shade of pale red for machine is made by reducing the quantities of

alum and acetate of lead in colour No. 77.

The white reserve for this variety of neutrals is either of the mild pastes.

No. 80. Besist Brown.—2 gallons water, 24 lbs. catecliu, 6 lbs. sal-ammoniac, 1

gallon acetic acid; boil 15 minutes, and add 71 gallons gum-solution, 5 quarts nitrate

of copper at 100° T. .

Proem.—The colours after printing are aged 3 days, then dipped light blue in

the following blue vat :

—

(No. 4.) Neutral vat.—1,000 gallons water, 120 lbs. indigo, 135 lbs. copperas, 160

lbs. lime ; rake up for two days, and let settle.

A frame with rollers top and bottom is lowered into this, and the pieces are run

through ; after leaving the vat, they are made to travel over rollers in the air for a

sufficient distance to turn them blue ; then into a pit of water, from that into a beck

with cow-dung and water, at 160° F., where they run 15 minutes, then washed and

dyed madder or garancin, &c. &c.

In the second variety of neutrals, the white is required to resist both mordants and

blue, and is made thus :

—

No. 81. Neutral White for Blocks.—7 quarts lime juice at 30° T., 1 quart water,

4^ lbs. sulphate of copper, 24 lbs. pipe-clay, quarts lime juice at 30° T., previously

thickened with gum-Senegal.

No. 82. Neutral White for Machine.—I gallon lime juice at 42° T., 2 lbs. sulphate

of copper, 32 oz. measure nitrate of copper at 100° T., thickened with l^lb. starch.

The black is the ordinary madder or garancin black, Nos. 4 and 5 process.

The neutral white is first printed either by block or machine ; if the latter, it cannot

be in a pattern which should register accurately with the subsequent colours, as it

must be dried perfectly before the other colours are printed, to avoid obtaining

irregular shapes ; the above reserve colours are then printed over the neutral white.

Mild paste Nos. 69, 70 may also be printed along with the other colours, to reserve a

white under the blue only. The subsequent process is the same as for the first

variety.

After dyeing madder and garancin, and clearing with soap, &c., steam or spirit

colours are generally blocked in. Parts of the yellow being made to fall over the blue

form green.

Sixth Style : China Blues.

China blues, so called from the shade of blue resembling that on porcelain. In this

stylo indigo is printed on, and made to penetrate and fix in the cloth by the subse-

quent process.

The colour is made thus :

—

No. 83. Standard China Blue.—In an indigo mill are put 45 lbs. indigo, 9 gallons

iron liquor at 24° T., and 18 lbs. copperas, the whole ground till quite fine; then add

7^ gallons gum-Senegal solution at 6 lbs. per gallon
; grind an hour longer, take out

and wash the mill with 6 quarts hot water, and add to the above.
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No. 84. China blue .^Jttn.—Gum-Sonogal solution at 3 lbs. per gallon, containinc
4 oz. copperas por gallon.

Colours aro made by reducing tlio standard blue with tlio gum, according to tho
pattern and strength roqiured. Por instance, for two blues of medium shades :—

No. 85. Stro7icf lilue.—l volume standard, 2 volumes gum.
No. 86. Pale Blue.— 1 volume standard, 10 volumes gum.
After printing, ago one night, and raise as follows :—Two vats similar to indigo

vats are set. No, 1. 1,000 gallons water, 600 lbs. slaked and dry lime.—No, 2, So-
lution of copperas at 6° T. In each vat is lowered a frame, which is provided witli
rollers at top and bottom, and in addition, has a pair of bushes at each side of the
Irame, just above the surface of the liquor, in which are put beams, on which the
pieces aro wound alternately ; the bearings of the beams being just above die
surface of the liquor, allow the roll of pieces to be always half in and half out of the
liquor. The course of proceeding is this :—A beam containing two or three pieces
stitched end to end is placed on a small frame at one side of vat No. 1, and by means
of a cord previously threaded through the rollers in the vat, the pieces aro slowly
wound through the vat and on to a beam placed in the bearings at the opposite side
of the vat, by means of a winch handle fitted on this beam ; when the pieces have
thus passed tlirough vat No. 1 , which is kept in a milky state all the time, the beam
is lifted out and transferred to one of the pair of bearings in vat No, 2 ; the pieces

are wound through this vat in the same manner ; after this vat, they are removed to

No. 1 vat, and worked through ; this alternate limeing and copporasing is continued
till the pieces have been 4 times through each vat ; then detach and wince in water

;

then put into sulphuric sours at 10° T., immersing completely in the liquor till tha
whites appear quite clear ; then wash well, soap in a beck at 1 20° F. a quarter of an
hour with \ lb. soap per piece ; wash again and sour in sulphuric sours at 1° T, at

110° F. ; wash well and dry.

The various phenomena ^^'hich occur in the dipping of China blues are not difficult

of explanation with the lights of modern chemistry. We have, on the one hand,

indigo and sulphate of iron alternately applied to the cloth
;
by dipping it into the

lime, the blue is deoxidised, because a film of the sulphate of iron is decomposed, and
protoxide of iron comes forth to seize the oxygen of the indigo, to make it yellow-

green, and soluble at the same time in lime-water. Then, it penetrates into the heart

of the fibres, and, on exposure to air, absorbs oxygen, so as to become insoluble

and fixed within their pores. On dipping the calico into the second vat of sulphate

of iron, a layer of oxide is formed upon its whole surface, which oxide exercises an

action only upon those parts that are covered with indigo, and deoxidises a portion of

it ; thus rendering a second dose soluble by the intei-vontion of the second dip in the

lime-bath. Hence we see that while these alternate transitions go on, the same

series of deoxidisement, solution, and re-oxidisement recurs : causing a progressively

increasing fixation of indigo within the fibres of the cotton.

Other indigo styles are dipped greens, blue with white discharge.

Dipped Greens.—There are 4 vats similar to indigo vats in a row, set with

—

First: (No, 5.) Lightbliie Vat for Greens.—1,000 gallons water, 25 lbs. indigo, 451bs,

copperas, 65 lbs, lime, dry slaked, 17 lbs, caustic soda, 24° T. ; raked up 2 days,

and settled clear.

Second: (No, 6.) Yellow Vat for Greens.— 1 ,000 gallons water, 250 lbs. brown acetate

of lead, 130 lbs. dry slaked lime; rake up till dissolved, and let settle clear.

Third : (No, 7.) Filled with water only.

Fourth : (No. 8.) Set with bichromate of potash at 4° T.

Each of these vats is mounted with a frame with rollers top and bottom; the

pieces to be dipped are stretched end to end, and a length of cord being threaded

through all the vats and fastened to a drawing roller at the end of the fourth, the pieces

are drawn slowly through between the first and second ; the cloth is made to travel

several yards so as to ensure oxidation of the indigo before going into the lead vat;

after leaving the fourth, they are detached, winced, and washed well.

For dipped greens, either white cloth is printed in patterns, as spots, &c., wathmild

paste, Nos. 69, 70 ; or a pattern previously printed in madder colours and dyed, &c.

is covered up with mild paste by block ; the cloth being now dipped green, the pattern

or spots are reserved or untouched by the green : a very good efiect is produced by

dipping the Burgundy and acid No. 4, green, when the Burgundy part comes out

a beautiful chocolate, and the white part green,
_

Acid Bischarqe on Blue.—A. blue and white style, but which permits the most deli-

cate pattern to bo printed, which is not the case with the ordinary blue and white

style: The cloth is first dipped a medium shade of blue, washed and dried, then

padded in bichromate of potash at 6° T. and carefully dried in the shade, .nthout

artificial heat, and printed in the following colour :

—
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No. 87. iVhUe Discharge for Blues—I gallon water, thicken witli 2 lbs. flour,

and 2' lbs.' dark British gum ; when partly cooled, add 2 lbs. oxalic acid, and when

quite cold*, 7i oz. measure sulphuric acid. A few seconds after the colour is printed

on the padded cloth the blue is discharged, and a dirty white left in the printed

parts ; after printing, the pieces are dried so as to leave them slightly damp, and im-

mediately winced in chalk and water, then -winced in sulphuric sours at 2° T., winced

and well washed ; the printed pattern is now a pure white, and if care has been

taken not to dry the bichromate too hard, and not expose it to sunlight, the blue is

bi-ight and good.

This ingenious process was the invention of Mr. John Mercer. At the moment the

block applies the preceding discharge to the bichromate dye, there is a sudden de-

coloration, and a production of a peculiar odour.

The pieces padded with the bichromate must be dried at a moderate temperature,

and in the shade. Whenever watery solutions of chromate of potash and tartaric acid

are mixed an effervescence takes place, during which the mixture possesses the power

of destroying vegetable colours. This property lasts no longer than the effervescence.

In the 'Moniteur Scientifique ' of Dr. Quesneville for July 1873 are described some
new processes, invented by P. Schiitzenberger and F. Lalande for the fixation of

indigo upon cloth. The active agent for the reduction of the indigo is the hydro-

siilphite of soda, discovered by the former, and which is made as follows :—
' Bisulphite

of soda, standing at 30° to 35° Baume, is brought in contact in a covered vessel with
twisted sheet zinc, or granulated zinc, filling up to the top of the vessel without

occupying more than one-fourth of its real volume. After the lapse ofabout one hour, the

liquid is poured into an excess of milk of lime, which precipitates the salts of zinc.

The clear liquid is drawn off either by filtration and pressure, or by decantation after

the addition of water. Air should be excluded as much as possible. By mixing the

hydro-sulphite thus obtained with ground indigo, and the amounts of lime or soda
necessary to dissolve the reduced indigo, we obtain at once a yellowish liquid con-
taining no insoluble matter except the earthy impurities of the indigo.' One pound
of indigo may be thus reduced, so as to form a solution not exceeding 4 to 6 quarts in

volume. This solution is diluted with water to form a blue vat or an alkaline
solution of the reduced indigo, containing a large excess of hydro-sidphite of soda, is

suitably thickened and printed by a copper roller in the ordinary printing-machine.
The oxidation during printing is so slight that after an hour's work, the remnant of
the coloiur is still yellow and soluble. The entire colour is utilised, 50 to 60 per cent,

less indigo being consumed with the new process than with the old. The shades
obtained are more beautiful and fast, and the impression is better defined. This new
indigo blue, requiring no subsequent fixing process, can be printed along with a great
number of other colours, such as aniline black, madder colours either for dyeing or
as extracts, catechu shades, Guignet's green and other colours fixed with albumen.
Specimens of some of these colours printed along with the new blue, are given in the
' Moniteur,' and the new process would appear from these to be successful.

Seventh Style: Discharge on Turkey-Red Ground.

ITo. 88. White Discharge (Machine).—% lbs. light British gum, 1 gallon tartaric-acid
liquor 62° T., 1 gallon acetic acid 6° T.

No. 89. White Discharge (Block).—The above colour a little thinner.

_
No. 90. Black for Txirkey Ited.—I gallons logwood liquor at 8° T., 1 gallon pyro-

ligneous acid, 10 lbs. starch; boil and add 2 lbs. 10 oz. copperas; boil again and
cool, then add 3^ pints pernitrate of iron at 80° T., and 1 gallon of blue paste.

No. 91. Blue Paste.—(a) 6 lbs. copperas, 2 quarts water; dissolve: (b) 4 lbs.
prussiate of potash, 1 gallon of water ; dissolve. Mix a and b together, and add
1 quart standard red liquor No. 8, 1 quart nitric acid 60° T.
No. 92. Yellow Discharge (Block).—I gallon lime juice at 50° T., 4 lbs. tartaric

acid, 4 lbs. nitrate of lead ; dissolve, thicken with 6 lbs. pipe-clay, and 3 lbs. gum-
Senegal.

No. 93. Yellow Discharge (Machine).—-Thicken the above with 1^ lb. starch, instead
of the pipe-clay and gum.

No. 94. Yellow Discharge (Machine).— I gallon lime juice at 40° T., 4i lbs. tartaric
acid, 5 lbs. white acetate of lead, lb. starch ; boil and cool, then add 1 lb. 14 oz
nitric acid at 60°

No. 95. Blue Discharge (Machine).—(a) 1 lb. Prussian blue, 1 lb. oxalic acid, 1 quart
hot water

; grind well together, and leave to react on each other 24 hours ; then (b)
3 quarts of water, 1^ lb. starch

;
boil, and add 2 lbs. tartaric acid, and mix a and b

together.

No. 96. Oreen Discharge (Machine).—!^ gallon No. 95 blue, 1 gallon No. 94 yeUow,
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^:^tSJr^::t''' - - ^ the „.chino.

(No. Q.) Decolouring Fa^.-l.'oOO gallons of water, 1,000 lbs. chloride of lime • raka

ana bottom, as in dipping greens, &c.; keep the vat stirred up so as to be milky andrun the pieces through at the rate of 1 piece of 28 yards in 3 minutes on leaSc the

ot potash at 4 T.
;
wash and wince in very dilute muriatic acid ; wash well and dry.In this stylo, such is tlie permanence of the Turkcy-rcd dye, that it is not muYh

oi^Z
P'?««;"g,through chloride of lime, whilst in tlfo parts'printed in the dischargecolours an instantaneous disengagement of chlorine takes place, which decolorises

the dyed ground, and whore a minoral colour or mordant formed part of the discharge,
It IS lolt in place of the red dye. This style was invented in 1811 by M D KoBchlinand patented in England by Mr. James Thompson, of Primrose, who printed immense
quantities of it.

The Bandanna printing, being a business of itself, is more fitly described in another
place. (See Bandanna.)

Eighth Style : Steam Colours.

The printing of steam colours may be considered as a mode of dyeing at one oRer-
ation, for m most cases one or more mordants are mixed with dye-wood decoctionsand printed on the cloth, the subsequent steaming causing the mordant to combine
with the colouring matter, and both with the cloth. Steam colours in some cases aremade so as to produce a fair colour when printed on ordinary white calico • but much
superior colours are produced by mordanting the cloth first, so as to fix peroxide of
tin m the fibre ,• and as this is the almost universal rule, it is this sort of st«am
printing alone that will be described. Woollen fabrics, indeed, require a good pre-
paration by tin, &c. before lively and substantial colours can be fixed on them bv
steam.

The following is the mode of preparing calicoes for steam colours :—
Pad the pieces stitched together, in a padding machine with wooden bowls throueh

a solution of stannate of soda at 10° T. twice over, letting them lie wet' an hour
between

;
immediately after padding the second time, run through a cistern with

roUers, containing dilute sulphuric acid at l-i° to 3° T., thence into a pit of water
wince well, and run through a washing-machine. It has been observed byMr James
Chadwick, that if the cloth, with oxide of tin newly percipitated on it, is subjected
to any severe washing, it loses a considerable quantity of oxide, so that no more
washing must be given at this stage than will remove the free sulphuric acid It
appears that the cloth, once dried with the oxide in it, does not part with the oxide
again by severe washing. After washing, the pieces are unstitched, and put into the
hydro-extractor, then dried gently over the steam cylinders, and are then ready for
printing. ^

The following list of steam colours comprises the usual variety of shades printed on
calico :

—

No. 97. Steam Black (Machine).—! gallon logwood liquor at 12° T., 1 quart gall
liquor at 9° T., 1 quart mordant, 2 lbs. flour, 6 ot; starch; boil ten minutes, and add
I pint nitrate of iron.

Steam BlacJc Mordant.— I quart acetic acid, li quart acetate of copper at 3° T.
1^ quart iron liquor at 24° T., 1 quart red liquor at 20° T.

'

No. 98. Chocolate {Machine).—3 gallons logwood liquor at 12° T., 2 gallons Sapan
liquor at 12° T., 1 gallon nitrate of alumina, | gallon bark liquor at 12° T., 4 gallons
water, 17 lbs. starch

;
-boil, and add 8 oz. chlorate of potash, 2-' lbs. red prussiate.

_
No. 99. Dark Blue {Machine).—1 gallons water, 14 lbs. starch, 2^ lbs. sal-ammo-

niac; boil, and add whilst hot 12 lbs. yellow prussiate of potash in powder, 6 lbs. rod
prussiate of potash, 6 lbs. tartaric acid, and when nearly cold, 1 lb. sulphuric acid
(specific gravity, 1-85), 1 lb. oxalic acid dissolved in 2 quarts hot water, and 6 gallons
prussiate»of-tin pulp.

No. 100. Bark Blue.—8 quarts water, 4 lbs. yellow prussiate of potash, 3 lbs. pale
British gum ; boil, and add 1 lb. bisulphatc of potash, 2 lbs. muriate of ammonia, 8 oz.

alum, 4 oz. oxalic acid, 4 oz. sulphuric acid at 170° T., 4 quarts tin pulp No. 103.
No. 101. Cinnamon.— 1 quart cochineal liquor at 8° T., 1 quart logwood liquor at

8° T., 1 quart berry liquor at 10° T., 6 oz. alum, 4 oz. cream of tartar, 8 oz. starch

;

boil, and whilst warm add 3 oz. muriate of-tin-crystals.

No. 102. Orange.—12 lbs. annatto, 1 gallon caustic soda at 70° T., 5 gallons water;
boil 20 minutes, strain, and add 3 quarts red mordant No. 198, 6 lbs. alum ; heat till

clear, and add 4 gallons thick gum-substitute water.

No. 103. Tin Pulp.—To protochlorido-of-tin solution add as much yellow prussiate
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of potash in solution as will precipitate all the tin as ferroprussiate
;
this is washed by

'XlSr'iX' "^^/^^^^ ' gallons 4-lb. gum-

"""^^oTo^G^een {Machme).-7 gaUons Persian-berry liquor at 12° T. 15 lbs. yellow

prussiate of potash, 8 lbs. alum, 28 lbs. gum-substitute ; boil, and add 2 lbs. muriato-

nf tin crystals, 2 lbs. oxalic acid. „ „, „ „ , „ ,i

No 106 Pink (Machine).—i gallons cochineal liquor at 6° T., 2 lbs. alum, 2 lbs.

bi-tartrate of potash, 8 oz. oxalic acid, 4 gallons tluck gum-Senegal water.

No 107. Purple (Machine).—2 gallons logwood liquor, at 12° T., 12 oz. alum, 8 oz.

red prnssiate of potash, 4 oz. oxalic acid, 8 gallons gum-substitute water. If for block,

add 12 gallons gum-water instead of 8 gallons.
, ,„r, m o * v i.

No. 108. Bark Bed (Machine.)-?, quarts Sapan liquor at 12° T., 2 quarts bark

liquor at 8° T., 2 quarts nitrate of alumina No. 109, 6i lbs. starch, 1 lb. gum-substi-

tute, 4 quarts water, 4 oz. chlorate of potash, 12 oz. alum.
^ .^ 3

No. 109. Nitrate ofAlumina.—B gallons boiling water, 24 lbs. nitrate-of-lead crys-

tals, 24 lbs. alum, 5 lbs. carbonate-of-soda crystals; let settle, and use the clear.
^

No. 110. Blue Standard.— I gallon water, 12 oz. alum, 4 '- oz. oxalic acid, 141b.

yellow prussiate of potash, 1 gallon gum-substitute water.

No. 111. Lavender IAquor.—2 gallons red liquor at 18° T., 6 lbs. ground logwood;

let steep for 48 hours, then strain off the liquor.
. -, j

No. 112. Lavender.—4: gallons lavender liquor No. 111, . 5 gallons blue standard

No. 110, from 24 to 48 gallons gum-water, according to shade wanted.

No. 113. Draii.—4 gallons lavender liquor, 4 gallons blue standard, 1 gallon bark

liquor at 8° T., from 40 to 70 gallons gum-water, according to shade wanted.

No. 114. iStone.—4 gallons lavender liquor No. Ill, 6 gallons blue standard No. 110,

1 gallon bark liquor at 120° T., reduced same as drab.

No. 115. Sage Greensfor Blotch Grounds.—2 gallons yellow No. 118, 2 gallons blue

standard No. 110, from 28 to 56 gallons gum-water, according to shade wanted.

No. 116. Yellow.—i gallons berry liquor at 12° T., l^lb. alum.

No. 117. Brown Standard.—li quarts bark liquor at 12° T., 3^ quarts Sapan

liquor at 12° T., 1^ quart logwood liquor at 12° T., 12 quarts 8-lb. gum-substitute

water, 3^ lbs. alum, 2 oz. chlorate of potash, 6 oz. red prussiate. All shades of light

browns are made from tliis by reducing with gum-substitute water, according to shade

wanted.

No. 118. Yellow.—i gallons bark at 8° T., 2 quarts red liquor at 18° T., 2 quarts

nitrate of alumina No. 109, 12 oz. tin crystals, 5 lbs. starch.

No. 119. Green for Block.—28 lbs. yellow prussiate of potash, 6 gallons hot water;

in a separate vessel 10 gallons 6 -lb. gum-Senegal water, 2 gallons water, 1 gallon

muriate of tin at 120° T. ; mix the prussiate solution with the tin and gum by pouring

one into tlie other, and violently agitating ; when quite fine and free from flocculent

matter, add 12 gallons berry liquor at 10° T., then add 12 lbs. and 2ilbs. oxalic acid

dissolved in 5 gallons water, then 3 quarts acetic acid, and 2^ gills extract of

indigo.

No. 120. Brown.—Q quarts berry liquor at 20° T., 6 quarts Brazil-wood liquor at

8° T., 3 lbs. alum, 3 quarts lavender liquor, 6 quarts ,6-lb. gum-Senegal water, 24 oz.

nitrate of copper at 100° T.

Printing with pigment colours, and fixing them by steaming was formerly a separate

style ; but owing to the introduction of aniline colours and madder extracts, goods are now
printed so frequently with all these classes of colours at once, that it is useless to separate

them. In printing pigments the ordinary pigments, such as used in oil painting, are me-

chanically attached to the cloth by a species of cementing. The first fixing vehicle used

was a solution of caoutchouc in naphtha, which was mixed with the pigment so as to make
colours of sufficient viscosity to print. The naphtha was then driven off by steaming,

and the pigment was then cemented to the cloth by a film of caoutchouc. This

method makes very fast colours, not affected by soaping and moderate fridion ; but,

unfortunately, the naphtha volatilising during the printing process, rendered the use

of it too dangerous, and after it was found that explosions of the naphtha vapour fre-

quently took place, calico printers turned their attention to some other fixing vehicle.

Animal substances, of which the white of eggs is the type, and which, soluble in

water, are coagulated by heat, are now usually employed. Of these, fo ir may be

particularised :—Albumen of eggs ; blood albumen, or dried serum of blood
;
lactarine,

and gluten. The first is made by simply drying gently the white of eggs into fiakes.

The second is the serum of blood dried in the same manner. The third is made by
separating the solid part of buttermilk, purifying it from butter and free acid, and
drying it. The fourth is the residue of starch-making from wheat-flour by the simple
washing process, the gluten being gently dried.
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aro few coLt nf "^^"""^T
^hoir power of coagulating by heat. There

Tncl So^hrn
"5*^"' style pnnted, chiefly ultramarine blue, carbon dib, and sienna-ana umbcr-browns

; examples of these will bo found further on.

bv W H Str.^i ^"^ 'commencing with the discovery of raauvo in 1866

8ifbsom^;Hv r
"^tor by that of fuchsine or magenta, by Verguin, and

haralSlCnV?' ProJ^f'on aniline of a vast quantity of beautiful colours,

and SlTannv n
steam-printing. These colours being of extraordinary purit^

nor«niv?3l '
Y"""? ^''^S as fast to light as the colours above described, are

I^LniZf on^
-^^P 7'^^.*° ^^"^ extinction of the old dyewood, &c., colours,

fro^^iw r ^ the chrome green of Guignet and the various colours obtained

rWl f '"i"'^,

artificial alizarine, most exquisite prints are now pro-
aucocl, whore the gemus of tho designer, being no longer checked by the exigencies oftne printer who, to make rods, purples, and chocolates fast to soap was compelled toaye thom with madder, and thus make a break between the printing of these and tlieir
Ulumination by steam colours subsequently, has now full play, and a great variety of
colours being printed at one operation, and all raised or fixed together afterward«-
patterns of great delicacy of execution and beauty of colouring can be produced solid an(i
last to soap, which it was perfectly impossible to do before the introduction of theso
eoloiirs. It may therefore be confidently affirmed that the introduction of madder extract
nas directly tended to make a marked improvement in the artistic taste applied to calico-
printing. The shades of colour produced from aniline colours, madder extracts, and
pigments are infinite. It will only be within the scope of this work to give a selection
which will illustrate the principles upon which they are made.

No. 121. Magenta StaJidard.—l^ Ih. magenta crystals, 4 gallons methylated spirit
2 gallons water.

No. \22. Gum-tragacanth Water.~\ gallon water, 10 oz. gum-tragacanth ; boil 6
hours or till quite smooth, and make the bulk up to 1 gallon.

No. 123. Egg-albumen-solution.— 1 gallon of cold water, 8 lbs. of egg-albumen ; stir
till dissolved, and strain.

No. 124. Blood-albumen-solution.— \ gallon cold water, 8 lbs. blood-albumen; stir
till dissolved, and strain.

No. 125. No. 45 Magenta Paste (for "dark magenta).—2 quarts water, 2 lbs. fine
wheat flour, 1 lb. of white British gum (slightly roasted wheat starch), 45 oz.
measure of No. 121 ; boil well, cool, and add 2 quarts of No. 123.
No. 126. No. 35 Magenta paste (for dark magenta).—The same as No. 125, but

35 oz. measure of No. 121.

No. 127. No. 20 Magenta gum (for medium shade).—2 quarts of No, 122, 2 quarts
of No. 123, 20 oz. measure of No. 121.

No. 128. No. 10 Magenta gxim (for pale shade).—The same as No. 127, but 10 oz.
measure of No. 121.

No. 129. No. 4 Magenta gum (for padding or 'blotching ').—Tho same as No. 127,
but 4 oz. measure of No. 121.

No. 130. Dark Mauve -paste.—2 lbs. wheat flour, 1 lb. -white British gum, 1 quart
of water, 100 oz. measure of strong solution of mauve crystals inspirit; boil well,
cool, and add 1 quart of No. 123.

No. 131. Medium shade i^fa^^ue^a^^^,—l^ lb, wheat flour, f lb. white British gum,
1 quart of water, 60 oz, measure mauve solution as No. 130 ; boil well, cool, and add
1 quart of No. 123.

No. 132. No. 20 Pale Mauve (for dark and pale mauve).—2 quarts of No. 122, 2
quarts of No. 124, 20 oz. measure mauve solution as No. 130.

No. 133. No. 10 Pale Mauve (for a third shade).—2 quarts of No. 122, 2 quarts of
No. 124, 10 oz. measure mauve solution as No. 130.

Mauves with glycerine, arsenious acid, and acetate-of-alumina fixing. In these

colours there is no action until the goods are steamed, when arsenite of alumina is formed
in an insoluble state in the cloth and the mauve remains united with this mordant.

No. 1 34. Glycerine and arsenious-acid solution.—1 gallon of glycerine, 4 lbs. arse-

nious acid ; boil well till dissolved.

No. 135. Acetate of alumina.— 1 gallon of water, 3 lbs. of alum, 2nbs. acetate-of-

soda crystals.

No. 136. Mauve-reducing paste.—2 gallons of water, 3 gallons of No.

No. 122, 6" -

-

No. 137. 1
vinegar, J-

and when cold 2^ pints No. 134.

No. \ZB.—For pale or medium shades, dilute No. 137 with No. 136 to the required

shade.
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No 139 Dark Cochmeal Bed.-l gaUon of cochineal bquor at 6° T., l^lb. starch;

uJ^ „L^ "nnfl add 3 oz. muriato-of-tin crystals, 2 oz. oxahc acid.

lio i^^^ starch, 3 gallons cochineal liquor at 7° T 2 quarts Persian-

beSv liquor at 12° T. ; boil and add J lb. binoxalate of potash, dissolve and add when

nSv cold 41b. muriate-of-tin crystals, cool, and add 1 gallon of No. 141

.

No 141 Feroxide-of-Tin Pulp.-Q gallons of water, 30 oz. measure strong ammonia

liquor, U quart oxychloride-of-tin solution at 120° T., mix well, wash by decantation

3 times, and filter to a stiff pulp.
_ i.i i -u i.

No 142 Drab.—h gallon of water, 8 oz. ultramarine, 4 oz. lamp-black, beat up

fine, and add H gallon of No. 124, U gallon of No 122.
• , , oo m

• No 143 Carbon Drab.—S lbs. lamp-black, 1 gallon of acetic acid at 8° T.; mix

well together, and add 1 gallon of No. 124, and 1 gallon of No. 122.
.

No 144 Ultramarine Blue with Lactarine.—11 lb. lactanno, 3^ pints water
;
mix

well and add 2* oz. measure liquid ammonia specific gravity -880, 5 oz. measure

caustic soda at 32° T. ; then having beaten up 3 lbs. ultramarine with 1^ pint water,

mix with the lactarine solution.
. . i.

No 146. Ultramarine Bhie with Gluten.—& lbs. ultramarine, 5 quarts water
;
mix,

and add gradually 3^ lbs. ground gluten ; let it stand a few minutes, then add 1 quart

caustic soda at 16° T. ; mix well, and let stand a few hours before using.

No. 146. (No. 4.) Ultramarine Blue with AlbuToen.—A: lbs. ultramarine, 1 quart ot

water, 1 quart of No. 122, 2 quarts of 123.
.

No. 147. (No. 3.) Ultramarine Blue.—As No. 146, but 3 lbs. ultramarine.

No. 148. (No. 2.) Ultramarine Blue.—As No. 146, but 2 lbs. ultramarine.

No. 149. Guignefs Green Standard.—n lbs. Guignet's green in paste, 1 gallon of

No. 150, grind in a mill till quite fine.

. No. 150. 3 lbs. Albumen-Solution.— I gallon of water, 3 lbs. of blood-albumen, stir

till dissolved.

No. 151. (No. 2.) Dark Green.—2 gallons of No. 149, 1 gallon No. 150.

No. 162. (No. 2.) Green.— \ gallon of No. 149, 2 gallons of No. 150.

No. 153. (No. 14.) Pale Green for Padding.—\ gallon of No. 149, 10 gallons of

No. 150, 4 gallons of water.

No. 154. Dark Brown.—2Q oz. burnt sienna in paste, 2| quarts of No. 122, 1 pint

of water, 2 quarts of No. 1 24.

No. 155. Medium Brown.—The same as with No. 154, but 12 oz. of burnt-sienna

paste.

No. 156. Pale Brown for Padding.—1^ oz. burnt-sienna paste, 3 pints of water,

1 pint of No. 22, 2 quarts of No. 124.

No. 157. Orange.—5 lbs. pigment orange (dichromate of lead in paste), 2 quarts of

No. 122, 2 quarts of No. 124.

No. 158. Drab.—20 oz. of burnt-sienna paste, 14 oz. of ultramarine, 1 quart of

water, 6 quarts of No. 122, 6 quarts of No. 124.

No. 159. Drab for Padding.—8 oz. of ultramarine, 8 oz. burnt-sienna paste, 16 oz.

yellow ochre in paste, 7 gallons No. 124, 1 gallon of No. 122, 6 gallons of water.

No. 160. Black for Printing with Aniline Colours.—5 gallons of logwood liquor at

12° T., 1 gallon of quercitron-bark liquor at 12° T., 1^ gallon of acetic acid at 8° T.,

14 lbs. starch, 3 lbs. delaine gum, boil, and add 1^ lb. chlorate of potash dissolved

in 5 quarts of hot water, cool, and add 4 quarts of No 161.

No. 161. Nitro-acctate of Chromium.—6 gallons of water, 12 lbs. of bichromate of

potash, 16 lbs. sulphuric acid diluted with 3 quarts of water, add by degrees 2 lbs.

brown sugar, and when the effervescence has ceased, and 19^ lbs. of nitrate of lead and

19^ lbs. of acetate of load dissolved in 1 gallon of water, let settle, and use the clear

liquor.

No. 162. Dark Red from Extract of Madder containing Acetate of Lime.—8 lbs.

extract of madder, 4 lbs. acetic acid, 1^ lb. starch, boil in a pot immersed in a water-

bath, when cold add ^th of its bulk of No. 163.

No. 163. Acetate of Alumina.—1 gallon of water, 4 lbs. of alum, 4 lbs. acetate of

lead, stir till dissolved, let settle, and use the clear liquor.

No. 164. Pale Reds from the above descriptio7i of Extract of Madder.—4 lbs. of

extract, 2 lbs. acetic acid, 6, 8, or 10 quarts of gum-gedda-solution at 4 lbs. per gallon,

1 pint of No. 163.

No. 165. Dark Redfrom Extract of Maddernot containing Acetate of Lime.—10 lbs.

extract of madder, 2 quarts of acetic acid at 12° T., 6 quarts of starch paste at 2 lbs.

per gallon, 1 pint of No. 122, 1^ quart olive oil, 1:^ quart of No. 163, 1 pint of

acetate-of-lime solution at 28^ T.

No. 166. Reducing Paste for Pale Reds {Extract tvithout Acetate of Lime),—7 pints

of water, 1 pint of No 122, 1 pint of acetic acid, 2 lbs. starch, boil and cool.

No. 167. Pale Reds from No. 165.— 1 gallon of No. 165, 4 to 6 gallons of No. 166.
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No. 168. Park lied with artificial Alizarine.— I lb. of No. 169, 7 lbs. wheat starch,
2j lbs. acetic acid at 8° T., 12 lbs artificial alizarine of 10 per cent, strength, 5 quarts
of acetate-of-lime solution at 18° T., 2 gallons of water, 2 quarts olive oil, boil well,
cool, and add 2^ gallons of No. 163 reduced to 11° T.
No 169. 1 gallon of water, 1 lb. gum-tragacanth, boil till dissolved, and add water

to make up to 1 gallon.

No. 170. Bark Red with artificial AUearine.—l quart of 10 per cent, alizarine,
10 oz. measure acetic acid 12° T., S J pints of starch paste at 2 lbs. per gallon,

^ pint of acetate-of-lime-solution at 20° T., m oz. measure of No. 163, i pint of olive
oil. " ^

^o- 171. Pale Redfrom artificial Alizarine.—2\ quarts of 10 per cent, alizarine of
Meister, Lucius and Brunning, 1^ quart of acetic acid at 12° T., 8j quarts of starch
paste at 2 lbs. per gallon, 1 quart of acetate-of-limo solution at 20° T., 14- quart of
No. 163, 1 i quart of olive oil.

No. 172. Purple with artificial Alizarine.—2 lbs. of artificial alizarine as in No. 171,
1 pint acetic acid at 8° T., 31 quarts gum-gedda solution at 4 lbs. per gallon, ^ pint
of pyrolignite of iron liquor at 10° T., 2\ oz. measure of acetate-of-limo solution at
20° T.

Madder Extract Chocolate.—M. Horace Koechlin discovered that oxide of chromium
gave with madder extract a beautiful chocolate colour : an addition of solution of
acetate of cliromium to any soiled madder-extract red colour left after printing,
converts this latter into a very good chocolate, and is a good way of utilizing dirty
colour, too valuable to throw away. A good chocolate may also be made by mixing
madder-extract red with the chrome black No. 160, for instance 6 of old madder-
extract red and 1 of chrome black.

After printing, the pieces are hung up for some time to equalise their temperature,
and are then steamed.

There are two methods of steaming now commonly employed—the column and
the chest. The column is a hollow cylinder of copper, from 3 to 5 inches in diameter,
and about 44 inches long, perforated over its whole surface with holes of about ith
of an inch, placed about \ of an inch asunder. A circular plate, about 9 inches
diameter, is soldered to the lower end of the column, destined to prevent the coil

of cloth from sliding down off the cylinder. The lower end of the column termi-

nates in a pipe, mounted with a stopcock for regulating the admission of steam
from the main steam boiler of the factory. In some cases, the pipe fixed to the lower
surface of the disc is made tapering, and fits into a conical socket, in a strong iron or

copper box, fixed to a solid pedestal ; the steam-pipe enters into one side of that box,

and is provided, of course, with a stopcock. The condensed water of the column falls

down into that chest, and may be let off by a descending tube and a stopcock. In

other forms of the column, the conical junction pipe is at its top, and fits there into

an inverted socket connected with a steam chest, while the bottom has a very small

tubidar outlet, so that the steam may be exposed to a certain pressure in the column

when it is encased with cloth.

The pieces are lapped round this column, but not in immediate contact with it ; for

the copper cylinder is first enveloped in a few coils of blanket stuff, then with several

coils of white calico, next with the several pieces of the printed goods, stitched end-

wise, and lastly, with an outward mantle of white calico. In the course of the lapping

and unlapping of such a length of webs, the cylinder is laid in a horizontal frame, in

which it is made to revolve. In the act of steaming, however, it is fixed upright, by

one of the methods above described. The steaming lasts for 20 or 30 minutes accord-

ing to the nature of the dyes ; those which contain much solution of tin admit of less

steaming. Whenever the steam is shut off, the goods must be immediately uncoiled,

to prevent the chance of any aqueous condensation. The unrolled pieces are free

from damp, and require only to be exposed for a few minutes in the air to appear

perfectly dry. Were water condensed during the process, it would be apt to make the

colours run.
i i •

i.

The other method of steaming, and the one now most generally employed, is that

of the chest. This is an iron chamber generally now of cylindrical shape, as being

the strongest form. This cylinder is about 10 feet long and 8 feet wide, fixed horizon-

tally. It is closed at one end, the other is provided with strong closely-fitting folding

doors, or with a strong door suspended from pullies, and balanced with a heavy

weight. In either case the doors are fitted with iron screws, so that they can be

screwed close to the cylinder and thus rendered steam-tight. There is a second roof

inside the cylinder, which receives any cbops of condensed water, and carries them

past the pieces at the sides. There is a perforated false bottom, underneath which is

a perforated steam-pipe, laid from end to end of the chest ; this pipe admits the steam,

which is further diffused by the holes in tho false bottom. On the false bottom js laid
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a pair of rails parallel with tho sides of tho chest ; these rails are continued outside

thechest into the room, tho parts next the chest for about 3 feet being hinged so as to

bo moved on one side when the doors are opened or shut. Upon the rails moves a

rectan<nilar frame of iron which just fits inside the chest, and stands as high as the

entrance to the chest will admit, generally about 6 feet high by 4 feet wide. This

frame when drawn out into the room, is filled with pieces in the following manner :—

They are first wound on an open reel, one by one, tho selvages of each fold being kept

as parallel as possible. The piece is then slid off the end of the reel, pulled flat, and

a needle and thread passed through all the selvages of one side, and loops made,

through which are passed wooden rods, which rest on the sides of tho carriage, or

they are wound on the reel and suspended on a thin wooden rod covered with calico,

which rod is supported at the ends upon the sides of the wooden frame. Generally a

grey piece is wound on the reel along with the printed piece on the face side, this is

to prevent the colours marking offon the white parts. The piece being thus suspended

mth selvages downwards, tho carriage being filled with the rods, is run into the chest,

386

the doors firmly shut, and steam turned on, the steam escaping by a safety valve.
They hang thus for 45 minutes, are taken out, unfolded, and loosely folded for
washing off. They are next stitched end to end, and passed through a cistern with
water, from that into a cistern containing a very weak solution of bichromate of
potash; they are then put into a washing machine, hydro-extracted, starched, and
dried.

Fig. 386 is a section of Mather and Piatt's steaming chest: a, the body; made
cylindrical of wrought-iron plates

;
b, carriage fitted with square wooden rollers, all

geared together by spur wheels, worked by a handle passing through a stufiing box
on the outside of the cylinder

; c, square wooden rollers
; D, handle and wheels

;
e,

cloth hanging on the rollers ; f, perforated steam-pipe
; g, tap and pipe for running

off condensed water; h, moveable door, arranged to be suspended by a chain, &c. ; i,

balance weight for door; k, safety valve. Fig. 387, for which we are indebted' to
Mr. Furnival, shows a chest fitted with folding doors, the arrangement of the interior
roof, the stuffing-box and handle, and the railway arrangement for running the carriage
in and out of the cylinder, and also tho double lino for allowing one carriage to bo
filled whilst another is in the steam-chest, and thus avoid loss of time in filling and
emptying.
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Tiio arrangement of moveable square wooden rollers is to allow of the roll of pieces
placed upon these rollers being occasionally turned part round, so that they may be
uniformly steamed, which would not bo the case if the same part were always resting
on tlie wooden roller.

Colours fixed by steaming are either pigments insoluble in water, cemented to the
clotli by the coagulation of the albumen or other nitrogenous vehicle with which thoy
are mixed, or, as in the case of aniline colours, this coagulum becomes itself a mordant
and at the time of coagulation and adherence to the fibre carries with it the colour in

chemical union; or, as in the case of dyewood and cochineal colours, these may bo
described as coloured lakes temporarily held in solution by acids, and during the

steaming, the cloth gradually withdraws these lakes from solution, the acid being

either dissipated or so modified as to be incapable of holding the lakes dissolved. The
state of the steam is an important matter. It is not the heat alone that produces the

effect ; for it may easily be demonstrated that heating cloth, when printed and dried,

has no effect whatever. The steam, to be effective, must be as saturated with mois-

ture as possible, and for this reason the steaming apparatus should never be near the

boiler ; it is no disadvantage for the steam to travel a considerable distance before

387

being applied. In some print-works the steam is made to pass through water in a

vessel placed below the steam-chest, so that it arrives in the chest perfectly saturated

with water. At the same time, the steam must not be of so low tension as to cause a

deposit of moisture on the pieces, which would be very injurious, by causing the

colours to run or mix. Steam-blue depends for its fixation on the decomposition of

ferrocyanic acid by the high temperature and presence of vapour of water into white

insoluble ferrocyanide of iron and potassium, which, by acquiring oxygen from the

air or during the washing-off, becomes Prussian blue. The shade of it is much

modified by the oxide of tin in the cloth and the prussiate of tin that forms part of

the colour. It appears that tin substitutes iron, forming a compound ferrocyanide of

tin and iron, or a ferro-stanno-cyanide of iron, which is of a deep violet-blue colour.

Greens are mixtures of yellow lakes ^^dth the Prussian blue, formed by decomposition

In both these colours there is a largo quantity of hydrocyanic acid disengaged

during the steaming ; steam being decomposed, its hydrogen going to form hydrocyanic

""'Madder-extract and alizarine colours require more care in steaming than ordinai^^

dyewood colours. The steam-chest should be fitted with a manometer o indicat^e the

pressure of the steam inside the xjhest. The steam at first shoiUd only be about 3 lbs.
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pressure, and after one hour the pressure increased, until at last a pressure of about

MoussSi*n?-de-laines are treated somewhat in the same manner, the preparation of

M,n ploth beinff different, and the colours are made in such a manner as to fix

enuallv on both the wool and the cotton of the fabric. The steaming and washing-off

Se nearly the same as for calicoes. The following is the method m detail :-

The cloth is first well bleached and sulphured. This operation is usually per-

formed by hanging the goods in a close stone or brick chamber. Tra,ys of sulphur

bein- lighted, the door is closed tight, and the pieces stay in the sulphurous gas for

several hours, and are then removed and washed. An improvement on this method

was patented by John Thom, and is here shown.

388

ThonHs Stdphunng Apparatus.—Fig. 388. a is tlio roof, made of sheet lead, 4 lbs. to

the foot. B is a lead pipe, of one inch diameter, taking off the excess of sulphurous acid

to the flue, c and c are rolls of pieces, going in. on one side and coming off at the
other. D and d, rollers of wood, three inches in diameter, with iron centres at the
ends. E and e, tiles, as in malt kilns, to let the gas pass up through to the cloth.

Fig, 389 shows the chamber : it is six feet in length by four feet in breadth, and about
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a oLnmn f?.;
"° ^1"'='' ^™ placed opposite each other, f isa cast-iron tray for burning the sulphur. It is placed on a flag, inclining towards tho

Zur't^ h^"'r? ^ ^""^^^^'l ^th a slide, on whfch to put £

mafbeW hSr^^
to admit what air may be wanted.' The space L a rmay be trom half an inch to an inch wde. It costs 18/, to 2Ql.

rnnchtnr?lVr' 1 <

^^"^ Pif<^s. previously well bleached in a wooden padding

Tth oUor Z^^^ • ""n f '"i'^?
'^''^ through a cisternwith lollors, containing dilute sulphuric acid at 3= T., wash goitly, and partially drythen pad through sulphomuriate of tin at 4° T. twice. ^ ^'

No 173. Suljjhomuriate of Tin.—3 quarts muriate of tin at 120° T I auart sul

reduce to 4° T
"''''"'^ gradually, and 4 quarts muriatic acid added;

Run from this without washing into a large cistern with rollers, containing dilute
chloride of lime at i° T., then wash, put in the hydro-extractor, and dry When
wanted for printing, pad through gum-Senegal water at 8 oz. to the gallon, and dry
After pnnting they are hung the same as calicoes to equalise the temperature, then
hung in the steam-chest in the same manner as calicoes, and stoamed 45 minutos
After steaming, they are unrolled and loosely folded for washing-off, which is done"
by wincing over a reel m a pit of water gently for i of an hour, then transferred to a
washing-machine or large automatic wince reel, and washed tiU no more coloured
liquor comes away, then hydro-extracted, and dried over the steam cylinders After
drying, it is found advantageous to hang the pieces in a cool room, with covered
shutter sides, for a day or two, so that they may imbibe a little moisture, and the
colours appear richer. The wool in mousseline-de-laines is apt to be partially decom-
posed during steaming, and sulphuretted hydrogen liberated, which decomposes the
metallic salts, such as nitrate of copper, used in some colours, and produces a very
disagreeable effect, termed silvering. To avoid this, it is now customary to wind on
the reel for steaming, at the same time as the printed piece, a grey or unbleached
piece, which has been padded in a weak solution of acetate of lead, and dried. By
this means the printed piece is steamed in contact with the prepared piece, and any
sulphuretted hydrogen that maybe disengaged is immediately absorbed by the acetate
of lead.

The following are the colours used in mousseline-de-laine printing
No. 174. Bark Eed.—4 gallons cochineal liquor at 10° T., 7 lbs. starch; boil, and

when cooled to 180° F., add l^lb. oxalic acid, and when this is dissolved, Ulb.
muriate-of-tin crystals.

No. 175. Chocolate.—e gallons Sapan liquor at 12° T., 2 gallons logwood liquor at
12° T., 1 gallon bark Hquor at 12° T., 16 lbs. starch; boil, and add 6f lbs. alum,
12 oz. chlorate of potash, 4^ lbs. red prussiate of potash.

No. 176. Yellow.—^ gallons berry liquor at 10° T., 6^ lbs. starch, 1 lb. pale British
gum ; boil, and add 1| lb. muriate-of-tin crystals.

No. 177. Bark or Eoyal Blue.—6 gallons water, lbs. starch, 2ilbs. sal-ammo-
niac ; boil well, and add 6 gallons tin pulp No. 103 ; mix well into the paste, and add
16 lbs. pounded yellow prussiate of potash, Bibs, red prussiate, 24 lbs. tartaric acid,

and l^lb. oxalic acid previously dissolved in 4 pints hot water.

No. 178. Pale Blues are made from the dark blue No. 177, by reducing with gum-
substitute water ; say 1 of dark blue and seven of gum-water for pale blue, for two blues,

and 1 of dark blue and 14 of gum-water for bloteh Or ground blue.

No. 179. Green.—4 gallons berry or bark liquor at 12° T., 3 lbs. alum, 6 lbs. starch
;

boil, and add 6 lbs. powdered yellow prussiate of potash, 1 lb. muriate-of-tin crystals,

1 lb. oxalic acid, and 2| pints extract of indigo.

No. 180. Pale Green.—3 quarts berry liquor at 6° T., 1| lb. yellow prussiate of

potash, 9i oz. alum, f pint acetic acid, 16 quarts 4 lbs. gum-Senegal water, 8 oz. weight

muriate-of-tin liquor at 12° T., f pint extract of indigo.

No. 181. Bark Brown.—2^ quarts Sapan liquor at 8° T., 1 pint logwood liquor at

12° T., 5 quarts bark liquor at 10° T., 12 oz. alum, 1 oz. chlorate of potash, 6 lbs.

gum-substitute ;
boil, and add 4 oz. red prussiate of potash, 2 oz. oxalic acid.

No. 182. Pale Browns are made from the dark brown No. 181, by reducing with

gum-water, say 1 to 3 or 1 to 6.

No. 183. Pale Eed.— I lb. fine-ground cochineal, 1 lb. liquor ammonia, specific gravity

0-88
;
put in a jar with tight-fitting cover, which may be luted down ;

keep in a warm
place for 48 hours, then mix with two gallons boiling water, and simmer in a mug down

to 1 gallon, then strain off, wash the cochineal with a little water, and strain again

;

to the liquor made up to 1 gallon add 4 oz. alum, 4 oz. muriate-of-tin crystals, 4 oz.

oxalic acid, and 1 gallon 6 -lb. gum-Senegal water.

No. 184. Scarlet.—2 gallons cochineal liquor at 12° T., 4 lb. starch ;
boil, and add

4 oz. oxalic acid, 4 oz. binoxalate of potash, 8 oz. pink salts (double permuriato of tin

and ammonia), and 8 oz. muriate-of-tin crystals.
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Vn IS-? Scarlet.-S gallons standard No. 186, 1 quart borry liquor at 10° T.,

^an?; ILh bo I and add 8 oz. binoxalato of potash, 8 oz. oxalic acad, l^lb. pink

Uo i. TOnt oxvmuriato 01 tin at liiu J-.

w ISA ;Siaw<?ar(Z—21bs. fino-gi-ound cocliineal, 6 quarts water, 1 quart red liquor

90° T 4 oz. nitric acid, 2 oz. oxalic acid ; boil 20 minutes, and strain off.
_

No 187. Medium Blue.-6 gallons standai-d blue. No 188, H quart oxymui-iato of

1 9(1° T added eradually, and beaten fine, then 2| quarts extract of mdigo.

%o 188. maXdml-lOlhs. yellow prussiate of potash, 3 lbs. alum, 2 lbs.

oTralic acid. 4 gallons water, 4 gallons 6-lb. gum-water. ^ ^ ^

m m Medium Gr.««-8%uarts berry liquor at 8° T., 3 lbs. yellow prussiate

of potash, lilb. alum, 7 quarts 6-lb. gum-water, 1 quart water, 1 quart acetic acid,

14 oz weight muriate-of-tin Uquor, 1 pint extract of mdigo.

No 190 Mac.-S quarts lavender liquor No. 191, 6oz. oxalic acid, 2 oz. measura

extract of indigo, 8 quarts 6 lbs. gum-Senegal water.
j . i o

No. 191. Lavender Liquor.-2 gallons red liquor, 10 lbs. ground logwood; steep 12

hours, and strain off. ,^ , , , j t vr im q
No. 192. Dow—6 quarts blue for doves, No. 193, 4 quarts lavender liquor No. 191, 8

quarts 6-lb. gum-Senegal water.
• ^ r i on,»

No. 193. Blue for Doves—5 quarts water, 2 lbs, yellow prussiate of potash, 2 lbs.

alum, 5 quarts 6-lb. gum-water, 1 pint extract of indigo.
, „ . , j

No. 194. Orange.—S gallons berry liquor at 10° T., 9 lbs. gum-Senegal, 3 pints red

mordant No. 198, 12 oz. muriate-of-tin crystals ; boil 15 minutes.

No. 195. Brab Standard.—6 quarts purple liquor No. 196, 1 quart bark liquor at

10° T., i pint red liquor at 20° T., J pint extract of indigo.

Drabs are made from this by reducing with gum-water, about 1 to 3.
_

No. 196. Purple Liquor.—1 gallon lavender liquor No. 191, 3 oz. oxalic acid.

No! 197. Silver-drab Standard.—Z quarts gall liquor at 12° T., 2 quarts standard

blue No. 188, 1 quart lavender liquor No. 191.

Colours reduced with gum-water from this, 1 to 2 or 3.

No. 198.— i?e£^ Mordant.—1 gallon water, 6 lbs. alum, 3 lbs. white acetate of lead

;

stir till dissolved, let settle and use the clear.

No. 199. Buff Standard.—\ quart cochineal liquor at 8° T., 3
J-
quarts berry liquor

at 10° T., 1 quart red mordant No. 198, 20 oz. oxalic acid.

Colours reduced from this with gum-water.

No. 200. Olive.—1 quart lavender liquor No. 191, 2 quarts berry liquor at 10° T.,

2 quarts 8-lb. gum-Senegal water.

Aniline Coloursfor Mousseline^dC'Laines.

No. 201. Tale Magenta.—6 oz. measlito of solution of 4 oz. magenta crystals in 4

quarts methylated spirit, 3 J quarts of gulil-gedda solution at 3 lbs. per gallon, 1 pint of

6-lbs. egg-albumen solution.

No. 202. Mediuvi Magenta,—Same as No. 201, but 18 fluid ounces of magenta
solution. .

No. 203. Pale Violet.—6 oz. measure of Hofmann's Violet (spirituous solution), 3^
quarts of 3-lbs. gum-gedda solution, 1 pint of 6-lb. blood-albumen solution.

No. 204. Medium Violet.—The same as No. 203, but 18 oz. fluid of Violet solution.

No. 205. Strong Solution.—28 fluid oz. of Hofmann's Violet, 3i- quarts of water, 2

1 lb. white British gum ;
boil, cool, add 1 pint of 6-lb. blood-albumen solution.

No. 206. Strong Mauve.—8 lbs. flour, 4 lbs. white British gum, 10 quarts water, 5

quarts Mauve Standard ; boil, cool, and add 6 quarts of 6-lb. blood-albumen solution.

No. 207. Mauve Standard.—6 oz. Brook, Simpson, and Spiller's K Violet, 2 quarts

acetic acid, 2 quarts of water.

No. 208. Pale Mauve.—1^ gallon of 6-lb. blood-albumen solution, 3| gallons of
gum-gedda solution, 30 fluid ounces of Mauve Standard.

No. 209. Iodine Green,—8 quarts of 6-lb. blood-albumen, 3 quarts of gum-gedda
solution, 1| pint of glycerine arsenical solution No. 134, 1| pint acetic acid, 1 quart
of iodine green paste.

In mousseline-de-laino printing success depends more on the bleaching and prepar-
ing of the cloth than in any other style. To Mr. John Mercer is due the merit of
having effected an improvement in the preparation of woollen fabrics, the importance
of which can hardly be overrated. Before his discovery of the power of prepared
wool to absorb chlorine, mousseline-de-laines could only be effectively printed by block,
which allows a largo body of colour to be laid on, and the fibre supersaturated with
it. Machine colours were meagre and dull. But mousseline-de-laines prepared with
tin, and then subjected to the action of chlorine gas (as in the process given above
where the acid salt of tin remaining in the cloth disengages chlorine from the chloride

Vol. I. U U



658 CAWCO-PRINTING
of hmo), Imvo their power of absorbing and retaining colour considerably enhanced.
XliG exact part the chlorine plays is not well known, probably a compound similar to
the chloro-protein of Mulder is formed. The effect produced is not one, as might be
bupposed, ol oxidation; but apparently a merely heightened power of tiio wool to
assimilate colouring matter. Wool subjected to chlorine without tin is much improved
in Its capacity for colour, but nolliing like the same when prepared with tin also. The
whole of the chlorine may be removed Irom tlio clotli by passing through an alLali,
which renders it necessary to give the stannato-of-soda padding previously to the
chlorinating. It may fairly be assumed that the development of mousseline-de-laine
printing by cylinder to the present perfection is duo in a great measure to this chlo-
rinating process. It ought also to bo stated that, Avith rare liberality, Mr. Mercer
gave the discovery to tlie trade, reserving for himself no right whatever.

Ninth Style : Spirit Colours.

Topical colours of groat brilliancy, but possessed of very little solidity, are made
somewhat like steam colours, but with much larger proportions of ' spirits,' by which
term is meant the metallic salts and acids, which, combining with the dye-stuff decoc-
tions, give the peculiar tone and vivacity to these colours. These colours, from the
large admixtiu-e pf these salts, are necessarily very acid, and cannot be steamed with-
out the destruction of the cloth. Thoy are merely gently dried after printing, and
hung in the ageing room for several hoiu's, then rinsed in water, washed, and dried.
The following are examples of spirit colours :

—

No. 210. Black.—1 gallon logwood liquor at 8° T., 1 gallon water, 10 oz. copperas,
3 lbs. starch

;
boil, and add ^ pint pernitrate of iron at 80° T.

No. 211. Pink.—I gallon Sapan liquor at 8° T., 1 gallon water, 2 lbs. common salt,

1| lb. starch; boil, cool, and add 1 pint oxymuriate of tin at 120° T., 3 oz. measure
nitrate of copper at 80° T.

No. 212. Blue.— I gallon water, 1 lb. yellow prussiate of potash, 6 oz. alum, l^lb.
starch ; boil, and add f pint nitrate of iron at 80° T., U gill oxymuriate of tin at
120° T.

No. 213. Brown.— \ gallon berry liquor at 8° T., 2 lbs. light British gum; boil,

and add 1 lb. muriate-of-tin crystals, 2 quarts spirit pink No. 150, 2 quarts spirit purple
No. 214.

No. 214. Purple.— 1 gallon logwood liquor at 8° T., 1 gallon water, 10 oz. copperas,
.2 lbs. starch

; boil, and add 1 pint protomuriate of iron at 80° T., 1 pint oxymuriata
of tin at 120° T.

No. 215. Orange.— \ \ gallon berry liquor at 8° T., 12 lbs. light British gum ; boil,

add 6 lbs. muriate-of-tin crystals, 4 gallons spirit pink No. 211.
No. 216. Chocolate.—2^ gallons spirit pink No. 211, 1 gallon spirit blue No. 212.
No. 217. Eed.—3 gallons Sapan liquor at 4° T., 1 lb. sal-ammoniac, 1 lb. verdigris,

4^ lbs. starch
; boil, cool, and add 5 lbs. pink salts, 1 lb. oxalic acid.

No. 218. Yellow.— 1 gallon berry liquor at 10 T.,^ lb. alum, lib. Starch; boil,

and add 1 pint of muriate-of-tin liquor at 120 T.

No. 219. Green.—1 gallon spirit blue No. 212, 1 gallon spirit yellow No. 218.

No. 220. Spirit Pink for Blocking Madder Work.—4^ gallons Brazil-wood liquor at
108° T., 9 lbs. pink salts, 3 lbs. sal-ammoniac, 2 lbs. sulphate of copper, b{ oz. oxalic

acid dissolved in 1 pint water, 4^ gallons of 6-lb. gum-Senegal water, 1 1 quart oxy-

muriate of tin at 120° T.

Tenth Style: Bronzes.

The cloth is padded in solution of sulphate of manganese, the strongtli of which de-

termines the shade of brown produced ; for a medium shade of brown, suitable for

discharge colours, the liquor may be 80° T.

After padding and drying, pad the pieces through caustic soda at 24° T., and again

through caustic soda at 12° T., wince well in water, and then in solution of chloride

of lime at 2° T. till perfectly brown ; wash well in water, and dry.

The colours for printing on this dyed ground are so made as to discharge the

brown and substitute their own colour in place of it.

No. 221. Blue Discharge.—(a) 6 gallons water, 3| lbs. yellow prussiate of potash,

10 lbs. starch, 6 lbs. light British gum
;
boil, and add 12 lbs. tartaric acid, 6 lbs. oxalic

acid, Ij quart pernitrate of iron : then take (6) 5 quarts of this standard, 3 quarts

muriate of tin at 120° T.

No. 222. Discharge Yellow for Chroming.—(a) 1 gallon water, 6 lbs. nitrate of lead,

4 lbs. light British "gum
;
boil, and add 4 lbs. tartaric acid ; then take (b) 3 quarts this

standard, 1 quart muriate of tin at 120° T.

No. 223. Discharge Green.—2 quarts yellow standard No. 222 {n), 1 quart blue

standard No. 221 {a\ 1 quart muriate of tin at 120"
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c

A

No 224. Discharge Phik.-{a) 2 gallons Brazil-wood bquor at 12° T., 4 oz. sul-

phate of copper, 4 oz. sal-ammoniac, 4lbs. starch ; boil, and add 8 oz. moasuro oxy-

Zate of tin at 120° T. : then take (6) 2 quarts of this standard, 1 quart muriate of

*'Vo. 225° ^White Discharge.—2 gallons water, 8 lbs. Hght British gum
;
boil, and add

8 lbs.' tartaric acid, and 1 gallon muriate of tin at 120° T.

j5iac/l'.—Spirit black No. 210.
. . ^ i

• „
After printing, hang for a few hours, and wince in a pit with water freely flowing

into it; then wince in chalky water, again in water, then wincem bichromate of potash

at 4° T., to raise the green and yell«w ;
wash and dry.

_
i

•
i i

The discharging agent in these colours is the protomuriate of tin, which, by its

superior attraction for oxygen, robs the peroxide of manganese of a portion. Tlie

protoxide of manganese formed by this change being then soluble in the acid, and

subsequently washed away, the pigment Prussian blue and chromate of lead, also the

Brazil lake, are left fixed in the discharged place.
_ . . • n

Pencil Blue.—Before the introduction of steam blues and the species of mdigo blues

termed fast blues, the only blue that could be introduced into dyed prints was a solu-

tion of deoxidised indigo, dissolved in caustic alkali : this at first was applied by the

printer with a small flat bit of

wood termed a pencil ; he dipped

this in the blue colour, and in-

stantly applied it to the proper

parts of the pattern, thus the

colour arrived at the cloth before

it had time to oxidise and the

indigo to become insoluble. It is

evident that this process was one

of extreme clumsiness, as it re-

quired skill to apply the blue just

to the proper places, and an ap-

paratus for applying the blue,

still called pencil blue, was at last

devised. It consists of a copper

case or box a, (fig. 390) in which is

laid a frame b, filled with pretty stout canvas. The box communicates by a tube with

the cistern c, mounted with a stopcock p. Fig. 391 represents the apparatus in

plan : A, the box ; b the canvas ; with its edges a a a a, fixed by pin-points to the

sides. The coloured is teered, or spread even, with a wooden scraper as broad as the

canvas. In working with this apparatus, the colour being contained in the vessel c

is drawn off into the case a, by opening the stopcock d, till it rises to the level of the

canvas. The instant before the printer daubs the block upon the canvas,

the teerer, boy or girl, runs the scraper across it to renew its surface; and the

printer immediately transfers the colour to the cloth. In this kind of printing great

skill is required to give even impressions. As the blue is usually applied to somewhat

large designs, it is very apt to run ; an inconvenience counteracted by dusting fine dry

sand upon the cloth as soon as it is blocked. The goods must be washed within 24

hours after being printed.

Pencil blue, before the introduction of China blues, was printed by cylinder 'vnth a

doctor-box.

No. 226. Fencil Blue.—10 gallons of pulp of indigo, containing 40 lbs. indigo, 40 lbs.

yellow orpiment, 11^ gallons of caustic soda at 70° T., 18^ gallons of water, 4 lbs.

lime ; boil till quite yellow, when spread on glass ; let settle and thicken the clear with

120 lbs. gum-Senegal.

Pieces printed in pencil blue are washed in water immediately after drying and some-

times soaped a little. Mr. Bennett "Woodcroft, struck with the waste ofindigo attending

the printing of either China blue or pencil blue some few years ago invented and
patented a method of printing pencil blue by the cylinder machine. His plan was to

attach to an ordinary single-colour machine an India-rubber apparatus which enve-

loped the colour-box and piece after printing : this apparatus was filled with coal-gas

;

a glass plate formed part of the long bag through which the piece travelled after printing,

so as to enable the printer to see the progress of his work. By this means the de-

oxidised indigo was fairly applied to the cloth, and oxidation only ensued when the

piece left the apparatus. The saving of indigo was said to be considerable, but the

plan was not generally adopted.

Pencil blue is sometimes printed along with garancin mordants and dyed garancin.
The blue withstands the dyeing and clearing. In America it is often thus printed.

SATnn.owER Dtphno.—The. beautiful but fugitive colouring matter of safflowor in

Du2
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appl iocl in the printing for dyoing a Kolf-coloiir, gonomlly after the goods have been printed
in black and red mordant, or black alono, and dyed madder or garancin. It is com-
monly used for cotton velvets, the colour given to velvet appearing very brilliant from
tho nature of the cloth. The process is as follows :—Safflower contains two distinct
colouring matters ; one yellow, being soluble in water ; and tho other pink, insoluble in
water, the latter only being valuble. The yellow matter is therefore carefully washed
away. To oifoct this, the safflower is put into canvas bags, 4 lbs. in a bag, and these
bags put into running water and occasionally trodden upon till tho -water runs off

perfectly colom-loss from them. 12 of these bags are then emptied into a cask with
90 gallons of water and 10 quarts of pearlnsh liquor at 24° T., stirred up for 2 hours
after standing all night, drain off tho liquor, add 90 gallons more water and 3 pints of

pearlash liqiior ; stir up well, and after standing for three hours, drain off again ; this

weak liquor is saved for putting on fresh safflower : about 30 gallons of the saflower

solution is put in a tub mounted with a wince over it, and a mixture of vinegar and
lime-juice is added to it till it is feebly acid to test-paper. The carthamic acid, a red

colouring matter of safflower, is thus precipitated, and remains as an exceedingly fine

powder in suspension in the liquid ; 2 pieces of 30 yards of velvet are put in and
winced backwards and forwards five times, then wound upon the reel and allowed to stay

there halfan hour, then wince five times more, wind up again and let stay half an hour

;

wince again five times and wind up again ; run off the liquor and put in 30 gallons of

fresh liquor and acid as before
;
repeat tho process wincing three times of five ends each,

and letting lie wound on the reel half an hour each time ; then take out and wince in

very dilute acetic acid, hydro-extract, and dry. Tho pieces when wound on tho reel

should be opened out flat or they might bo uneven. Carthamic acid, being of a

resinous nature, has the property of attaching itself to cloth, and dyeing it a beautiful

pink like the petals of a rose : this dye is very fugitive, strong sunlight oven being

injurious to it. There has been no way yet discovered of making it permanent.

MuEBXiDE.—The purpurate of ammonia, or murexide, was discovered by Liebig

and Wohler in 1838, and in its pure state is one of the most beautiful products of

chemistry. It is a crystalline substance of a beautiful metallic green, like the_ wings

of the cantharides fly, and is produced when uric acid is dissolved in dilute nitric acid,

the solution evaporated somewhat, and ammonia added ; from the beautiful ci-imson

liquid, murexide crystallises. This substance had, until a short time ago, no practical

application. M. Albert Schlumberger discovered that metallic insoluble salts, pos-

sessing all the brilliancy of the original substance, coiild be made ; and this fact was

soon applied to a practical use by the French chemists, who succeeded in fixing a

beautiful murexide crimson upon cotton cloth. The process was patented in this

country for French interests in February 1857, and was for some time in extensive

use. The process is as follows :

—

Print in the colour.

No. 227. 1 gallon water, 4 lbs. nitrate of lead, 1 lb. murexide, 1^ lb, starch ;
boil.

After printing, hang a few hours, then run through a cistern with rollers above and

below, and provided with a cover, through apertures in which the pieces enter and

leave. This cistern is kept supplied with ammoniacal gas ; on leaving this cistern they

pass into water, and from that into a cistern charged with 2 lbs. bichloride of merciu?y,

4 lbs. acetate of soda, I lb. acetic acid, 80 gallons water ; run very slowly tlirough this,

wash and dry. In the first operation purpurate of load is formed on the cloth, and

in the second, or changing bath, the lead is wholly or partly removed, and oxide of

mercury left in its space ; the resulting lake is a colour of great brilliancy and purity,

60 much so that few of the ordinary colours will bear to be looked at along with it.

Though perfectly fast as to soap, it appears that strong sunlight is rather injurious to

its permanency.
. ^ , . ,

This colour is now of historical interest only, anihne magenta having entirely

Tendered it obsolete.
t .i „ i ^

A few outline illustrations of the various madder styles will render them more clear.

1 a. Black, 2 reds, purple and brown on white ground. Pnnt by machine in

colours 4, 5, 6, 9, 27, (No. 12 shade) and 18; age 3 nights; fly-dung at 160° 1-.,

second dung at 150° F., wash and dye with French or Turkey inadder bringing to

boil in If hour, and boiling i hour ; wash and soap twice at 180° F., wash
;
chlorido-

of-lime bath (see No. 1 plate purples), Avash and di-y.
_

1 b. Black, red, white and brown figures, covered in purple. Hint in colours,

4, 11, 34, and 18 ; when dry, cover with a fine pattern in 27, 12 shade)
;
age 3 mghts ;

flv dung at 170° F., second dung at 160° F. ; wash, dye, and dean as 1 «.

1 c Print in colo urs 6, 7 (No. 3 shade), 34
;
dry and cover in 7,(6 shade) and blotch

(or pad with a roUer engraved M'ith a pin, which lias the effect of giving a uniform

shade) in 7 (10 shade) ;
age three nights, and treat as described under the head Swiss

1 d. Somo printers prefer to mordant for Swiss pinks with alkaline mordants, con-
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Bidorinff tlie composition of the colours to bo a guarantee against their containing

iron in such case, they print in colours 31, 32, and 35, covering in paler shades

«f ^9 nfVfirdveine; fly-dung with 3 cwts. cow-dung, 12 lbs. sal-ammoniac, 1,000 gallons

watrrat llO" F. ; second dung with fcwt. cow-dung at 110° 15 minutes ; wash and dyo

r« for 1 c In this method of mordanting, the aluminate of soda that has escaped do-

composition by the carbonic acid of the air is decomposed by the muriate of ammoma,

and alumina precipitated on the cloth.
-a ^. • ^ c,o

2 a Black: chocolate, red, and brown on white ground. Print m colours 5, 13

(6 shade), U, and 22 ;
age 3 or 4 nights; fly-dung at 160° F., second dung at 160° F.,

and dye with chocolate garancin or garanceux (see p. 638).
^ .^^ ^

2 b. Black, chocolate, red, and purple. Print as 2 b, but dyo with purple garancin

^^^3
J" Fo?chintz work treat as 1 a, then in the parts of the pattern meant for ground-

in<^-in, block the colours 118 yellow, 119 green, and 110. If the pattern is such as

to admit of it. all these colours may be printed at once from one block, using the toby-

ing sieve, p. 585 ; the colours, however, for this method must be thickened with gum

;

steam, &c., as described for steam colours.

3 b Black, 2 reds, blue, green, and yeUow covered in drab, or other shades, l-rint

in 4 6, and 7 ;
dye, &c., as 1 a ; block in colour 38 with a block which covers all the

pattern, and also those portions which are intended for the steam colours : when this

paste is dry, cover by machine in any of colours 40 to 47, age 2 or 3 nights
;
fly-dung

at 160° F., second dung at 150° F., and dye with bark, or bark and logwood or

cover in colour 48, and dye madder and bark as dir: g (p. 642) for chocolate
;
or

cover in colour 49 or 51, and after drying and ageing, wincing m chalky water
;
or m

any of colours 55, 56, or 57, rinsing in carbonate of soda liquor at 5° T. when dry.

After obtaining the ground shade by any of these processes and drying, ground in by

block colours 118, 119, and 110, steam, wash, and dry.

3 c. For furniture hangings, wliich are generally printed in large groups of flowers,

a very pretty pea-green ground is often blocked in as groundwork, which is made and

fixed as follows :

—

No. 228. Fea-Grcen.—{a) Standard: 6 lbs. sulphate of copper, 1 gallon water,

4 lbs. brown acetate of lead; dissolve, let settle, and use the clear.—(6) Colour, 2

measures of standard, 1 measure of 7-lb. gum-Senegal solution.

After printing, age two nights, and pass through a cistern with roller, set with

caustic potash liquor at 15° T., which has 8oz. per gallon of arsenious acid dissolved

in it. The liquor should be heated to 110° F. ; out of this wash and dry.

3 d. Instead of blocking-in steam blue and green, fast blue and green are introduced

where the colours are required to be particularly permanent; colours 62 or 63 or both

are blocked-in and raised as follows:—5 stone cisterns, each mounted with a hand

reel, and containing about 200 gallons each, are set with carbonate-of-soda liquor,

No. 1 at 7° T., No. 2 at 6° T., No. 3 at 5° T., No. 4 at 4° T.,_ and No. 5 at 3° T.

;

wince 10 times backwards and forwards in each pit, beginning with No. 1, and ending

with No. 5 ; wince in water and wash. The change that takes place^ here is similar

to that in raising China blues. The indigo is maintained in a deoxidised state by ths

protoxide of tin formed, until it has fixed itseK in the cloth by reoxidation in the air.

Where fast green has been printed, the pieces are winced in bichromate -of-potash

liquor at 4° T. for 10 minutes, then washed and dried.

3 e. Black and purple and white with buff ground. Print in 4 and 27 (12 shade),

age, dung, and dye, &c., as directed for plate purples (p. 635) ; block over the pattern

and portions of the unprinted part the paste No. 39 ; blotch with pad roller in No. 63

(6 shade), dry and raise as follows :—^Wince 14 minutes in caustic soda at 2° T. at

110° F., then wince tho water till quite buff, then wince in 400 gallons water with 1

quart chloride of lime at 12° T. 10 minutes ; wash and dry.

Silk-FrintiHg.

Silk, in its capacity for receiving colours, holds a medium place between cotton and

wool. From its being an animal substance, it is difficult to obtain white grounds or

objects after dyeing mordanted silk, the silk itself attracting colouring matter some-

what as a mordant. Previously to printing silk, it is well scoured by boiling for

2 hours with \ Vo. of soap to every pound of silk, then well washed and dried. For

handkerchiefs, black, chocolate, and red mordants are printed, aged, and dunged^ off

same as for cottons, and dyed with madder or garancin, soaped, washed, and dried.

Purples cannot be obtained on silk by mordanting and dyeing madder, the colour

produced being a mixture of red and purple. All sorts of colours can be produced on
silk by steam, the wliites remaining brilliant. For steam colours, silk is mordanted
with tin, by steeping 4 hours in a solution of sulphomuriate of tin at 2° T., mado by
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^^i?7o'°^
crystals in water, and adding lib. of sulphuric acid

1 • I mi'
^^'J/oducing to 2° T. After steeping, the silk is wasliod with water, and

uried. iho follo-\ving are specimens of steam colours for silk :—

n?°fl^^^*
2 gallons logwood liquor at 8° T., 1 quart iron liquor at 10° T.,

lib. flour, lib. light British gum; boil, and add 0 oz. yellow prussiato of potash;
cool, and add 2 oz. sulphate of copper, 1 pint muriate of iron at 80° T., A pint pernitrato
of n-on at 80° T. ^ i r

No. 230. Chocolate—2 gallons of Sapan liquor at 12° T., 6 quarts logwood liquor
at 12° T., 1 quart bark liquor at 1G° T., 2 lbs. alum, 1^ lb. sal-ammoniac, 14 lbs. gum-
Senegal.

No. 231. Bed.—3 gallons of cochineal liquor at 4° T., I J pint bark liquor at 12° T.,
3 lbs. starch

;
boil, then cool, and add 1 lb. oxalic acid, 1 lb. muxiato-of-tin crystals.

No. 232. Yellow.—3 gallons of bark liquor at 16° T., 8 oz. alum, 3 oz. muriato-of-tin
crystals, 3 oz. oxalic acid, 9 lbs. gum-Senegal.

No. 233. Green.—1 gallon of yellow. No. 232, pint extract of indigo, 2.^ oz.

measure of muriato of tin at 120° T.

No. 234, Blue.—1 gallon of water, 1 lb. yellow prussiate of potash, ^Ib. oxalic acid,

I lb. tartaric acid, 2 oz. sulphuric acid at 170° T., 1 gallon of 6-lb. gxmi-Senegal water.
Aniline colours for silk do not require any fixing substance, such as albumen, the

silk itself being capable of combining with such colours. A preliminary mordanting
with muriate of tin, thoughnot essential, impro.ves the shades, and is given as follows :

—

Wince the silk for one hour in muriate-of-tin solution at 1 J-° T,, wince in water, and
dry. The following colours will show the exceedingly simple nature of these prepara-

tions :

—

No.235. Barh Magenta.—6 measures of 3-lb gum-Senegal solution, and 1 of Simpson's

No. 2 Koseine.

No. 236. Pale Magenta.—6 measures of 3-lb. gum-Senegal solution, and 1 of Dark
Magenta colour.

No. 237. Blotching Magenta.—8 measures of 3-lb. gum-Senegal solution, and 1

of No. 2 Eoseine.

No. 238. JDarJc Primula.—20 measures of 3-lb. gum-Senegal solution, and one of

Hofmann's Violet.

No. 239. Pale Primula.—4 measures of 3-lb. gum-Senegal solution, and one of Dark
Primula colour.

Mauves are reduced the same way, but using Hofmann's Blue Violet Liquor.

Artificial gums will not do for silks, as they leave the silk stiff and harsh. Steam

as usual for half an hour with rather a low pressure, wash and dry.

No. 240. Aniline Black.—This splendid and unique black was invented by the late

Mr. John Lightfoot, of Accrington, in 1859, and patented in January 1863. This black,

when developed on the cloth, is unaffected by light or soap. Strong acids merely turn it

dark green, the black colour being restored in all its intensity by alkalis. Strong hypo-

chlorite-of-lime solution turns the black into a chocolate or dark brown, but long

washing with water restores the black, with scarcely any loss of strength. It can be

printed along with steam colours and madder colours, and with lead oranges and

yellows. There is no colour that can compare with it in fastness. Exposure to air

containing sulphurous acid or sulphuretted hydrogen causes the black to turn dark

green, but the black is immediately restored by a passage in soap solution. For_ the

invention of this black Mr. Lightfoot received the gold medal of the Society Industrielle

of Mulhouse. The original colour was the following:—One gallon of starch paste at

1 lb. starch per gallon, 4 oz. chlorate of potash, 8 oz. aniline previously mixed with

8 oz. measure of muriatic acid of commerce ; 4oz. measure of chloride-of-copper solution

at 8*8° T., 2 oz. of sal-ammoniac. It was soon found thatfrom its great acidity and the

action of the copper salt upon the steel ' doctors ' of the printing machine, tliis colour

was too inconvenient for general use. H. Cordillot proposed in December 1863, a black

made with ferricyanide of ammonium : which salt had, however, been previously

mentioned in Lightfoot's specification ; but the colour was dear, decomposed rapidly,

required a high temperature for its development, and attacked the fibre of the cloth,

inconveniences which caused its speedy abandonment. The discovery of Charles

Lauth, of Paris, that sulphide of copper used in place of chloride of copper, whilst

being nearly unacted upon by the other ingredients of the colour until the printing

had been performed, underwent speedy decomposition when on the cloth and a soluble

copper salt was formed by oxidation of the sulphide by the chlorate of potash, ^ve

the crowning impetus to this colour, audits use became universa by printers.
_

The

action of the hydrochlorate of aniline upon the steel ' doctors still proving an incon-

venience, M. CamiUe K<Echlin substituted tartrate of aniline for the hydrochlorate,

Sng chloride of ammonium, in order to decompose this tartrate when upon tJio

cloth?and reproduce hydrochlorate of aniline, which salt as ossential for the proper

development of the black. The modified colovu- of C. KcEchhn is still largely used in
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A rflcitje for ibAvill bo found below. James Higgin patented subse-

France, and the recipe lo
chromium, such as tungstate, arsenate,

quently the employ"^^'^*^, °* f'^'^ °^ arseniato or tungstate, hydrochlorate

S,c., mi^ed wath an insoluble^o^
them. In this colour the

of aniline and chlorate

f
P°^;^\^/^°^^^^^

ehromic acid being formed and instantly

chrome osde ^9^^^^%?; '^^fJ ch oride of copper being also formed by the

decomposed again by the a^^^^^^^^^^^
^^^^^.^^^ ^^pp^^ ^^^^her

mutual reacticm of the
v,«« bten and is largely used. There is still some

assists in the reaction. This
^^fj^^^^^^^^^^^f, J a Hability of tendering the cloth

action of this colour upon he ' doctor;

Sy act coupon the steel ' doctors,' Higgin
when printed in heavy masses. To pievent any acuon V ^ sulphide of

patented the use of the disxilphocyam^^^ J. .^^^

?• tLli^im" aUt. if o«S° i ™s,d instead of cMorai of potash

Sthout tSring the fibre, a so that the intensity of the black is so great owing to

SflarL quan^^^^^^ used, that it resists the action of a sulphureous atmo-

irefikfthrof m^^^ longer than other blacks. Lightfoot proved

bVseW that the only metals which develops anilmo back from a

SXe i SrSorate of aniline and chlorate of potash are vanadium, copper,

and iron. Their activity is in the order in which they are here placed.

S bTi fromTon salts is not nearly so good as that from copper and practically a

SS Sn only be made where a copper salt is employed. The exact _
reactions

fet up in the aniUne-black colour have not been yet satisfactorily explained. M.

Srandt,Tn a paper recently read before the Society IndustrieUe of MuLhouse asserts

fhat there are^wo distinct blacks, one of them of a browmsh shade and the other of a

blue shade, and that a black of the best and most solid appearance is a mixture of the

^'^No^^S; G. K(BchlMsBlacJc.-20 lbs. of starch, 20 lbs. dark British gum,2i gallons

of aniUne, 2+ gallons of water, beat up weU together, and add the following solution :

8 gallons of water, 11 lbs. chlorate of potash, 11 lbs. of sal-ammoniac ;
boil all well

for n hour and cool, then add 1 gallon of sulphide-oi-copper paste. When about to

print' add to every gaUon of the above colour 22 oz. of tartaric acid dissolved m
1 pint of hot water, it must be added gradually, and well stirred m This is a very

disagreeable colour to make, and a quantity of the aniline is boiled offi The sulphide

of copper is made as follows :— » i . j- i

A. 2 quarts of caustic soda solution at 70° T., 1 lb. of flour of sulphur, dissolve

by constant stirring ;
, ^ ^ , -ao t.

B 9 gallons of water, 5.^ lbs. sulphate of copper, heat to 170 H.

Add A to B, stirring well, let settle and wash by decantation 4 times, filter to

2 quarts of paste.
j. . , ii. i,

No. 242. Higgin's Disulphocyanide-of- Copper Black.—1 gallon of water, 1 lb, wJieat

starch, 1 lb. dark British gum, 2 oz. of disulphocyanide paste, boil, and add 8 oz.

chlorate of potash, cool, and add 1 lb. of hydrochlorate of aniline.

No. 243. lAghffoot's Chlorate-of-Soda Black—\ gallon of chlorate paste, No. 244

48 oz."measure basic hydrochlorate-of-aniline solution, No. 246, 1 pint sulphide of copper

No. 244. Chlorate Paste.—10 gallons of water, 23 lbs. wheat starch, 6i lbs. sal-

ammoniac 4 lbs. chlorate of potash, 2 gallons chlorate-of-soda solution. No. 245, boil

^°No°245. Chlorate-of-Soda Solution.—1 gallon of caustic soda solution at 70° T., 13

quarts of water in which has boon dissolved 7i lbs. tartaric acid, heat up to 170°

and add 12 lbs. chlorate of potash, dissolve, and add a solution of 7\ lbs. tartaric

acid in 6i quarts of water, stir till cold, filter and press the sediment with a weighted

board, then take it off and mix with 1
J-

gallon of cold water, and filter and press

again.' Mix the filtrates, and set at 28° T.
. . ,

No. 246. Basic HydrocMorate of Aniline.—8 measures of amline and 6 of muriatic

acid at 34° T,

Aniline black unless basic should not bo hard dried after pnnting, but only justenough
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to proront the coiour from marking off on tho whito grounds. Tho pieces elioulrl

^
o^. par gallon, at 160° 1'., -wiishod and dried ; or thoymavhave a vnBsam afterward.

or Tv m^tW ""n
^" "^^'^^^ ^ve/a WnorSLtfor tlioy may bo raised by a passage in boiling soap solution. If printed alon^ w^thlead-orange (No. 64 a.), the process is as follo^vs :-lst. Give a paLSe of aniinute in a liquor composed of 2i lbs. sulphato-of-soda crystal and 3 o^ ofbichromate ot potash per gallon of water at boil. 2nd. Wince^ in cdd wat^r 3rAWince in a liquor composed of 100 gallons of boiling .^ater, 1 gallon of bicCmato S

potash solution at 18° T., 24 oz. measure of caustic loda solution at 70° T S thegoods in until the orange is well dyed, then prince in cold water and soap at 160° F
wast and^cby

^ ^"""^ ' containing 2 lbs. of soap to 100 gallons of water, then

When aniline black is printed along with madder mordants, the ordinary dunmncprocess raises the black at the same time as it prepares the mordants for dveine
_

Printed along with colours intended for steaming, a passage in ammonia vapoux isgiven to the goods^ after ageing and before steaming. This is necessary in order toneutrahze the acid in the black, which would tender the fibre, if not neutralised.
I Ills ammonia passage is given in a rectangular box, wliich is 7 feet long, 4 feet wideand 6 feet deep

;
provided with rollers at the top and bottom ; a Uning of sheet lead

for about 6 inches deep is put in the bottom of the box; a steam-pipe is placed along
the bottom of the box, lengthwise, down the centre, a smaller pipe is placed alone thl
steampipe, on the top of it

; this pipe is perforated with smaller holes. A lid covers
the whole of the box, except a slit through which the pieces enter, and another bv
which they leave after passing up and down over and under tho rollers. Steam being
turned on the pipe, liquid ammonia is allowed to run into the small pipe from a
reservoir outside, and to issue from the perforations, di-opping on the steam-pipe
The pieces are now passed through, and are then ready for steaming.
The last operation in calico-printing is what is called the Finishing, which com-

prehends starching, drying, breadthening, calendering, measuring, and making-up
The starching is a very important operation, simple as it may appear, in consequence
of the extremely varying requirements of the print buyers. A variety of starches are
used, differing in the nature of the paste they give when boiled with water, some
being gummy, and others firm and stiff, and at all degrees between the two. Com-
pounded starches adapted to different styles, are made and sold by the manufacturing
chemists.

Fiff. 392 is an. elevation and plan of a finishing room for calicoes, as arranged by
Mather and Piatt : a, circular boxes for receiving cloth

; b, wince for drawing cloth
from the squeezers in the dye-house

; c, opening wince for the cloth from the boxes to
the drying machine ; d. diying machine

; e, chloring machine
; f, steaming-box

; g,
water-mangle ; h, drying-machine

; i, starching-mangle
;
k, Jones' patent back stiffening

machine ; i, drying-machine
; m, engine and gearing for drying-machine

; n, engine
and gearing for chloring arrangement e, r, g, h ; o, engine and gearing for starching
arrangement i, K, x.

Several details which cannot be shown in this plan, can also be but imperfectly
described in words. The opening wince c, is placed at a height of 30 to 40 feet above
the cloth-box, the higher the better, the pieces arrive in the box a in the form of a
rope ; before any chloring or finishing can be done, this rope must be opened out, and
tho pieces presented to the drying-machine extended to the full breadth ; this is done
by a boy who sits on a platform near the wince, and the piece gradually untwisting

during its passage from the box to the wince, is pulled flat out by the boy just before

going over the wince c. Again the constant passage of tho pieces over so many
machines has pulled them lengthwise, and consequently diminished their breadth.

To counteract this, and restore the pieces to something like their usual breadth, a
peculiar roller, called a spreading roller, is fixed on every drying-machine. The
' spreading roller ' is composed of brass or iron diagonal saw-tooth grooved plates or

rails, each about 2 inches wide and fths inch thick, and of length according to necessity
;

each of these rails has 2 small friction puUies at one end, and 2 slide pieces in suit-

able places. The rails are mounted on the periphery of discs and cams supported in

their centres by a fixed shaft ; the discs are prepared with grooves to correspond with

the 2 slides in each rail, and work on the shaft by the pull of the cloth. The cams
are fixed at a variable angle, and give a throw causing a longitudinal motion of tho

rails, to open out tho cloth whilst passing over. The cloth enters into contact with

the spreader when the rails arc closed and loaves it at tho opposite side, when they
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S TotanS??
'

1

longitudinally Two rails compose one width as per
Jigs, aoj ana do-i, wlncb uro shown closed and open, having boon moved right and left

395

by moans of the excentric motion of the cams. Fig. 395 shows the saw teeth, diagonal

grooves, of the bars. The bars move each about 1 inch outwards from the centre, and
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the width. An opening machine,

Ta t'wiZm Bl?ch1)f Salford inTsH. i« now used by many calico-printera

P^tf^^^.i^^^' A detailed description of this

EVnfwoS invVe^TJ^ianT dra;wings for the

Te aSd aim of this work : a general idea alone of

iJ can bo here given. Fig. 396 is an end eleva-

L andV 397 a plan of part of the machine. The

siSo' frames a of tSe machine are bolted to upright

beams b or other framework at the upper part of

Sliding or other required place and the fabric

to be acted upon is drawn through the machine from

vats, receptacles, or other places at the lower part

of the building, by its being connected to the dry-

incr folding, or other machine to which they require

to go. In bearings at the top of the frames a there

is a shaft c carrying a roUer a! and bevel wheels e,

which gear into other bevel wheels / on shafts g, to

wliich are fixed spur-wheels h gearing into spur-

wheels i on stationary studs ^. To the spur-wheels

are cast or fixed chain-wheels I, and on studs at the

back there are chain-wheels m, and on cranked

levers n,o, chain-wheels p, the levers working on the

Btationary studs Jc. On the several pairs of chain-

wheels there are two pairs of endless bands _q,
hav-

ing external projections r and internal projections

9, the latter gearing with the chain-wheels, and

between these endless bands the fabric to be acted

upon is passed, and in order to obtain sufficient grip

the external projections on one of each pair of bands

passes between those on the other, and to prevent

the bands from bulging inwards there axe plates t,

one plate at each side, being connected to the arm

n, and the other plate at each side to a bracket u

connected to one of the cross frames.

"When the fabric has to be opened, spread, and

guided, it is passed between the endless bands and

the single and double corrugated bars, and over the

roUer d to the machine required, the central corru-

gated bar having been raised, to allow the passage

of the fabric, the bolts being withdrawn from the

slots for the purpose ; but when the connections are

complete the central bar is turned down and after-

wards bolted. When the machine to which the fabric

is connected is set to work, the fabric in its passage

turns the roller d, which gives revolving motion

to the gearing and horizontal travelling motions

to the endless bands from the centre to the outside

where they are in contact with the fabric, and these

outward motions of the bands open and spread out

the fabric.

The machine has also a very ingenious self-acting

arrangement for keeping the cloth from swerving

to either side during its passage through ; but a

description of it would be too elaborate for this

work. Every machine saves the labour of a boy or

girl. The drying-machine will be found described

in the article Bleaching. To extend the pieces to

their utmost width a machine called a breadthen-

ing machine is employed. Fig, 398 is Mather and

Piatt's belt-stretching machine : a is the framing

;

B, moveable frame, supporting the broadthening

pullies and belts, regulated for breadthening by

screws ; c, hollow bars, on which frame b slides, and

through which the screws for regulating work ; d,

breadthening pullies ;
e, tightening pidlies for end-

less belts ; F, endless belt, which works half round

c

pulley D and pullies B, and between the pulley d and tho belt, the cloth is held
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388

399

while being breadthened ; g, cloth passing through the machine
; h, batching ap-

paratus
; I, plaiting apparatus, the machine being prepared to either plait or batch ;

K, driving pullies. For some descriptions
of goods, such as furniture prints, a glaz-
ing calender is employed. Fig. 399 is an
elevation of Mather and Piatt's calender;
A, the framing with levers, screws, &c. •

B, metal bowl heated by steam or gas

;

c, paper or cotton bowls
; d, entering rails,

&c. ; E, batching apparatus
; f, cloth pas-

sing through the machine. The friction
of the heated metal bowl against the
cloth, pressing against the larger bowls
gives a glaze to the cloth. Pieces have
now to be made up in folds of uniform
length, generally about a yard. This
operation is done by girls hooking one
selvage of a piece backwards and for-

wards on long steel hooks, fixed on a
wooden frame, standing about 4 feet 6
inches from the ground; these hooks
are moveable, so as to give various
lengths of fold as required. Plaiting and

iOO



OALICO-PRINTINa 669

401

^

measuring machines have been introdiiced to economise

labour. Fig. 400 is Knowlos and Hajrward's plaiting

machine, of wliich Mather and Piatt are the sole makers.

It will plait goods of any quality or material, from the

heaviest drill to the finest muslin, however highly glazed,

laying them in folds of uniform length, which can be

varied as required : A is the framing of the machine ;
b,

fixed table on which the cloth is plaited
; c, cams for lift-

ing the folding blade, to which are also attached the cards

for holding cloth, rising as the thickness_ of the folds

increases; D, foldingkuives,moving longitudinally tomake

the fold, and vertically as the thickness of the folds in-

creases on the table
;

e, spring for relieving the pressure

of the cards on the cloth whilst it is being passed under

the cards which hold it on the retiirn of the blade ; f,

rack motion and compensating chains and weights for cams,

cards, and folding blades ; g, levers and quadrant raising

the cams, cards, &c.,when taking outcloth frommachine ;
H,

cloth being folded ;
i, draw rollers to give equal and regular

delivery of cloth to folding blades ; k, driving-pulley, &c.

The next step is to fold these lengths into three, and

pile the folded pieces in an hydraulic press, where they

are pressed, and are then ready for pacing and delivery.

Mff. 401 is a plan of a modern print works, erected by

Mather and Piatt ; a', the singe house ; b', grey room

;

c', bleach house. The second story contains the drjdng-

machine after bleaching ; d', white room, the second stoij

being the white store room ; e', printing room, above this

is the ageing machine and ageing room ; f', colour house

;

g', finishing room, above, the drying-machine after the

dyeing, &c. ; h', dye house, single story ;
i', boiler house

;

A, singe stove
;
b, mixing cisterns for the kiers ; c, kiers ;

d,

mixing cisterns for chloride of lime and sours ; b, washing

machines and engine ; f, squeezers and engine
; g, chloring

and souring machines and engine ; H, white squeezer and
engine; i,pilingwinces; K,printing machines ;

i,colour pans;

M, chloring, water mangle, drying-machine, and engine ; n,

starch mangle, and drying-machine
; o, finishing calender

and engine
; p, friction calender and engine

; Q, damping
machine ; e, making-up tables

;
s, first dunging ; T, second

dunging; u, dyeing; v, soaping; tv, washing machines

and engines
;
x, squeezers and engines

;
t, boilers.

Since 1840 there are no data as to the number of

but Mr. John Graham, in

an unpublished ' History of

the Lancashire Printers,'

gives a table, which he was
at considerable care to com-

pile from perfectly trust-

worthy sources, showing that

in the Lancashire district,

which includes also the con-

tiguous counties, there were,

in 1846, 128 firms employ-

ing—

640 cylinder machines.

39 perrotines.

7187 block tables.

The XDroducing power of the

Lancashire district having
thus been doubled in 6 years.

Several printing firms,

both in England and Scot-

land, have since that period

nnicli enlarged their powers
of production. There ara

printers in Great Britain:
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concL^ ofTo^ 10.000 pieces of printed clotli per week; and there are four

doS notfall^Z.^ f?''''''^',v^'°'°
""''^''^^ production at the present time probal.ly

qrntiiy printed
of TpioaoB per annum, or nearly ith of the total

anSr^imff^f/''''^'*
P""^j"g f^ince the repeal of the duty, risen steadily inimport-S rnil iwn^'^.r'^

""""^ influential manufactures of Great Britain. From a

were inS ^'"^ '=°'»^«°i'^ted by Mr. John Graham, there

In Lancashire
Scotland

,1 Ireland

„ America

Cylinder
MachinoB

Surface
Machines

1
Flat

Presses

1 Discharg.
ing

Presses

Block
Tables

247
t • • 4365

76 82 124 4997
13 1 308

106 ... 834

The following estimate of the exports of printed goods is from Mr. Potter's Lecture
before the Society of Arts, as reporter for printed fabrics exhibited in the Exhibition
of 1851:

—

• In reference to the exports of printed goods, our information is rather obscure,
owing to their being classed with dyed goods of all kinds. After considerable
tJiouglit and calculation, I have ventured to estimate them for 1851, at 15,544 000
pieces, or rather more than three-fourths of our entire production. These goods 'are,
however, many of

_
them of the cheap and more staple class of prints, or slight goods

suited to warm climates, and for markets where cheapness is the great- recommenda-
tion. In value, I should be disposed to estimate our export of printed coods at
6,775,000^.

X- r b

_

' In reference to the entire export of manufactured cotton goods (exclusive of yarns).
It may be assumed that out of 23,447,103^., given as the export of 1851, about one-
fourth may be placed to the account for the print trade. I have endeavoured to esti-
mate, from the Table of Exports for 1851, the probable quantity of low priced prints
we export, and should be disposed to class them as follows :—

' Coast of Africa and the Cape ,

New Zealand and South Sea Islands
China, Manilla, and Singapore
British West Indies
Foreign West Indies .

St. Thomas ....
India

Mauritius and Batavia .

Chili and Peru
Brazil and East Coast of South America
Egypt
Turkey, Ionian Isles, Greece, and Malta

Total

Pieces.

300,000
36,000

550,000
300,000
300,000

200,000

1,570,000

325,000

800,000
1,000',000

84,000

1,000,000

6,465,000

ion of goods, and where the

!iina—receive from us about

' I find those countries which take our lowest descripti

duties are chiefly very light—our Colonies, India and C
6^ millions of pieces, or about 40 per cent, of our export in printed goods. A great

proportion of the finer part of our exports, perhaps three-fourths, are very seriously

taxed, either for protection, as in the United States, the Zollverein, and Belgium, or

for revenue, as in Brazil and the other South American markets. A part, however,

of these better goods find their way into consumption in Canada, Turkey, the Ionian

Isles, Egypt, &c., subject to very moderate duties.'

—

(Potter.)

' The home-consumption,' says Mr. Potter, ' I estimate at 4,500,000 ; tlie excise

returns for 1830 gave it as 2,281,512 pieces. The repeal of the duty, and the decrease

in the cost of production, giving tlie consumer goods in much better taste and value at

one-half the price, have greatly tended to this increase.' ' The immense increase of

production in lower goods has not decreased the taste in the higher in this country,

though it may have caused it to make loss apparent progress than whcntlie larger part
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w wac! of fine coods. We find specimens of good taste on tlio lowest material,

of the supply ™^ for export, showing a taste superior to that in use

printed at the lowest possible^^^^^^^ B
^ ^^^^^ ^^^j

for our l^es^orkj^we^^^^^^^^ ^^^^.^ , ,

in engraving- the cose oi pr r
otherwise than beneficial, even tc

orWucSons as prep^^^^^^^ and demand for them in countries

the higher class ofP™7°X\lT Jven prints any admission. The improvement
where high pnce

''''''''^^ZfJ^^J^.^^^ the higher, either in the moral, intellec-

fJ'lrTrtLrc W^^^^^
iSghest class of Prench goods ot

tual, or
„ „_„ superior in taste and execution to those ot

any tormer P^^"'^- , superior in taste and execution, in every respect,

rSSeVf foSe G^eat co^^petition and rapidity of production are not imme-

LtZbenS to Si finish and execution in art; but this tendency to quickness

S Wuction r^^^^^^^^ perfection, rectifies itself; and machinery, which perhaps

^ fifties nof o^ve the polish that excessive labour formerly supplied, iiltimately

ScSk by ite cheaper and more regular application. It is remarkable l^ow taste

nfnovelivZ that class of demand, which would strike the casual observer as the one

fittTfeCgrealBrd^ is limited in quantity. The limit or, commencing

^0 nt in which taste or novelty enters freely into the composition of a print, is for the

the wSmu^ and middle classes of society. They require it quiet, modest

and useful and any deviation, for the sake of novelty, which calls in the aid of the

Strand lei pe™^^ cdour, quickly checks itself. The sober careful classes

of society cUng to an inoffensive taste, wliich will not look obsole e and extravagant

3to Kpse of such a time as would render a garment comparatively tasteless and

SasMonable in a higher class. This trade is, to the printers, most extensive and

vSuS^and has its necessary and practical bearing on his taste ;
and hence it is m

Ss branch of the business the English printer is most decidedly superior to his

Xtr'etZf gTven in the 'Annual Statement of the Trade of the United King-

dom' for our Export of Piece Goods Pnnted in 1872 is as follows :—

Declared real value.
£

63,626
To Eussia ....

Germany
Holland
Belgium . • •

France . # • •
_

Portugal, Azores, and Madeira

Spain and Canaries

Italy . . _
•

Austrian Territories

Greece ....
Turkey Proper
Wallachia and Moldavia

Egypt ....
Morocco.
Western Africa (Foreign)

Eastern Africa (Native)

.

Java ....
Philippine Islands .

China ....
Japan ....
United States (Atlantic)

„ (Pacific) .

Foreign West Indies

Mexico . • •

Central America .

United States of Colombia

Granada)
Venezuela
Peru ....
Chili . .

•

Brazil . . • •

(New

Yards.

1,889,670

85,234,674

20,967,930

3,638,892

70,110,273

23,159,470
10,692,446

29,128,900

4,907,900

8,878,200

115,600,200

3,111,700

39,836,660

I,075,100

19,374,087

788,000

12,369,400

3,211,900

16,812,000

3,334,900

72,347,144

2,017,900

58,375,029

II,778,960

2,450,003

65.497,182
14,333,853

11,053,460

29,819,900

94,108,598

1,796,691

476,606
87,041

1,551,046

381,454
213,811

608,644
103,948

177,339

2,382,843

68,814

740,195

31,211

366,204
16,368

216,792
79,208

339,065
81,861

2,108,152

39,149

1,166,147

212,042

11,828

1,025,472

310,033

210,922

520,633

1,941,187

Carried forward . 825,680,121 17,306,932
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Declared real valne.

T> 1 » Yardg. ^
>P„TT

Brought forward 825,680,121 17,305,922

y^!^^7 • • • • 17.917,716 342,744
Argentino Ecpubhc

. . , 29,133,027 571,638
i^'''™^ 15.018,400 322,499

• • • • 3,152,800 54,628
Western Africa (Eritish) . . 16,509,200 300,137
JBntish Possessions in South Africa 13,462,313 343,441
^f^^V^itius 4,714,119 81,092
iiritish India : EomLay and Scindo 32,697,100 536,600

„ Madras . . . 4,989,660 88,613
„ Bengal and Burmah 73,688,763 1,164,270

Straits Settlements . . . 18,688,600 341,720
Ceylon 5,365,800 114,765
Hong Kong 12,416,400 304,896
Australia 19,072,010 614,112
British North America . . . 18,667,293 412,673
British "West India Islands and

British Guiana . . . 29,972,984 419,641
Other Countries .... 4,538,369 86,513

Total . . 1,144,566,264 £28,304,694

It would appear that occasionally attempts were made, during the early days of
printing, to produce work possessing a high degree of artistic exceUence; and as the
specimens that have been preserved to our time are Tcry rare, it is fair to conclude that
these experiments were not successful in a pecuniary point of view. In the museum
of the Peel Park, at Salford, there is a curious and interesting piece of printed
linen, bearing the date 1761 (at this period cloth of all cotton was prohibited), and
which must have been printed from copper plates of very unusual size. Apparently,
the pattern has been produced by two plates, each about 4 feet 6 inches by 3 feet.
The design is printed in madder red, and is thus described by Mr. Plant, the curator
of the museum. ' The printed piece of linen measures, in the full length of the
design, 6 feet 10 inches by 3 feet 2 inches in breadth. The composition in the design
is very bold and free—in my opinion indicating very strongly the feelings of an artist
•who had been educated in the Plemish school. The grouping of the trees, figures,
cattle, and fowls, is probably a direct copy from an engraving or sketch by Berghem,
whose paintings and engravings of such subjects ara well known for their truth to
nature. His works bear date 1638 to 1680. Perhaps, to fill up the design, and form
a picturesque composition, the artist has borrowed from the French painters the classic
ruins which form the sides of the design ; it has had the effect of producing ac
anachronism. The upper group represents a peasant seated upon the wall of a well
blowing a flute ; near him stands a woman with a distaff ; a. group of sheep, cow, and
a dog, in the foreground. The background shows, a landscape, and on each side this

group are ruins, columns, and trees, reflected in the stream below. On a broken
bank, midway between the two groups, are two dogs chasing a stag. The lower
group, although there is no defined line of separation between the groups, represents

a peacock, fowls, and chickens, upon a bank and ruins
;
landscape and river scenery

beyond. Over, a hawk carrying a chicken, the sides occupied with a ruined portico,

tomb, and pedestal and vase, trees, and broken ground; and below are ducks
swimming, and water-plants on the bank. At the bottom of the piece are those parts

of the pattern which would print or fit on the top part of the design. Oji the stone-

work of the well, in the upper group, is printed, ' E. JONES, 1761
;

' on the broken

stone-work, in the centre of the lower group, is printed, 'E. I. and Co., OLD
FOED, 1761."' Old Ford is situated at Bow, where the East London Water Works
now are, and where there was a print-works at the time specified. This design

was no doubt printed for furniture hangings or tapestry, for which it is exceed-

ingly well adapted, and the work being altogether a remarkable production for the

period.

CAXiIPBRS ; CAXiIPER C02VIPASSSS« Compasses with bowed legs, em*
ployed to measure the size of any round or conical body. In use, the two points are

opened to the required width, and so much wood, metal, or stone is turned off the

piece of -work, that the two points exactly fit.

CAl^XC. To drive oakum, or untwisted old tarred rope into the seams of any
vessel to prevent water from entering it or to stop a leak. After calking a ship, hot

tar is applied to protect the oakum driven in. Calk is a term used amongst miners
for lime.



CALOMEL 673

CAXiXiOOS HE1«P. A fibre obtained from one of tlie Asiatic nettles—probably

the Uriica tenacissima, whicli is a native of Sumatra and Eungpore. Its fibres are

AvnflfiHinMv stronff, and are converted into cordage. China-grass cloth, and some

SSics are made from the fibres of the Nettle. SeeN™
CAlIiOW. The top or rubble bed of a quarry. This is obliged to be removed

before the useful material is raised ; it is the groat source of expense in working a

ouarrv —(Brande). Frequently termed the ' ovorburthen.'
_

CA^XiYS or KAIiIiVS. An old Cornish term, still used in the remote mining

districts, and applied to hard ground—chiefly to a variety of the Killas or Clay

Slate

CAIiOAKEZi. (Chlorure de Mercure, Fr.; Kalomel, Chlormcrcur, Versusstes

Quecksilber, Ger.) The sub-chloride of mercury, or mercurous chloride of modern

chemists Hg=Cl (H&^Cl^). Calomel is found native in the Palatinate, in crystals

often well defined, coating the cavities of a ferruginous gangue, associated mth cin-

nabar ; also at the quicksilver mines of Idria in Carniola, at Almaden in Spam, and

Horzo-witz in Bohemia. The native calomel is known as hom-quicksilver. The manu-

facture of this substance upon the large scale may be performed in various ways.

The cheapest, and most direct consists in mixing 1| part of pure quicksilver with 1

part of pure nitric acid, of specific gravity from 1-2 to 1-25; and m digesting the

mixture till no more metal can be dissolved, or till the liquid has assumed a yellow

colour. At the same time, a solution is made of 1 part of common salt in 32 parts of

distilled water, to which a little muriatic acid is added ; and when heated to nearly the

boiling point, it is mixed with the mercurial solution. The two salts exchange bases,

and a° subchloride of mercury precipitates in a white powder; wliich, after being

digested for some time in the acidulous supernatant liquor, is to be washed, with the

greatest care, in boiling water. The circumstances which may injure the process are

the following :—1. When less mercury is employed than the acid can dissolve, there

is formed a nitrate of mercury which gives rise to some corrosive sublimate and

causes a proportional defalcation of calomel. 2, If the liquors are perfectly neutral

at the moment of mixing them, some sub-nitrate of mercm-y is thrown down,

wliich cannot be removed by washing, and which gives a noxious contamination

to the bland calomel. The acid prescribed in the above formula obviates this

danger.
'

The following are the directions given by the London College for the preparation

of this salt :—2 lbs. of mercury are boiled to dryness in a suitable vessel with 3 lbs. of

concentrated sulphuric acid : the sulphate of mercury thus obtained is rubbed when
cold, first with 2 lbs. more mercury in an earthen vessel until perfectly mixed, and

then thoroughly incorporated with l^lb, of chloride of sodium ; the whole is then

sublimed in an appropriate vessel ; the sublimate is rubbed to a fine powder, and

then washed with boiling distilled water, until the washings are no longer tinged

by sulphuretted hydrogen. This process is absolutely necessary in order to re--

move every trace of corrosive sublimate which is always formed in greater or less

quantity.

At Apothecaries' Hall 60 lbs. of mercury are boiled with 70 lbs. of sulphuric acid

to dryness in a cast-iron vessel ; 62 lbs. of the dry salt are triturated with 40| lbs. of

mercury until the globules disappear ; and 34 lbs. of common salt are then added.

The mixture is submitted to heat, and from 95 lbs. to 100 lbs. of sublimed calomel are

obtained. It is washed in large quantities of distilled water, after having been ground
to a fine and impalpable powder.

According to the patent, of Mr. Josiah Jewell, the vapour of calomel was to be
transmitted into a vessel containing water, in order to condense it at once into an
impalpable powder. But this process was beset with many difficulties. The vapour
of the calomel was afterwards introduced iftto a large receiver, into which steam was
simultaneously admitted ; but this plan has also been found to be precarious in the

execution. The best way is to sublime the calomel into a very large chamber from
an iron pot, in the same way as the flowers of sulphur are formed. The great body
of cool air serves to cause the precipitation of the calomel in a finely comminuted
state. It is afterwards washed with water, till this is no longer coloured by sulphu-
retted hydrogen.

A patent was obtained in September 1841, by Anthony Todd Thomson, M.D., for

an improved method of manufacturing calomel and corrosive sublimate, as follows :

—

This invention consists in combining chlorine in the state of gas with the vapour of
mercury or quicksilver, in order to produce calomel and corrosive sublimate. The
apparatus employed consists of a glass, earthenware, or other suitable vessel, mounted
in brickwork, and communicating at one end with a large air-tight chamber, and at
the other end by means of a bent tube, with an alembic, such as is generally used in
generating chlorine gas. The alembic is charged with a mixture of commop salt, bin*

Vol. I. XX
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S\:'oSS'^i^r''^^^' 0^— and muriatic

Tho modo of operating with this apparatus is as follows :-A quantity of mflr^,,^

ret™'^\7
^«IS I"

",elas8 vessel, and the temperature of the samj is rauSTSbetween 360° and 660° F., by moans of an open fire beneath. Tho chlorine cas as i?
8 generated, passes from tho alembic through tho bent tube into the Zs vefsol andhere combining ^vith tho vapour of tho mercury, forms either corrosfvTsubl matecalomel, according to the quantity of chlorine g.is employed.

uoumaw or

iho product IS found at tho bottom of tho air-tight chamber, and may be removedfrom the same through a door, whon tho operation is finished.
xomovea

Prof. Wohler proposes to prepare calomel in the humid way by docomposine a solution of corrosive sublimate by sulphurous acid. Tho commercial salt is dissolved inwater at 122° to saturation. Sulphurous acid gas, evolved by heating coarse charcoalpowder with concentrated sulphuric acid, is passed into the hot solution • tho separa
tion of tho calomel commences immediately. Whon the solution is saturated withthe gas, It IS digested for some time, then left to get cold, and filtered from the calomel
which IS afterwards washed. The filtrate usually contains some unchangeable
corrosive sublimate, which may be converted into calomel, either by heating toboihng, or by a fresh introduction of sulphurous acid and heating. Calomel obtained
in this manner is a crystalline powder of dazzling whiteness, glittering in the sun-

Tho presence of corrosive sublimate in calomel is easily detected by digesting
alcohol upon it, and testing the deoanted alcohol with a drop of caustic potash
when the characteristic brick-coloured precipitate will fall, if any of that salt be
present. To detect subnitrate of mercury in calomel, digest dilute nitric acid on it
and test the acid with potash, when a precipitate will fall in case of that contamina-
tion.

117'76 parts of calomel contain 100 of quicksilver.
Great confusion has unfortunately arisen between the formulae of the two chlorides

of mercury—calomel and corrosive sublimate.
If 100 be taken as the atomic -weight of mercury, the formula of calomel is Hg^Cl

(as given above), and that of corrosive sublimate is HgCl. But if, as is often the
case, 200 bo assigned to mercury as its atomic weight, tho formula of calomel
becomes HgCl (or rather, for theoretical reasons, Hg^CP) and that of corrosive
sublimate HgCP. As fatal mistakes might occur by substituting one of these com-
pounds for the other, tho formulae should never be used apart from the specific names
CAXiORXC. A term once extensively used in physical science, and perhaps some-

what too hastily abandoned. When employed there was a very general impression
that heat was the effect of some undeveloped cause, and to this cause the term caloric
was applied. The modern hypothesis regarding heat as a mode of motion, tho term
has been dispensed with. See Heat.
CAXORIFE&E OP WATER. In former editions, hot-water apparatus was

described under this head : now see Hot--water Appaeatus.
CAXiOSXXM:etER. An instrument intended to measure the quantity of heat pro-

duced by burning bodies, devised by Lavoisier and Laplace. The principle upon
which these instruments depended may be easily understood. To convert a certain
quantity of ice into water, a given amount of heat is necessary. Now suppose we
construct a funnel-shaped vessel, and having placed in the middle of it a vessel con-
taining boiling water, or hot mercury, or oil, or a red-hot piece of metal, it is packed
round with ice, care being taken that no heat shall escape, except it is employed to
thaw tho ice. The water formed by the ice is collected in a vessel placed below the
funnel, and the quantity collected during the cooling of the heated body will represent

the heat given out and employed in liquefying the ice. For nice experiments certain

exact determinations are required, for which, and the general rules to be observed,

some good treatise on Physics should bo consulted. See Watts's • Dictionary of Chemis-
try :

' article Heat.
CAlbOTTFE (signifying beautiful picture). A name given by Mr. Henry Fox

Talbot to a photographic process invented by him in 1840, and patented in 1841.

Mr, Talbot's description of his process is as follows :

—

Take a sheet of tho best writing-paper, having a smooth surface, and a close and

oven texture. The water-mark, if any, should be cut oiF, lest it injure the appearance

of tho picture. Dissolve 100 grains of crystallised nitrate of silver in six ounces of

distilled water. Wash the paper with this solution with a soft brush on one side, and
put a mark on that side, whereby to know it again. Dry the paper cautiously at a

distance from tho fire, or else lot it dry spontaneously in a dark room. When dry, or

nearly so, dip it into a solution of iodide of potassium, containing 500_grains of that

Bait dissolved in one pint of water, and let it stay two or throe minutes in the sdution.
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Then din the paper into a vessel of water, dry it lightly with Tjlottmg-paper, and finish

drvino- it at a fire, Avhich will not injure it even if held pretty near
; or else it may be

left to drv spontaneously. All this is best done in the evening by candle-light
:
the

naner so far prepared, is called iodised paper, because it has a uniform pale-yellow

coating of iodide of silver. It is scarcely sensitive to light, but nevertheless it ought

to be kept in a portfolio or drawer until wanted for use. It may be kept for some

considerable time without undergoing change, if protected from sunshine. When the

paper is required for use, take a sheet of it, and wash it with a liquid prepared in the

following manner :— „ ., . ^ c a- t-n i >.

Dissolve 100 grains of crystallised mtrate of silver m two ounces ot distilled water

;

add to this solution one-sixth of its volume of strong acetic acid. Let this be called

"^^Se a saturated solution of crystallised gallic acid in cold distilled water. The

quantity dissolved is very small. Call tliis solution B.

Mix together the liquids A and B in equal volumes, but only a small quantity of

them at a time, because the mixture does not keep long without spoiling. This mix-

ture Mr. Talbot calls the gallo-nitrate of silver. This solution must be washed over

the iodised paper on the side marked, and being allowed to remain upon it for half a

minute, it must be dipped into water, and then lightly dried with blotting-paper. This

operation in particular requires the total exclusion of daylight ; and although the paper

thus prepared has been found to keep for two or three months, it is advisable to use

it within a few hours, as it is often rendered useless by spontaneous change in the dark.

Paper thus prepared is exquisitely sensitive to light ; an exposure of less than a

second to diffiised daylight being quite sufladent to set up the process of change. If a

piece of this paper is partly covered, and the other portion exposed to daylight for the

briefest possible period of time, a very decided impression will be made. This impres-

sion is latent and invisible. If, however, the paper be placed aside in the dark, it will

gradually develop itself; or it may be brought out immediately by being washed oyer

with the gallo-nitrate of silver, and held at a short distance from the fire, by which

the exposed portions become brown, the covered parts remaining of their original colour.

The pictures being thus procured, are to be fixed by washing in clean water, and

lightly drying between blotting-paper, after which they are to be washed over with a

solution of bromide of potassium, containing 100 grains of that salt, dissolved in eight

or ten ounces of water ; after a minute or two, it is again to be dipped into water, and

then finally dried. The Collodion process has almost entirely superseded the Calotype.

See Collodion and Photogeaphy.
CAKTTMBA. See Colomba,
CAMBAT STONE. A variety of carnelian imported from the East Indies.

CAMBOGZA. See Gamboge.
CAIVXBBXC. {Batiste, Pr. ; Kammertuch, Ger.) A sort of very fine and rather

thin linen fabric, first made at Cambray. An excellent imitation of it is made in

Lancashire and in Scotland, woven from fine cotton yarn, hard twisted. Linen cambric

ofa good quality is also now manufactured in the United Kingdom from power-spun
flax ; this is frequently called Cambric muslin.

CAMSIiSOir TXtHt'ERA.'It. See Chamobleon Minebal.
CAMEO. {Camee, Fr.

; Cammeo, It.) Correctly a precious stone engraved in

relief, as opposed to an intaglio, which is cut into the stone. The earliest cameos
appear to have been cut upon the onyx, and subsequently, on the agate. The true

cameo is formed upon a stone having two or more layers, differing in colour ; and the

art of the cameo-engraver consists in so cutting as to appropriate those differently

coloured layers to distinct parts or elevations of the work.
Many of the varieties of chalcedony present in section transparent and opaque

layers ; and beautiful works have been cut upon such specimens of this material.

The chalcedony and agate are, however, not unfrequently coloured artificially. The
layers vary very much in their structure, some being absorbent and others not so.

Such stones are taken, and if it is desired to have black and white layers, they are

boiled in a solution of sugar or honey, and then in sulphuric acid. The sugar or
honey is, in the first place, absorbed by the more porous layers, and then decomposed
by the acid. Ked or brownish-red layers are produced by occasioning the stone to

absorb a solution of sulphate of iron, and then by exposure to heat effecting the
peroxidation of the metal. This being done, layers very strongly contrasted in
colour are the result ; and very fine cameos have been cut upon stones bo prepared.
See Agate,

In Italy and in France, the art of producing the cammeo duro has been to some
extent revived ; but the immense labour which such hard materials require renders
them so expensive, that these cameos have not come into general use.

The shells of several molluscous animals are now commonly used. Many of these
X X 2
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shells afford tho nocossary variety of colour, and aro soft enough to be worked with
facility, yot hard enough to wear for a considerable time without injury.
Tho natural history of tho moUusca producing tho shells, and the best account of

tho manufacture of camdos, was given by Dr. J. E, Gray, of the British Museum, in a
paper read before the Society of Arts in 1847, to which, and to his paper in tho PhU,
Trans., wo are indebted for much of the following information.

It was tho custom in Holland to use tho pearly nautilus as a cameo shell, and several
kinds of turbines or wreath-shells, which have an opaque white external coat over
an internal pearly one. Those are now rarely employed. The shells now used aro
those of tho flesh-eating univalves {Gasteropoda ptenobranchiata zoophaga), which are
peculiar for being all formed of throe layers of calcareous matter, each layer being
composed of three perpendicular laminse placed side by side ; the laminae comprising
the central layer, being placed at right angles with one of the inner and outer ones

;

the inner and outer being placed longitudinally with regard to the axis of the line of
tho shells, while the inner laminae are placed across the axis, and concentrically with
tho edge of the mouth of tho cone of tho sheU.—(Gray, PM. Trans.)

This structure furnishes tho cameo-cutter with the means of giving a particular
Burfaco to his work, a good workman always putting his work on the shell in such a
manner, that tho direction of the laminae of the central coat is longitudinal to the axis
of his figure. The central layer forms the body of the bas-relief, the inner laminae
being the ground, and the outer one, the third or superficial colour, which is some-
times used to give a varied appearance to the surface of the figure. The cameo-cutter,
tlierofore, selects for his purpose those shells which have three layers of different

colours, as these afford him the means of relieving his work ; and secondly, those which
have the three layers strongly adherent together, for if they separated, his labour
would be lost.

The following are the kinds of shells now employed:—1. The bull's mouth {Cassis

rufum), which has a red inner coat, or what is called a sardonyx ground. 2. The
black helmet {Cassis Madagascariensis), which has a blackish inner coat, or what is

called an onyx ground. 3. The horned helmet {Cassis cornutum), with a yellow
ground. 4. The queen's conch {Strombus gigas), with a pink ground.

The bull's mouth and the black helmet are the best shells. The horned helmet is

apt to separate from the ground, or double ; and the last, the queen's conch, has but
seldom the two colours marked with sufficient distinctness, and the finish of the

ground colour flies on exposure to light.

The red coloiir of the bull's mouth extends only a slight distance in the mouth of

the shell, becoming paler as is proceeds backwards. The dark colour extends farther

in the black and yellow varieties. Hence the bull's mouth only affords a single cameo
large enough to make brooches of, and several small pieces for shirt-studs. The black

helmet yields on an average about five brooches, and several pieces for studs, while

the queen's conch afibrds only one good piece.

Forty years since, very few cameos were made from any shells but the black

helmet, and the number of shells then used amounted to about 300 annually, nearly

all of which were sent from England, being all that were then imported. The black

helmet is imported into England from Jamaica, Nassau, and New Providence. They
are not found in Madagascar, though naturalists have for a long period called them
Madagascar helmets.

—

{Gray).

Of the bull's mouth, half are received direct from the Island of Bourbon, to which

place they are brought from Madagascar, and the other half are obtained from the

Island of Ceylon, being received by the way of Calcutta ; hence they are often called

' Calcutta shells.'

So rapidly has the trade in these shells increased, that Dr. Gray informs us, that

in Paris 100,500 shells are used for cameos annually. These are divided as foUows :

—

Price Value Price Value

Bull's mouth , 80,000 Is. M. 6,400/. |
Horned helmet . 500 25. Qd, GQl.

Black helmet . 8,000 5 0 1,920
|
Queen's conch . 12,000 1 2^ 725

The manufacture of shell cameos was for some time confined to Italy ; about twenty-

five years since, an Italian commenced making them in Paris, and now the trade belongs

to the French capital, where not less than 300 persons are engaged in the manufacture.

Nearly all the cameos made in France were sent to England, and in Birmingham

mounted as brooches, and exported to America and the British Colonies.

CAItEKRA ZiVCIDA. An instrument invented by Dr. WoUaston, for the pur-

pose of enabling anyone, without a knowledge of the rules of drawing or perspective,

to delineate any external object with accuracy. It consists essentially of a quad-

rangular glass prism.

CAMERA OBSCVRA, literally darJc chamber. An instrumpnt invented by
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R,n.Hste Porta; It is employed for tho production of photographic pictures, and will

be fully described in the article devoted to that art. See PHOToaRAPHY
,

CAMBS. Slips of lead employed by glaziers m glazing church or cottage windows

• thedden style. They were formerly called 'lattices,' and henco leaded windows

'h"2^^iT'^'ci^^^^-^- A light stuff, formerly much used for female ap-

mrel It is made of long wool, hard spun, sometimes mixed m the loom mth

cotton or linen yarn. Several fabrics of the same kind are now introduced under other

"''campsACHY WOOD {Hamatoxylon Campechianum). Logwood brought from

the bay of that name. See Logwood.
. , , • • ^^^„

CAMPHESTE. Tho radicle of camphor; various hydrocarbons isomeric or poly-

meric with oil of turpentine are so called. See Watts's
;
Dictionary of Chemistry.

CAMPHIWE. Eectified oil of turpentine is sold in the shops under this name

for burning in lamps. Crude oil of turpentine is redistilled with potash, and then

with water, and lastly, to secure its perfect pimty, with cMoride of calcium The oil

thus prepared forms a limpid colourless liquid; its specific gravity is about 0 870,

but it is subject to some slight variations; C^H^ appears fairly to represent this

and several other similar oils. It is very inflammable, burmng with a bright red

flame, and without a proper supply of air it evolves much dense smoke, hence peculiar

lamps (Camphine lamjys) are required. Where it has, from exposure to air ab-

sorbed oxygen, and become resinified, it is unfit for purposes of illumination, bucli

camvhme very rapidly clogs the wick with a dense carbon, and is liable to the thick

black smoke, which is so objectionable in the campliine lamps if they are not properly

attended to.
, ,> i. i, „

To purify old camphine, it must be redistilled from carbonate of potash, or some

«imilarly active substance to deprive it of its resin. See Lamps.

CAMPHOX.E. One of the oils obtained from coal-tar. Mansfield gave this name

to the oils cumole and cymole, which boil at 284° and 330° F., when collected

together. The specific gravity of crude camphole ranges fromO-88 to 0-98, and the less

volatile portions frequently contain naphthaline, which raises their specific gravity.

This substance, either alone or mixed with pyroxylic spirit, is applicable for burning,

in lamps or for dissolving resins, as a substitute for oil of turpentine.
_

CAMPHOR, or CAMPHIRE. {Camphre, Fr. ; Kampher, Ger.) This im-

mediate productof vegetation was known to the Arabs under the names ofkamphur and

kaphur, whence the name camphora. Camphor was not known to the ancients; it

IS first mentioned by Avicenna, and Serapion calls it cafur. Symeon Seth, who lived

in the eleventh century, describes it. It is found in a great many plants, and is

secreted, in purity, by several laurels ; it occurs combined with the essential oils of

many of the Labiata ; but it is extracted, for manufacturing purposes, only from the

Laurus camphora, or Camphora officinarum, a member of the Laurel order, which

abounds in China and Japan, as well as from a tree which grows in Sumatra and

Borneo, called, in the country, Kapour barros, from the name of the place where it is

most common. This Sumatra camplior is the produce of the Dryobalanops camphora.

The camphor exists, ready formed, in these vegetables, between the wood and tho

bark ; but it does not exude spontaneously. On cleaving the tree which produces

the Sumatra camphor masses of pure camphor are found in the trunk. Sumatra

camphor is not imported into this country, as it is eagerly bought up by the Chinese,

who prize it highly.

To prepare camphor the wood of the laurus is cut into small pieces, and put with

plenty of water into large iron boilers, which are covered with an earthen capital or

dome, lined within with rice straw. As the water boils, the camphor rises with
^
tho

steam, and attaches itself as a sublimate to the stalks, under the form of granulations

of a grey colour. In this state it is picked off the straw, and packed up for exporta-

tion to Europe.
• Formerly Venice held the monopoly of refining camphor, but now France, England,

Holland, and Germany refine it for their own markets. All the purifying processes

proceed on the principle that camphor is volatile at the temperature of 400° F.

Tho substance is mixed, as intimately as possible, with 2 per cent, of quicklime, and

the mixture is introduced into a large bottle made of thin uniform glass, sunk in a

sand-bath. The fire is slowly raised till the wholo vessel becomes heated, and then

its upper part is gradually laid bare in proportion as the sublimation goes on. Much
attention and experience are required to make this operation succeed. If the tem-

perature be raised too slowly, the nock of the bottle might be filled with camphoi'

before the heat had acquired the proper subliming pitch ; and, if too quickly, the

whole contents might be exploded. If the operation be carried on languidly, and the'

heat of tho upper part of the bottle be somewhat under tho melting-point of camphor,
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6^'cL\V7oCSf^u^n
°' ^^'^dcnsod vapour would be snowy, and not

oH m^er^Z^^^^^ /° )l
^^l-^l'^' Oe.a«onally, .uddenllteration«

bottom on tho^ V„ f -^i ,
° ^^'^^^^ "P' l^'iuid camphor at the

nocSary ° ^^^'^^ ^^^^ ^"^ render its resubUmation

boJoblS.^
of 100 parts of crude camphor and 2 of quicklime, 2 part* of

camnwt'^l 1 .^"""t
added, the small quantity of colouring matter in the

slip of platina foil immersed in the liquid may tend to equaUeo its ebullition

70° V P,°f°f
volatile oils to sponUincous evaporation, at the heat of about

its ^^Lhl f ol^tajned a residuum of camphor :-from oil of lavender, 25 per cent, ofIts weight
;
from oil of sage, 12i ; from oil of marjoram, 10 per cent.

Ttrnot^l
solid, possessing a peculiar tasto and smell.

crvS Tf I '
th« slow cooling of its alcoholic solution, in octahedral3w ;„n?M™?

very flexible, and can be reduced intopowder readily by mixing it with a few drops of alcohol and giving a few blows to thecamphor. Its specific gravity varies from 0-985 to 0-996. Mixed and distUled with
SIX times Its weight of c ay, it is decomposed, and yields a golden yellow aromatic oil,which a flavoui- analogous to that of a mixture of thyme and rosemary

; alongwith
a small quantity of acidulous water tinged with that oil, charcoal remains in the retort,in the arr, camphor takes fire on contact of an ignited body, and burns away with a
bright fuliginous flame. Pieces of ignited camphor thrown into water execute peculiar
rotatory movements.
Camphor is little soluble in water ; one part being capable of communicating smell

and taste to 1 000 of the fluid, this is the Misiurs Camphorcs of the apothecary. 100
parts of alcohol, specific gravity 0-806, dissolve 120 parts of camphor, at ordinary
temperatures. It is separated in a pulverulent state by water. Ether and oils, both
expressed and volatile, also dissolve it.

When distilled with 8 parts of aquafortis, camphor is converted into camphoric
acid. Camphor absorbs 144 times its volume of muriatic acid gas,- and is transformed
into a colourless transparent liquid, which becomes solid in the air, because the acid
attracts humidity, which precipitates the camphor. One part of strong acetic acid
dissolves 2 parts of camphor. By Dr. Ure's analysis, camphor consists of 77-38
carbon, 11-14 hydrogen, and 11-48 oxygen.
Dumas (1) and Blanchet and Sell (2) have given the following composition :—

(2)
Carbon . . . 78-02 . . . 77-96
Hydrogen . . . 10-39 . . . 10-61
Oxygen . . . 11-59 . . . 11.43

There are two kinds of camphor imported :

—

Japan Camphor, called Dutch Camphor, because it is always brought by the
Dutch to England. It comes by the way of Batavia, and is imported in tubs (hence
it is called ttib camphor), covered with matting, and each surrounded by a second tab,
secured on the outside by hoops of twisted cane.
China Camphor, or Formosa Camphor, is imported from Singapore and Bombay,

in chests lined with lead-foil, containing about 1| cwt.

It has been suggested to introduce the camphor trees into other countries. South
Georgia and Florida are named as suitable localities. The iawm campkora is com-
monly found in all the nurseries around Paris, and sold at 5 francs for a plant 30
inches high. At full growth the tree attains an altitude of from 40 to 50 feet. The
wood of the camphor tree is in favour for carpenters' work ; it is light, is easily worked,
durable, and not liable to be attacked by insects. It is said that in Sumatra numbers
of trees are cut down before one is found to repay. Not a tenth part of the trees

attacked yield either camphor or camphor oil.

The camphor is distinguished by the names of head, belly, and foot, when in bulk.

The head camphor is in large white fiakes ; the belly camphor, small brown flakes,

transparent, like resin coarsely powdered; the foot, like dark-coloured resin. A
native 'Catty 'may be divided into:— 1. Capallo, or large head, = 2-2; 2. Capallo

cachell, or small head, = 3-5; 3. Baddan, or belly, =4-2; 4. Cakee, or foot, = 6-1;

= 1 Catty, 16.

CAMPHOR, ARTIFXCIAXi. "When hydrochloric (muriatic) acid is passed into

oil of turpentine, surrounded by ice, two compounds are obtained, one solid and the

other fluid. The first, solid artificial camphor C^'H'^HCl (C'H'^HCIl js white,

transparent, lighter than water, and has a camphoraceous taste. The fluid is termed

liquid artificial camphor, or terebine.

CAMPHOR JVItSV. Water in which camphor is dissolved.



CANDLE

CAMPHOR, OIIi OP liAUREIi. When the branches of Camphora officinarum

are distilled with water, a mixture of camphor and a liquid essential oil is obtained.

This is the oil of camphor; it has a density of 0'910, and its composition is C'H'^O.

Bv exposure to oxygen gas, or to the action of nitric acid, it absorbs oxygen, and

becomes soUd camphor C'^°H"'0MC'^'H>''O).
_

This is an esteemed article in the Eastern markets ; it undergoes no preparation,

and though named oil, it is rather a liquid and volatile resin. The natives ofSumatra

make a transverse incision in the tree to the depth of some inches, the cut sloping

downwards so as to form a cavity of the capacity of a quart ; a lighted reed is placed

in it for about 10 minutes, and in the space of a night the cavity is filled with this

fluid. The natives consider this oil of great use as a domestic remedy for strains,

swellings, and inflammations.

Dr. Eoylo states the trees are of large dimensions, from 2^ to 7 feet in diameter.

The same tree that produces the oil would have produced the camphor if unmolested,

the oil being supposed to be the flrst stage of the camphor's forming, and is conse-

quently found in younger trees.

CAMPHOR STORM GIiASSES. Glasses called usually storm glasses, and

sold as indiciitors of atmospheric changes. ' Storm glasses ' are made by dissolving

camphor 2J drachms, nitre 38 grains, sal-ammoniac 38 grains, water 9 fluid drachms,

rectified spirit of wine 1 1 fluid drachms.

Plumose crystals form in the glass, and are said to condense and collect at the

bottom of the bottle on the approach of a storm, and to rise up and diffuse themselves

through the liquid on the approach of fine weather ; but Dr. Parrion thinks that

their weather-predicting qualities are false, and that light is the agent which, together

with temperature, influences the condition.

CAM-WOOB. An African dye wood, shipped principally from Sierra Leone, in

short logs. Mr. Gr. Loddiges, in his Botanical Cabinet, figures the plant producing it

under the name of Baphia nitida ; it is a leguminous plant, and has been introduced

into, and has flowered in this country.

CANADA BAliSAM. A product of the Abies balsamea, or balm of Gilead flr.

The flnest variety of this balsam is used for mounting objects for the microscope.

See Baisam.
CAXTASA PKATBS. Tin plates, so called by having been made for the

Canadian trade.

CANADA RICE. The Zisania aquatica, a Canadian grass.

CANADA SUGAR. A dark sugar made from the sugar maple, Acer saceharimm.
CANADA YEIiIiOW ROOT. The Hydrastis Canadensis {Xanthorhiza), a

shrub growing in North America, so named from the coloxir of its root. It is in-

tensely bitter, hence it is used as a tonic medicine, and a good yellow dye is extracted
from its roots.

CANARXVM COMMUNE. A small tree, growing in India, Ceylon, and
various parts of the Eastern Archipelago. It is probably the source of the concrete
resinous exudation commonly known as GrU7n Elemi, See Elemi.
CANARY WOOD. A wood is imported into this country under the name of

Madeira mahogany, which appears to be this canary wood. It is the produce of the
Eoyal Bay, Laurus indica, a native of the Canary Islands. It is rather a light wood,
and of a yellow colour.

CANASTER. An American tobacco, so called from the peculiar rush basket in
which it was imported.

CANAUBA. The leaves of the canaiiba tree of Brazil {Copernicia ceriferd) yield
a wax which appears to be the same as that produced by the Carnaiiba Palm.
CAND or KAND, A name in some mining districts for Fluor spar.

CANDX.E. {Chandcllc, Er.
; Kerze, Licht, Ger.) Candles are either dipped or

moulded. As the qualify of the candle depends on the material employed in its

manufticture, the first part of the tallow-chandler's process is the sorting of the tallow.
Mutton suet with a proportion of ox tallow is selected for mould candles, because it

gives them gloss and consistence. Coarser tallow is reserved for the dipped candles.
After being sorted, it is cut into small pieces, preparatory to being melted or rendered

;

and the sooner this is done after the fat is taken from the carcase the better, because
the fibrous and fleshy matters mixed with it promote its putrelaction. Tallow is too
commonly melted by a naked fire applied to the botton of the vessel, whereas it should
be done either in a cold set-pan, where the flame plays only round the sides a little
way above the bottom, or in a steam-cased pan. After being fused a considerable
time, the membranous matters collect at the surface, constituting the cracklings used
sometimes for feeding dogs, after the fat has been squeezed out of it by a press. The
liquid tallow is strained through a sieve into another copper, where it is treated with
water at a boiling temperature, in order to wash it. After a while, when the foul
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water has settled to the bottom, the purified tallow is lifted out, by moans of tinned
iron buckets, into tubes of moderate size, whore it concretes, and is ready for use

It IS a remarkable circumstance, that tiio wicks for the best dipped candles aro still
cotton rovings imported from Turkey, notwitlistanding tlie vast extension and perfec-
tion ot cotton-spinning in this country. Four or more of these Turkey skeins, accordinL'
to the intended thickness of the wick, aro wound off at once into bottoms or clues, and
Htterwards cut by a simple machine into lengths corresponding to those of the candles
to bo made. The operations for cutting, twisting, and speading wicks, are performed
upon a series of threads at onco. The apparatus is placed in a box, in front of whicli
tho operator sits. A reel extends across the box at the hinder part, upon which the
cotton threads have boon previously wound: from this reel they aro drawn off into
proper lengths, doubled, and cut by an ingenious mechanism. By dipping tho wic! 'i

into the melted tallow, rubbing them between the palms of the hands, and allowiu"
the tallow wliicli adheres to harden, they may be arranged with facility upon the
broaches for the purpose of dipping. The dipping room is furnished yvith a boiler
for melting tho tallow, the dipping mould or cistern, and a large wheel for supporting
the broaches. From the ceiling of the workshop a long balanced-shaped beam is
suspended, to one end of which a wooden frame is attached for holding the broaches
with the wicks arranged at proper distances. The opposite arm is loaded with a
weight to counterbalance tho wooden frame, and to enable the workmen to ascertain
the proper size of the candles. The end of tho lever which supports the frame is
placed immediately above the dipping cistern ; and the whole machine is so balanced
that, by a gentle pressure of the hand, the wicks aro let down into the melted tallow
as often as may be required.

The following is a convenient apparatus for dipping candles. In the centre of tho
dipping-room a strong upright post a a, (fig. 402) is erected, with turning iron pivots

at its two ends. Near its middle,

six mortices are cut at small dis-

tances from one another, into each
of which is inserted a long bar of

wood, B B, which moves vertically

upon an iron pin, also passing
through the middle of the shaft.

The whole presents tho appearance
of a large horizontal wheel with
twelve arms. A complete view of

two of them only is given in the

figure. From the extremity of each

arm is suspended a frame, or port,

as the workmen call it, containing

6 rods, on each of which are hung
18 wicks, making the whole num-
ber of wicks upon the wheel 1,296.

The machine, though apparently

heavy, turns round by the smallest

efifort of tho workman ; and each

port, as it comes in succession over

the dipping-mould, is gently pressed

downwards, by which means the

wicks are regularly immersed in

melted tallow. As the arms of the lever are all of the same length, and as each is

loaded with nearly the same weight, it is obvious that they will all naturally assume

a horizontal position. In order, however, to prevent any oscillation of the machine

in turning round, the levers are kept in a horizontal position by means of small

chains, a a, one end of which is fixed to the top of the upright shaft, and the other

terminates in a small square piece of wood b, which exactly fills the notch c in the lever.

As one end of the levers must bo depressed at each dip, the square piece of wood is

thrown out of the notch by the workman pressing down tho handle d, which com-

municates Avith the small levep c, inserted into a groove in the bar b. In order that

the square piece of wood fixed in one extremity of the chain, may recover its position

upon tho workman's raising the port, a small cord is attached to it, which passes over

;i pulley inserted in a groove near c, and communicates Avith another pidley and weight,

which draws it forward to the notch. In this way the operation of dipping may be

conducted by a singlo workman with perfect ease and regularity, and even despateh.

No time is lost, and no unnecessary labour expended, in removing the ports after

each dip; and, besides, tJie process of cooling is much accelerated by the candles

being kept in constant motion through tho air. The number of revolutions which
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<. i^oVn n-n nrflfir to completo one operation, must obviously depend
the whfiel Aiust mako.

of the candles ; but it is said that, in

upon the state of the ^^^^her and the
^^^^^ necessary for a single person to

moderately f
w/^ther not more^an

^ supposition, therefore, that

^^thTist:^^^^^^^^^
-^^^-^^^

Wactured
Xn": i1e^^Uss'^^^ its details than that of dipping.

The process of mould^n^
substeSe usually pewter, and consist of two

cup, having a moulding
^'^l^A (5^0 i^^^ have the shape

Eight or twelve of these moulds, according to their ^i^e, are fixed in a fj^^,jvn cn

Ir^^rh^oVpoint. As sJon'as the hook of ^Jrou^t^^^^^^

in the top of the mould, he attaches to it the looped end of the '

fewing back the wire, brings the wick along with it In this manner each mould an

succession is furnished with a wick. Another workman now f^l^^^^'
JJ^/,^^^

small wire through the loop of each wick. This wire is o^Yiously intended to keep

he wirstretched, and to prevent it from falUng back into the mould ^POi\the frame

being placed in the proper position for filling. The frame is_ then handed t« the

peisi that fills the moulds, who previously arranges t^ie small wires m such a manner

that each wick may be exactly in the axis of the mould
_ fmm

The moulds are filled by running tallow into each of them, or "^^ Jie trough, from

a cistern furnished with a cock, and which is regularly supplied with tallow of the

proper temperature from an adjoining boiler. When the workman observes that the

moulds are nearly half filled he turns the cock, and laying hold of that portion of the

wick which hangs out of the mould, pulls it tight, and thus prevents any curling of

the wick, which might injure the candles ; he then opens the cock, and completes the

process of filling. The frame is now set aside to cool; and when the tallow tias

acquired a proper consistence, which the workman easily discovers by a snapping

noise emitted by the candles upon pressing his thumb against the bottom ot tlie

moulds, he first withdraws the small wires which kept the wicks tense, and then,

scraping off the loose tallow from the top of the frame with a smaU wooden spade, ne

introduces a bodkin into the loop of the wick, and thus draws each candle m suc-

cession from its mould. The candles are now laid upon a table for inspection, ana

afterwards removed to the storehouse. Previous to storing them up, some candle-

makers bleach their candles, by exposing them to the air and dews for several days.

This additional labour can be necessary only when the dealer is obliged to have early

sales ; for if the candles are kept for some months, as they ought to be, before they

are brought to market, they become sufficiently whitened by age.

Wax Candles.—'Next to tallow, the substance most employed m the manulacture

of candles is wax. Wax candles are made either by the hand or with a ladle. In the

lormer case, the wax, being kept soft in hot water, is applied bit by bit to the wick,

which is hung from a hook in the wall: in the latter, the wicks are hung round an

iron circle, placed immediately over a large copper-tinned basin full of melted _vv-ax,

which is poured upon their tops, one after another, by means of a large ladle. When

the candles have by either process acquired the proper size, they are taken from the

hooks, and rolled upon a table, usually of walnut-tree, with a long square instrument

of box, smooth at the bottom.
j i.

•

Spermaceti Candles are moulded in the same manner as those composed ot steanne,

or stearic acid, to be described presently.

In June 1825, M. Gay-Lussac obtained a patent in England for making candles from

margaric and stearic acids, called stearine, by converting tallow into the above fat

acids by the following process :—Tallow consists, by Chevreul's researches, of stearine,

a solid fat, and oleine, a liquid fat; the former being in much the larger proportion.

When tallow is treated with an alkaline body, such as potash, soda, or lime, it is
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an^ us such^'fo m
ol ne become rospoctivoly stearic and oleic acids,

as the sulphuric orZSk themo!^^w ^T'' '^^""^ «"ch
tho altered form of and oTi.

decomposed, the fat« reappear in
and of a texture someXt Hke «nnr^?. n°

former body being harder than tallow,

docompositiou of the So shouirhr^ t u^'"
''^^^ '^•^^'^^ fluid like oil. ' The

water, kept well s SodXrr P^^^^"' '^'^ ^ ^^^^^^ty of
conveniout way. When J ,rf °P°^''f warmed by steam introduced in Iny
tallow or fat ^Sl rise n fl!« =T '° ^een allowed to stand, the acid of the

W MessL^ '^^^^^
^t«^^<^ ^°dl«s, appears to have been made

malfnTpaSfdfs'ti^''^ ^l^™*^'"
^ very minuta account of the process for

mlm oil'i^t^ilr""'' n^^'^
cr^/staUisatwn, wHch consists in pouring the meltedpalm-oilmto iron pans, allowing it to cool slowly, whereby at about 75° V thloleme separates from the crystalline stearine and margarine

^' ^
'

'

se^^r2\Z^S:t£r:\CsS^tfs^. hydraulic press, in order to

Tn.uJ^'"
^"""^"'^ called o«rfa<ioM. To 104 lbs. of the stearine and margarinemelted m an irori pan, about 12 lbs. of slaked and sifted quicMime are aSddiligent stirnng, during which the temperature is to be slowly raised to 240° P Tnd

"stown bv'th^r V'"^'' ^ii-^
co^ibination t^SL placeIhis is shown by the mass becoming thin, transparent, and assuming a glassy appear-ance when it cools. The fire being now withdrawn, cold water is added, fer^ Sallyat firs with brisk stirring till the whole mass falls into a st^te ofpowde^^StS

4 ^T'^ i^^l? ^ "^'^ fZ' *° ^^^^ I'^^^Ps that mS^^main.
4. 8q>aratum of the Stearic and Margaric Acids from the lime. For this purpose.

auanSw T^fl °- ^« ^^s eqSen^
quantity of sulphuric acid (8 lbs. of dry muriate of lime, require 7 lbs. of the strongest
sulphuric acid), produce as much muriatic acid as will dissolve the lime combined with
the fat acids

:
and therefore that quantity of muriate of lime dissolved in water must

be treated with as much sulphuric acid as will saturate its lime and throw it down in
the state of

_

sulphate of lime. Add the supernatant solution of muriatic acid in
such proportion to the stearate and margarate of lime as will rather more than saturate
the lime. Three pounds of muriatic acid diluted with 9 lbs. of water are stated as
enough for 1 lb. of lime. The mixture is to be let alone for 3 or 4 days, in order to
insure the complete separation of the lime from the fat acids ; and then the mixture
IS heated so as to melt and cause them to separate in a stratum on the top of the
liquid. The resulting muriate of lime is drawn off into another tub, and decomposed
by its dose of sulphuric acid, so as to liberate its muriatic acid for a fresh operation.

5. The fat acids, being well washed by agitation with hot water, are then set to cool
and crystallise, in which state they are subjected to the action of the hydraulic press, at
a temperature of 75° F., whereat the margaric acid runs off from the solid stearic acid.

6. Bleaching. The stearic acid is taken from the press, and exposed upon water in
large shallow vessels placed in the open air, where it is kept at the melting temperature
from 1 to 12 hours, stirring meanwhile, in order to promote the blanching action of the
atmosphere. Tho margaric acid is bleached in a similar manner in separate vessels.

7. Refining Process. The fat is warmed again, and poured in a liquid state into an
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: f„>. . wTiflfa for every 1,000 lbs. of the stearic acid, about 2^ lbs. of common
agitatang tub where lor ever^^

,

.^j^eentrated sulphuric acid, diluted with

KbrofV^eTS
"^^ This solution ('mixture'), while warm from

tho hS; evdved in diluting the acid, is placed in a siutable vessel above the agitating

tl The stearic acid being at the melting point, m the vessel below agitation is to

r • nlr{th a revolving shaft, while the mixed manganese and acid are run slowly
be gi"^?° ^ , ^ ^ell mixed, which generally requires about two hours.

Sml sie^^ to be in tjJs state fo^ 48 hour's ;
after which it may be boiled by

Jteam ?or 2 or 3 hours, when it will be sufficiently refined The sulphuric acid, which

is at the I'ottom, is now run of? and the stearic acid which remains is well washed with
'

u^e water It is then put into large conical vessels of stone-ware inclosed in a box

or iacket kept warm by steam-heat, and lined with conical bags of a suitable strong

StSg paper, through which, being warm, it finds its way :
and when the steanc

S has been thus mtered, it is run into blocks, when it will be found to be a beau-

dM stearic acid or palm-wax, and is ready to be made into candles in the usual way.

The chief solid constituent of palm-oil is margaric acid. This they direct be

melted with tallow, in the proportion of from 10 to 20 lbs. of the former to 100 lbs. of

the latter. See Newton's Journal, C. 8., xi. 207.
, ^ tt ht • ^ -

Messrs Price and Co. introduced, in 1840, on the occasion of Her Majesty s marriage

fwhen, for the illuminations, a cheap self-snuf&ng candle was required), a new compo-

site candle, which was a mixture of stearic acid and cocoa-nut steanne Mr. George

Gwvnne in 1840, patented a process for purifying the fatty acids by distiUation
;
tins

was followed by a similar patent by Dubrunfant; and Mr. Wilson, of Belmont, Vaux-

haU obtained in August 1842, a patent for improvements in treating fats for making

candles These advances led to many modifications in candle-manufacture.

If distilled fats are used in making composite candles, they are bleached and

hardened in that operation. When palm-oil is the material, it is first saponified, then

distilled, granulated by fusion and slow cooling, and cold-pressed
;
by which

means stearic acid and a light-coloured oil are obtained, which may be mixed with

thestearine of cocoa-nut oil, or other stearine. A cheaper article may be had by

mixing the entire product of the above distillation with half its weight of distilled

and cold-pressed stearic acid of tallow. TaUow is deprived of its oleine by pressure,

accompanied by artificial cold if necessary; this being added to the other hard

matter, the mixture is converted into fatty acids, and distilled, and the entire product

of distillation is employed for making candles ; or it may be pressed to make them

harder. As distilled stearic acid is more crystalline than undistilled, 2 or 4 per cent,

of wax may be added to assist the combination of the fatty acid with the stearine.

Candles consisting of alternate layers of tallow and stearine have been made by

dipping their wicks alternately in these two fatty bodies in a fluid state. Mr. W.
Sykes has gone to the expense of a patent on the contrivance. The wicks are

impregnated with a solution of bismuth or borax.

In a lecture delivered before the Society of Arts by Mr._ Wilson, and published in

their Journal, he described the progress of the more recent improvements. In this he

says:—'Candles, beautiful in appearance, were made by distilling the cocoa-nut

acids ; but, on putting them out, they gave ofiF a choking vapour, which produced

violent coughing.' This prevented those candles from being brought into the market.

' By distilling cocoa-nut lime-soap, we made beautiful candles, resembling those made

from paraffine, burning perfectly ; but the loss of material in the process was so great,

that the subsequent improvements superseded its use. Under one part of this patent,

the distillation was carried on sometimes with the air partially excluded from the

apparatus by means of the vapour of water, sometimes without, the low evaporating

point of the cocoa-nut acids rendering the exclusion of air a matter of much less

importance than when distilling other fat acids.' At this time, in conjunction with

Mr. Jones, Mr. Wilson appears to have first tried using the vapour of water to exclude

the air from the apparatus during distillation. This led, in 1842, Messrs. E. Price and

Co. to patent, in the names of Wilson and Jones, a process which involved the treatment

of fats, previously to distillation, with sulphuric acid, or nitrous gases. M. Fr6my, in his

valuable paper in the ' Annales de Chiraie,' describes treating oils with half their

weight of concentrated sulphuric acid, by which their melting point was greatly

raised. He gave, however, particular directions that the matter under process should

be kept cool. Instead of doing this, IVIr. Wilson found it advantageous to expose

the mixture of fat acid and fat to a high temperature, and this is still done at Price's

works.

—

' Our process of sulphuric acid saponification was as follows .—Six tons of the

material employed—usually palm-oil, though occasionally we work cheap animal fat,

vegetable oils, and butter, and Japan wax—were exposed to the combined action of

6| cwts. of concentrated sulphuric acid, at a temperature of 350° F, In this process
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the glycerine is decomposed, largo volumes of sulphurous acid are given oflF; and the fat

I"^^'"''^
^^'^ ^ ^'^y '»gJ^ "^«lti°g point. tKwashed, to free it from charred matter and adhering sulphuric acid, and is thentransterred into a still, from which the air is excluded by means of steam. Thebtoara used by us is heated in a series of pipes similar to tlioso used in the hot-blastapparatus in the manufacture of iron, the object of heating the steam being only tosave uie still, and reduce to a small extent gaseous loss in distillation.' ' We still

'

says the patentee, ' employ this process, and in some cases reduce the quantitv of acidemployed to 4 lbs., and even 3 lbs., to a cwt. of the fat.'
yegotablo tallow melts at a degree of heat somewhat above that of animal tallow

but considerably below that of vegetable wax. Mr. Wilson treats his tallow by

r Q -'^i T.^°^
°^ '"'^ ^° ^^^^^ capable of holding 9 tons, heats it gradually

to ^00 i<., and then adds gradually 1,440 lbs. of sulphuric acid of 1-8 specific gravityAt the expiration of about 2 hours, the tallow is pumped into a vessel, containing
water shghtly acidulated with sulphuric acid ; and is therein agitated by free steam
passing through it for 2 hours. The materials are then left to repose for 6 hours

;

both these vessels, and the former, should be provided with a cover and a means of
conveying the gases which may be evolved into a chimney. The vegetable tallow is
next distilled in such a manner that the atmosphere is excluded. This is best effected
by the use of steam highly heated, which he introduces into the still, in numerous
jets below the tallow. The distilled products are received into condensers, and they
may be used alone, or they may be mixed with other matters for making the best
class of candles. The patentee improves paraffine by a like process. He makes candles
with 2 or 3 wicks, by mixing palm-oil pressed with tallow, or the above distilled fat,
for burmng in candle lamps.

In 1854, Mr. Tighlman obtained a patent for the exposure of fats and oils to the
action of water at a high temperature, and under great pressure in order to cause the
combination of the water with the elements of the neutral fats ; so as to produce at
the same time free fat acid and solution of glycerine. See Glycebike.
He proposed to effect this by pumping a mixture of fat and water, by means of a

force-pump, through a coil of pipe heated to about 612° F., kept under a pressure of
about 2,000 lbs._ to the square inch ; and he states that the vessel must be closed, so
that the requisite amount of pressure may be applied to prevent the conversion of
water into_ steam. Mr. Wilson improved upon this process, by passing steam into
fat at a high temperature

; and by this process hundreds of tons of palm-oil are now
treated. The glycerine and fat distil over together, but no longer combined ; and the
former, being separated, is subjected to a redistillation, by which it is purified. This
distillation is effected by transmitting through the fat contained in an iron still, steam
at abput 60.0° or 700° F., heated by passing through iron pipes laid in a fire. The
steam is transmitted till the oily matter is heated to about 350° ; the vapours pro-
duced being carried into a high shaft by a pipe from the cover of the iron vessel.
The hot oily matter is then run into another vessel made of brick lined with lead, and
sunk in the ground, for the purpose of supporting the brick-work under or against the
internal pressure of the fluid. It has a wooden cover lined with lead, directly beneath
which, and extending across the vessel, is a leaden pipe, 1 inch in diameter, having a
small hole on each side, at every 6 inches of its length ; and through this pipe is intro-
duced a mixture of 1,000 lbs. of sulphuric acid, specific gravity 1-8, and the same weight
of water. The introduction of the mixture, which falls in divided jets into the heated
fat, produces violent ebullition; and by this means the acid and fat are perfectly
incorporated before the action of the acid becomes apparent by any considerable
discolouration of the fat. As the ebullition ceases, the fat gradually blackens ; and the
matter is allowed to remain for 6 hours after the violent ebullition has ceased. The
offensive fumes produced are carried off by a large pipe, which rises from the top of
the vessel, then descends, and afterwards rises again into a high chimney. At the
downward part of this pipe a small jet of water is kept playing, to condense such
parts of the vapours as are condensable. At the end of the six hours above mentioned,
the operation is complete, and the product is then pumped into another close vessel

and washed, by being boiled up (by means of free steam) with half its bulk of water.

The water is drained off, and the washing repeated, except that in the second washing
the water is acidulated with 100 lbs. of sulphuric acid. The ultimate product is

allowed to settle for 24 hours ; after which it is distilled in an atmosphere of steam

— once, or oftener—until well purified ; and the product of distillation is again

washed, and after being pressed in the solid state, is applied to the manufacture of

candles.

The following definitions of terms applied to candles are by Mr. Wilson :

—

BelTnont Sperm.—Made of hot-pressed, distilled pnlm-acid.

Behnont Wax.—The same material, tinged with gamboge.
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Best Composite Candles.-M&do of a mixture of tlio hard palm-acid, and stearine of

cbcoa-nut oil.
^ ^ ^^^^ ^^^^ palm-acids, and palm-acids and cocoa-

n„fSr£e tho relative proportions varying according to the relative market prices

of palm oU and cocoa-nut oil at the particular time when tho candles are manu-

^'"'r'^^t'n^ite No 4.—A description of candle introduced at a price a very little above

the price of tallow dip candles. They are somewhat dark in colour, but give a good

^'^Tha highest priced candles are usuaUy made in the ordinary mould; but at Messrs.

Price and Co.'s manufactory they have a machine for moulding the ordinary stearine

3es, the others of a similar nature. Wlien one set of candles as discharged from tho

3d the moulds are re-wicked for the next process of filling. These moulds are ar-

J^ni side by side, 18 in number, on a frame ; and for each mould there is a reel

^mble of holding 60 yards of wick, enclosed in a box. The moulded candle, being

Sfatteched to the cotton wick, when it is forced out of the mould, brings the fresh

T^ck into it. The moulded candles are, by a very mgemous contrivance held firm in

^horizontal position while a knife passes across and severs the wick. The wicks for

the new set of candles are firmly secured, by forceps, to the corneal caps of the moulds

;

these are carried into a vertical position, and slid upon a railway to a hot closet,

.rhere they become sufficiently warm to receive the tat, which, kept at the melting

noint bv steam-pipes, is held in a cistern above the rails ; from this cistern the moulds

are filled by as many cocks, which are turned by one impulse. If we imagine an

extensive series of these sets of moulds travelUng from the machine over a railway,

in re^lar order, and that, when the fat has become solid, these return, the candles are

discharged, and the process is renewed—the machine wiU be tolerably well under-

stood. Each machine holds about 200 frames of moulds, and each contains 18

bobbins, starting each with 60 yards of cotton wick.

Nu}ht-Lights.—These are short thick cylinders of fat, with a very thin wick, so

proportioned one to the other that they burn any required number of hours. The

moiilds in which these are made are metal frames, perforated with a number of cylin-

drical holes, and having a moveable bottom, with a thin wire projecting from it into

every mould. These are filled with melted fat, and when cold, the bottoms are forced

up, and all the cylinders of fat ejected, each having a small hole through which the

wick, a cotton, previously impregnated with wax, is inserted. This_ being done, the

night-light, being pressed on a warm porcelain slab. is melted sufficiently to cement

the wick, 'These night-lights are burned in glass cylinders, into which they fit.

Child's Night-Lights are melted fat poured into card-board boxes, which have a

hole in the bottom, through wliich the wick and its metallic support are placed.

Dr. Ure made a set of experiments upon the relative intensities of light, and

duration of different candles, the results of which are contained in the following

Table :—

Number in a Pound
Duration of

a Candle
Weight in

Grains

Consumption
per Hour in

Grains

Proportion
of Light

Economy
of Light

Candles
equal one
Argand

h. m.

10 mould 5 9 682 132 121 68 5-7

10 dipped . 4 36 672 150 . 13 664 6-25

8 mould 6 31 856 132 104 594 6-6

6 ditto 7 2i 1160 163 142 66 6-0

4 ditto 9 3-6 1707 186 20| 80 3-5

Argand oil flame . 612 69-4 100

A Scotch mutchkin, or ^th of a gallon, of good seal oil, weighs 6010 gr., or 13^ oz.

avoirdupois, and lasts in a bright Argand lamp 11 hours 44 minutes. The weight of

oil it consumes per hour is equal to 4 times the weight of tallow in candles 8 to the

pound, and |th the weight of tallow in candles 6 to the pound. But its light being

equal to that of 5 of the latter candles, it appears from the above table that 2 pounds
weight of oil, value Qd., in an Argand, are equivalent in illuminating power to 3 -pounds

of tallow candles, which cost about 2 shillings. The larger the flame in the above
candles the greater the economy of light.

Mineral Candles, Under this general head several varieties of candles have been
manufactured at the works of Price's Candle Company; and these candles manu-
factured by Price's Candle Company, at Belmont and Sherwood, are made according
to processes patented by Dr. Warren Da La Rue. The novelty of these substances
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Thn ^/,«. J^/ J • • ''1 thoir chomical constitut on.
^

boSooTof I ''"^f."'-"?^'^' - the neigh-

torkticrof lllrf ^^'^'^^^f^y'
the Burmoso Empire. The geological chamc-

as a medfci c! Iw in J t 'r^''
^"^'''^ts, and

iDortnd in TiB^n,J- if ^ P
.

volatile at common temperatures, tliis naphtha is im-

J « i!
"^'^^^'^''^ to prevent the loss of any constiturtEoichenbach Chnstison. Gregory, lieoco, Young, Wiesman (of Bonn? Tnd otWhave obtained from peat, coal, and other organic Slinerals, soU^^ aSLS bearingK P to those procured from the Burmese imphtha but thefirst-named products have, in every instance, been formed by the decomposition of Ihl

ZntTn n.-f
^^^P^'"^

i.^^
"^'^ ^^^^^^ll^to consists of a l^'tl^o ofmany volatile hydro-carbons; and it is extremely difficult to separate them froiTeach

mt CZ^T-/ their vapours being mutually veiy diffiisiW however Xercft
En f? if

I^Pfcface, recourse is had to a second or third distillation, the products of which are classified according to their boiling points or the rspecific gravities, which range from 0-627 to 0-860, the lightest coming over first It sworthy of notice, that though aU these volatile liquids were distiUed from the original

wToo^.tfptr/s S 400?r'"^^
'^^^^"^ P«-^ -'^^

These liquids are all colourless, and do not solidify at any temperature, howeverlow, to which they have been exposed. They are useful for many purposes. All aresolvents of caoutchouc The vapour of the more volatile. Dr. Snow iL found to be

^tj r^^T ""^^ ^'r^ 'P^^'^ g^a^ty are caUed in commerc^Sherwoodole and Belmonttne these have great deteigent power, readily removing oilvstains Iron silk, without impairing even delicate colours. The distillate of the lugher
specific gravity is proposed to be used as lamp-fuel ; it burns with a brilliant white
flame

;
and, as it cannot be ignited without a wick, even when heated to the temnera-

ture ot boihng water, it is safe for domestic use.
A small percentage of hydro-carbons, of the benzole series, comes over with the

distillates in this first operation. Messrs. De La Eue and MiiUer have shown that itmay be advantageously eliminated by nitric acid. The resulting substances, nitro-
benzole, &c., are commercially valuable in perfumery, &c.

After steam of 212° F. has been used in the distillation just described, there is left a
residue amounting to about three-fourths of the original material. It is fused and
purified from extraneous ingredients (which Warren De La Eue and H. Miiller have
found to consist partly of the colophene series) by sulphuric acid. The foreign
substances are thus thrown down as a black precipitate, from which the supernatant
liquor is decanted. The black precipitate, when freed from acid by copious washing
has aU the characteristic properties of native asphaltum. The fluid is then transferred
to a still, and, by means of a current of steam made to pass through heated iron tubes
IS distilled to any required temperature. The distiUates obtained by this process are
classed according to their distilling points, ranging from 300° to 600° F The
clistillations obtained, at 420° F. and upwards, contain a solid substance, resembling
in colour and in many physical and chemical properties, the paraffineof Keichenbach •

like it. It IS electric, and its chemical affinity is very feeble ; but there are reasons for
believing that a difference exists in the atomic constitution of the two substances.
The commercial name of Belmontine is given to one of the fluids from the Burmese
pitch.

_
Candles manufactured from the solid material (Paraffine) possess great illu-

minating power. It is stated that such a candle weighing ^th lb., will give as much
light as a candle weighing ^th lb. made of spermaceti or stearic acid. Its property of
fusing at a very low temperature into a transparent liquid, and not decomposing
below 600° F., recommends this substance as the material of a bath for chemical
purposes. As to the fluids obtained in the second distillation, already described, they
all possess great lubricating properties

;
and, unlike the common fixed oils, not being

decomposable into an acid, they do not corrode the metals, especially the alloys of
copper, which are used as bearings of machinery. This aversion to chemical combi-
nation, which characterises all these substances, affords, not only a security against
the brass-work of lamps being injured by the hydro-carbon burnt in them, but also
renders these hydro-carbons the best detergents of common oil lamps. It is an
interesting physical fact, that some of the non-volatile liquid hydro-carbons possess the
fluorescent property which Stokes has found to reside in certain vegetable infusions.
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An important characteristic of the Burmese naphtha is its
_

being almost entirely

dastituto of the hydro-carbons belonging to the olefiant-gas series. See Naphtha.

The OzoKEEiT candles, so called, have been recently introduced by the Messrs.

Field and Co Those candles arc made of ozokerit, that is to say mineral paraffine,

•ilso called mineral wax, which is found in beds in sandstone near Slamk in

koldavia in the vicinity of coal-mines, and mineral salt. It is also found in the

Carpathian Mountains, and it is from this source that the EngUsh merchants get

their supply. This material has a rough appearance, is of a brown, greenish, or yellow

colour- It is translucent at the edges, and its fracture is resinous. It is naturally

fragile' but in softening it can be kneaded like wax. If exposed to the air it turns

black Friction electrifies it negatively, and it emits an aromatic hydro-carbonaceous

odour At the low temperature of 66° C. it flows, and other substances, less fusible,

necessary in the manufacture of candles can then be added. The power of the bght

of ozokerit candles can be deduced from the experiments of Dr. Letheby, who has

shown that the light of 754 ozokerit candles equals that of 891 paraffine, or 1150 wax

candles. Ozokerit candles can be coloured mauve or magenta, and then present a

pleasing appearance. See Pabaffine, and Mcstbeal Candles.

Our Exports of Candles of all sorts were as follow :

—

—
^

Places 1871 1872

Cwte. Value Cwts. Value

To France 667,419 £20,150 660,477 £18,588

Spain and Canaries . 82,742 2,784

Foreign West Indies 54,895 1,693

Central America . 132,022 4,380 245,115 7,770

New Granada .... 217,342 6,729 275,833 9,090

Peru 63,186 2,573

Chili . . . . 46,114 1,671

Channel Islands 309,048 8,166 501,116 13,280

South Africa, Brit. Possessions . 375,338 12,002 535,106 17,846

Bombay and Scinde . 76,614 2,644 143,712 4,878

Madras 87,646 3,035

Bengal 180,322 6,644 345,871 11,134

Australia..... 1,491,778 50,114 1,373,132 49,150

British North America 205,697 6,709 247,957 8,493

West Indies, Brit, Possessions . 987,414 31,458 1,019,455 38.825

Other countries 691,502 20,796 1,418,750 48,437

Total . 6,596,079 £180,548 6,806,524 £227,491

We Imported Candles from the following countries :-

Places 1871 1872

Steakike :

—

From Eussia
Holland ....
Belgium ....
Other countries

Cwts.

11,968

40,231

30,265

772

Value

£47,436
140,996

96,329

2,851

Cwts.

64,420

41,214
636

Value

£230,605
161,536

2,234

Total , 83,236 £287,611 106,270 £384,375

Other Kinds :-

From Germany ....
Holland ....
Belgium ....
Other countries

932

4,177

870

3,084

12,770
3,220

2,423

1,129

1,872

466

£8,813
3,007

6,309
1'729

Total.. 6,979 £19,074 6,890 £19,865

CAlTEIiXA, or Wild Cinnamon. The Canella alba, a tree growing in the West
Indies. The bark is used as an aromatic and tonic. The negroes of the West Indies

employ it as a condiment.

CAirE-lVXXXiA. The mill employed for crushing the sugar-cane. See Sugah.
CASTES. The produce of various species of the genus Calamus. The Calamus

Eotang and C, Scipionum are said to produce the rattan canes of commerce, but it ia
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fJom sirni^^ti T ^ spocies aro cut indiscriminately. The best rattans are obtained

sZat ri,-
" •°' ^''^''^

'
^^""^ P^'^c''^ th°y '^'^^ exported to EuropT™ J: „^ 1

"'^
' ^^l'"

^^^^"^ '=°^°'^^y consumption of rattans is immense. Theaverage annual importation to this country amounts to about 11,000,000. The stems

hJuLT^V'" ^^^^ ^ ^'""^y <^^°y "^'^ °^«'ly ^P^it- ^nd from them theoottoms ot chairs and similar articles are manufactured. The resinous matters of theratbm is the dragon's blood of commerce.
Kattan anos are often counfounded Avith the bamboo. They are, however, as stated

aoovo, the produce of various species of the genus Calamus, whilst the bamboo is agrass belonging to the genus Bambusa. Eattans are cylindrical, jointed, very toughand strong, from the size of a gooseiuill to that of the human wrist, and from fifty to a
hundredfeotin length. Theyarousodforwicker-work,seatsof chairs, walking-sticks, &c

Iho bamboo is a plant of the rood kind, growing in the East Indies, and other warm"
climates, aud sometimes attaining the height of sixty feet. Old stalks grow to five or
SIX inches diameter, and are so hard and dui-able as to be used for building, and for
all sorts of furniture, for water-pipes, and for poles to support palanquins. The
smaller kinds are used for walking-sticks, flutes, &e. See Bamboo.

Canes of various kinds are employed in manufactures, as the Sugar-cane, &c.
The arundo {the reed), a genus of plants belonging to the grasses, are also largely
used. They are imported from Spain and Portugal for the use of the weaver, and for
the manufacture of fishing rods.

CAXTGICii, WOOD, called also in England Angica. It is of a rose-wood colour

;

and is imported from the Brazils in trimmed logs, from eight to ten inches diameter!
As a variety in cabinet work, small quantities of this wood are employed.
CiVXnril.BIC COIVXPOSXTIOST. This material for architectural decoration is

described by Mr. B. Albano to have a basis of hemp, amalgamated with resinous sub-
stances, carefully prepared and worked into sheets of large dimensions.

Ornaments in high relief and with great sharpness of detail are obtained by
pressure of metal discs, and they are of less than half the weight of papier-mach^
ornaments, sufficiently thin and elastic to be adapted to wall s^faces, bearing blows
of the hammer, and resisting all ordinary actions of heat and cold without change of
form. Its weather qualities had been severely tried on the Continent, as for coverings
of roofs, &c., remaining exposed without injury.

This composition is of Italian origin, and in Italy it has been employed for panels,
frames, and centres. It is well fitted to receive bronze, paint, or varnish ; the
material is so hard as to allow gold to be burnished, after gilding the ornaments
made of it.

CAN-ZTABIS XXDICA. Indian hemp. See Hemp.
CASriTABXS SATXVA. Common hemp. See Hemp.
CAZrUABUVE. A poisonous resin extracted from hemp {Cannabis sativa).

The narcotic properties of chascMsch or bang depend on the presence of this resin.

CAlO'ia'A EDTTZiXS. The rhizomes or tubers of this plant are supposed to yield

the starch known in commerce as Tous-les-mois, but it is probably derived from
C. glauca or C. Achiras. (Pereira; Bentleyand Eedwood, 1872). See Tous-ues-Mois.
CAZTZTEXi COA& is generally considered to be a variety of bituminous coal. Its

name Canuryl, a candle, is derived from the readiness with which it kindles and burns

with flame. Cannel coal is obtained most abundantly in Lancashire, especially around

Wigan, which district produces 650,000 tons per annum, while the Manchester

district produces about 130,000 tons. It is found abundantly in Scotland, where

it is known as gas-coal ; the quantity produced in 1865 was 322,000 tons. In

Plintshire a very fine cannel has been found, especially at Leeswood, near Mold

;

about 150,000 tons are raised, nearly all of which is used for the distillation of coal-

oil. Cannel coal is also found in Derbyshire, in "Warwick£]ii"i?, and in Yorkshire.

, Detailed Statement of the Production of Cannel Coal in Great Britain.

England. a\)ts

Staffordshire, North.—A Cannel coal of uncertain quality occurs in this dis-

trict, especially between Hanley and Harecastle. It is usually termed in the

locality 'pill' or 'peal,' and is sold at the pit's mouth at lOs. the ton. The

quantity of this Cannel which is raised annually is about . . • • 10,000

Nottinghamshire.—IhQ chief if not the only place in this county at which

Cannel is worked is at Hucknall Torckard, near Nottingham. Nearly all

that is raised is appropriated for oil-making, the quantity pi-oducod being 48,000

Derbyshire.—The places producing this variety of coal are the following

:

Eenishaw, near Chesterfield.—This is not strictly a Cannel.

Swanwick Colliery.—This is a Cannel of fair average quality.

Clay Cross,—But little is worked on this estate at present.



CAimBL COAL 689

The total production of Derbyshire is estimated at about .

YoTJIe.--The mines in Yorkshire producing Oannel are:-

Tons
43,000

5. College, Birstal.

6. Oakwell, Leeds.

7. Ardsley Main, Axdsley.

1. Silkstona Tall, Barnsley.

2. Adwalton Moor, Leeds.

3. Bruntcliffe, Leeds.

4:. Gilderstone, Leeds.

qome of this is an inferior Cannel, known, locally, as < drub
'
or ' stub/ and

fponsiderable quanti^ of the true Cannel of the West Eiding mU not coke.

Th q^ntity raTse^ the Yorkshire district may bo t^ken at
_

185.000

Lancashire.—The collieries in the East Lancashire (Manchester) district

producing Cannel coal are the following :

—

1. Bank, Little Hulton

2. Blackrod, Chorley,

3. Blackrod, Blackrod.

4. Bridgewater, Worsley.

The total estimated production being

6. Hulton, Bolton.

6. Scot Lane, Blackrod.

7. Stonehill, Farnworth.

8. Eigby Pit, Anderton Hall.

Xne total esumateu pruuuviuiuii uoiug • •
^ . r< i

Thecollieries in theWestLancashire (Wigan) district producing Cannelare :—

1. Haigh, Haigh and Aspull. I 3. Kirkless Hall, Kirkless.

2. Aspull, Haigh and Aspull.
|

4. Standish, Standish.

(These belong to the Wigan Coal and L?on Company.)

. 120,000

9. Walthew House, Pemberton.

10. Gidlow Lane, Wigan.
11. Eowenhead, St. Helen's.

6. Eose Bridge, Ince.

6. Douglas Bank, Wigan.

7. Norley Hall, Pemberton.

8. Ince Hall, Wigan.

The total production of these collieries was » 530,000

C^esAire.—Duckinfield, Stockport, is the only colliery in this county pro-

ducing Cannel coal. The present yield being 12,000

The Estimated Production of Cannel Coed in England.

Tons

North StaflFordshire 10,000

Nottinghamshire 48,000

Derbyshire 43,000

Yorkshire 185,000

Lancashire 650,000

Cheshire 12,000

The total annual production in England being about . 948,000

At least 50,000 tons of this, possibly much more, is reserved for the manufacture

of the mineral oils.

North Wales.—This is the only district at present producing Cannel. The collieries

yielding it aile :

—

1. Leeswood Green, Mold.

2. Leeswood Hill, Mold.

3. Coed Talon, Mold.

4. Coppa, Mold.
6. Nerquis, Mold,
6. Wern, Bagilt

iFrom these works the quantity of Cannel coal raised was, as nearly as could be ascer*

tained, 150,000 tons, almost the whole of wliich was consumed in the oil works of Elint*

shire, which are now much reduced in extenti

Scotland.

We have reliable information as to the output of Cannel coal from this important

field.
_ ,

At a meeting of coal-owners held in Glasgow, the estlmatod quantity raised annually

was as follows t
—

Tons
Lanarkbhire ....... 172,000
Linlithgowshire

East and Mid Lothian

Fifeshiro

Ayrshire

Vol. L
Giving as the total quanti

Y Y

28,000

55,000

29,000

38,000

ty . 322,000.
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T^nl^^Af^^^f made was Btatod to havobeen 61,600 tons, making tho total quantity raised as 383,600 tons. Mr. Einnovinforms us that nearly 100,000 tons of this is used in making oil.
^

The Total Quantity of Caimcl Coal produced in the United Kingdom, 'tmy he
estimated as

:

—
^ng^and oS'oOO
Wales 150,000
Scotland 322,000

1,420,000
At a low estimate 250,000 tons of this has 250,000

been submitted to distillation for coal-oil

;

therefore, for gas-making and other pur-

,

poses, the total quantity obtained will be 1,170,000

See Shaies and Shate Oil.

This coal, when worked for ornament, is cut with a saw, and the pieces are rough-
shaped with a chopper. For making a snuff-box, whether plain, screwed, or excen-
tric txirned, the flank-way, or the surface parallel with the seam, is most suitable

;

It IS also proper for Tases, the caps and bases of columns, &c. Cylindrical pieces, as
for the shafts of columns, should be cut from either edge of the slab, as the lamina
then run lengthways, and the objects are much stronger: cylindrical pieces thus
prepared, say 3 inches long and fths of an inch diameter, are so strong they cannot
be broken between the fingers. Similar pieces havo been long since used for tho
construction of flutes, and in the British Museum may be seen a snuff-box of
Cannel coal, said to have been turned in the reign of Charles I., and also two busts
of Henry VIII. and his daughter ' Lady Mary carved in the same material. Tho
plank-way surfaces turn the most freelj', and with shavings much like those of
wood

;
the edges yield small cTiips, and at last a fine dust, but which does not stick

to the hands in the manner of common coal. Hat objects, such as inkstands, are
worked with the joiners' ordinary tools and planes. The edges of Cannel coal are
harder and polish better than flat msid.c^^.—HoUza'pffel. See Coai, and Boghead
Coal.

CANxroiTi See Artilleex and Shell.
CAIU'N'ON'-Bii.IiIi TREE. Couroupite Cruianensis. A tree belonging to the

Lecythidea, a suborder of the dicotyledonous plants belonging to the natural order
MyrtacecB. These trees are natives of South America, and are distinguished by their

very large fleshy flowers and singular fruit. The cannon-ball tree obtains its namo
from the peculiar large heavy woody fruit, which is as big as a thirty-six-pound shot.

The shells of this fruit are used for drinking vessels.

. CAUTKARIDES. The blister beetle or Spanish fly, the Cantharis vesicatoria.

Cantharides are chiefly collected in Hungary, Eussia, and the south, of France. They
are imported from St. Petersburg in cases, each containing 160 to 170 lbs. and also

from Messina in barrels or cases holding each 100 lbs. See Pererra's ' Materia Medica,'
Bentley and Eedwood, 1872.

CAXTTOir'S PHOSPHORUS. Sulphate of lime being heated with charcoal in

a crucible is converted into sulphide or sulphuret of calcium. If this preparation is

spread over a sheet of paper, and exposed to bright sunshine, it will, when ta,ken

into a dark room, emit a phosphorescent light. This solar phosphorus was discovered

by Canton, and is prepared according to his directions by calcining for an hour at

a red heat a mixture of 3 parts of ground oyster-shells and 1 part of sulphur. See

Phosphoeits and Pyeophoeus.
CANVAS. (Canevas, Fr.

;
Kanevas, Ger.) A coarse cloth made of hemp or

flax, which is used for the sails of ships and for tents. It has been found that sails of

ships made with the selvages and seams of the canvas running down parallel to their

edges are very apt to bag, and become torn in the middle, from the strain to which

they are subjected, by the pressure of the wind. To obviate this inconvenience amodo
of making sails, with the seams and selvages running diagonally, was proposed by

Admiral Brooking, and a patent granted to him for the same on November 4, 1828.

The invention of Messrs. Ramsay and Orr has a similar object, viz., that of giving

additional strength to sails by a peculiar manner of weaving tho canvas of which they

are made.
Tho improvement consisted in weaving tho canvas with diagonal threads

; that is,

placing tiio weft yarn, or shoot, in weaving, at an oblique angle to tho warp yarns,

instead of making tho decussation of tho warp, or weft threads, or yarns, at right angles

to each other, as in the ordinary mode of weaving.
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^PcomDlish this object the loom must bo pecuUarly constructed; its warp and

,1^ must stand at an oblique angle with tho sides of the loom, and the batten

rfslayrusTieS in manner, in order to beat up the ^eft or shoot, m"
is used for covering halls, &c.. and is gene-

rally called floor-cloth. A finer kind of canvas, properly prepared, is employed by

^""SoiTTCHOWC, CUM-BliASTlC, or INDlA-BUBBBa (CaotifcAoMC Fr. ;

KautsM,Federhar^,GeT.)occ^^xs as a milkyjuice in several plants, such as the&i^^o-

nta CaZca, called also Hcvea Gtcianensis, Cautschuc, JatropJuc elasttca, CastiUeia clas-

Ica S^orkTpellc^ Ficus religiosa and mdica, Urceola elastica, &c._ Dr. Lmdleys

account the plants that yield the most important supplies of commercial caoutchouc,

S plates of the leaves and flowers, will be found in Mr. Hancock's work on Caout-

Sc These are stated to be Siphonia elastica, Hancorma spe<yiosa, Fv:us elastwa

S Urceola elastica. It is, however, extracted chiefly from the
f^^t

Plan
'
whjch

erows in South America and Java. The tree has incisions made into it through the

Skin many places, and it discharges the milky juice, which is spread ^pon clay

moulds, and dried in the sun, or with the smoke of a fire, which blackens it Portions

of tliis inilky iuice have been occasionally sent to Europe in bottles ;
some few arrived

with the miUcy emulsion, but generally they were found to be resolved into a coagulum

floating in an aqueous solution. A small bottle from Cayenne or the Isle of France,

in the possession of M. D'Arcet, passed some years without change, but the severe

winter of 1788-9 caused it to pass to the solid state, and the bottle was broken.
_

Sir Joseph Banks is reported to have had a bottle of liquid unaltered but which

afterwards was decomposed. Fifty gold louis-d'ors, it is said, were offered by him at

Lisbon in vain for a second supply.
. , r i „f„„„„

Caoutchouc, Gum-Elastic, or India-Eubber, are the general names for a substance

now so well known, familiar, and important, that it seems matter for surprise that the

latter half of the preceding century should have passed away before it was made

known to Europe by memoirs read to a learned body. For the remainder of the cen-

tury, its extraordinary property of elasticity and the grotesque objects made by the

Indians, caused it to be met with in the cabinets of the curious ;
its use was still con-

fined to erasing marks of black-lead pencil from paper, and in tins country it received

the common name of lead-eater.

Europe is indebted to the observations of M. de la Condamine, who, despatched Irom

France on a scientific mission, found the natives and residents of that part of South

America which he visited constantly using syringes, bottles for non-corrosive liquids,

boots, and many other articles, made of India-rubber. In 1736, he wrote to the

Academy of Sciences at Paris an account of tliis substance ; which during his ten years'

residence in Para, and journeys in the country, and along the banks of the Amazon, he

had constant observation of the use of by the natives.

He describes the forms of bottles and articles moulded with clay, coated with the

milky juice of trees, in successive layers, and when dried in the sun, the earth broken

out, and says that the Indians, with a point of hard wood, impressed ornaments upon

the soft mass.

He also states that the gum-resin spread upon cloth formed a waterproof

covering of groat use for bagging to keep biscuits, food, and clothing dry from rain,

and as a substitute for tarpaulins ; and he especially notes the use of a great canvas

prepared with liquid India-rubber, to cover the quadrant circle as it stood on its legs,

which allowed it to be left in the rain and snow, and thus enabled them to make

observations at intervals of weather, and avoid the great labour of removing^ the

instruments to boxes and places of shelter. To obviate the adhesion of objects

recently made to each other, especially if the sun is upon them, 'Spanish white, and

even dust is employed :
' the inconvenience is thus prevented, and the articles imme-

diately take the brown colour which is ultimately acquired by the exposure of the

white juice to the sun and air, smoke and fire, methods employed by the Indians.

M. de la Condamine found in the province of Esmeraldes this substance, called by the

natives Hh6v6 ; it is obtained by a single incision from the plants, and is a wliite

liquid like milk, which hardens and blackens in the air. The Indians mado flam-

beaux 1^ inch thick and 2 feet long, that burnt very well without a wick for 2i hours

with a brilliant flame and without any disagreeable odour. This caoutohouc was
wrapped in two leaves of bananier to form the flambeaux ; he used these lights habit-

ually, on his route along the river Esmeraldes, and especially in the wood of Sylanche,

where he was detained for days.

It was in 1751, that M. dela Condamine brought the subject into notice, for M. Fres-

noau had found and described trees in Cayenne, yielding elastic resin. Writing to hia

X Y 2
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foming\™lo^ ^^tailB for obtaining the Bap, and

Tvo^dq'^o/t,S'^^T-
°° remarks upon the memoir of M. Fresneau wkh

rxclusivo ol S?'.? """P"'^' ^^^'^ prophetic Bpirit, and Bays, 'it ynll bo anS ?T
=^ ? commerce for that colony which possesses this species of treasure.'

dAnTT?!:^!''''"
""""^ Macquer in 1761, gave tlieir chemical observations to the Aca-

.n? «nri,?f
^'"^'^ «^ Cayenne. They refer to the softeninR

^ ntf^-f . T?^
^'^^^''.'^ '^^^^ caoutchouc does not again takes its solidity orcia&ucity._ By rectifying oil of turpentine upon lime and dissolving caoutchouc in it,

«fn7 ^^Zl^^'^
a pasty mass which allowed tlio caoutchouc to regain its former ckstic

fatate. inoy point out that ether may be advantageously used, and they complain of
tiie great expense of Dippel's animal oil as a solvent. While pointing out the surgical
uses ot caoutchouc, Macquer describes the necessity for carefully rectifying the ethertaking 8 orlO pounds, and only receiving the first 2 pounds for the solution of caout^
cnouc. He used, instead of clay, moulds of wax, held by pincers, and plunged in the
ethereal solution, and by repeated coatings, allowing the ether to evaporate, a thin
covering was obtained

; by the heat of boiling water the wax flowed out, and a tube
ot caoutchouc remained. He states that he found it difficult to get the tubes uniformM. brossart in 1768, published his experiments on preparing tubes of India-rubber
by means of ether and boiling water : these memoirs seem to have remained without
sumcient reference and study.

It has been received as an opinion in England and America, that one of the earliest
notices of the useful properties of India-rubber is that given by Dr. Priestley, in a
work evidently got up with great care, called, 'A Familiar Introduction to the Theory
and Practice of Perspective, by Joseph Priestley, LL.D., London, 1770.' At the end
ot the preface is the following addition : 'Since this work was printed ofi^ I have seen
a substance excellently adapted to the purpose of wiping from paper the marks of a
black-lead pencil. It must, therefore, be of singidar use to those who practise drawing,
it IS sold by Ml'. Nairne, Mathematical Instrument-maker, opposite the Eoyal Exchange,He sells a cubical piece of about half an inch for three shilUngs, and he says it wiU
last several years.'

It will be remarked that no name for the substance is mentioned; the preface is
dedicated 'to Sir Joshua Eeynolds, Knt., P.E.S., Leeds, March 20th, 1770;' and we
may fairly conclude that the substance was at this time a novelty in art and trade.

_

It seems probable, that the experiments with balloons, and the application of air-
tight varnishes, especially those by Messrs. Charles and Eobert, called more general
attention to the properties of India-rubber in Europe.
Mr. Hancock says, ' This substance came first into notice about the beginning of

the last century, moulded into the shapes of bottles and animals. It was sold as high
as a guinea the ounce, and used for rubbing out pencil-marks ; but scarcely anything
was known of its history, except that it came from America.'
The juice itself has been of late years imported. It is of a pale yellow colour, and

has the consistence of cream. It becomes covered in the bottles containing it with a
pellicle of concrete caoutchouc. Its specific gravity is 1-012. When it is dried it loses
65_per cent, of its weight ; the residuary 45 is elastic-gum. When the juice is heated
it immediately^ coagulates, in virtue of its albumen, and the elastic-gum rises to the
surface. It mixes with water in any proportion ; and when thus diluted, it coagulates
with heat and alcohol as before.

Hitherto the greater part of the caoutchouc has been imported into Europe from
South America, and the best from Para ; but of late years a considerable quantity
has been brought from Java, Penang, Singapore, Assam, and Africa. Many years
ago, Mr. William Griffith published an interesting report upon the Ficus elastica,

the caoutchouc tree of Assam, which he drew up at the request of Captain Jenkins,
agent in that country to the Governor-General of India. This remarkable species of
fig-tree is either soUtary or in twofold or threefold groups. It is larger and more
umbrageous than any of the other trees in the extensive forest where it abounds, and
may be distinguished from the other trees at a distance of several miles, by the

picturesque appearance produced by its dense, huge, and lofty crown. The main
trunk of one was carefully measured, and was found to have a circumference of no

less than 74 feet ; while the girth of the main trunk along with the supports imme-
diately round it, was 120 feet. The area covered by the expanded branches had a

circumference of 610 feet. The height of the central tree was 100 feet.

It has been estimated, after an accurate survey, that there are 43,240 such noble

trees within a length of 30 miles and a breadth of 8 miles of forest, near Ferozepore,

in the district of Chardwar, in Assam.
Lieutenant Veitch has since discovered that the Ficus elastica is equally abundant in

the district of Naudwar. Its goograpliical range in Assam seems to bo between
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atiatXS;: t;Se"^^^^^ afford grateful shade, however, in the

tropical regions of America as ^pll/^^^Jf •

.gracious iuice, of which bird-lime has
fianyspeciesof other rees yaeld am^^^^

^.^^^ .^^.^^

^ISJ^'&^L^^^^^^^ Fromsomeofthese

an inferior kind of ^^aoutchouc has been o^^^^^^^^
^^^^ ^^^^

The juice of the Ficus
S^sm^^^ in the hot. It is extracted

from the young trees, and richer the '^dd Beason tna
^^^^^

by making r^^r i

^ T^.^Tto the quantity which
trunk, and also the large branche^^^^^^

exudes increasing with the height of
J°

.

^J^^' of the consistence of cream,

once every fortnight. The fluid, fresh (^aw^ is nearly o
^^^^

and pure white. Somewhat more than half ^^'^^''^.^^^^^^^ ^eld about 12,000

average produce
ofC fto G^art^ of water, and, of

maunds of nice ; which is ^om^^^edm
f^l^'^.f^^^^ £ confined to the cold

ZSkt^^rto^intin^^^^^ -^-tion of the tree in

months, so as

it proceeds from the bark alone,
^^^f^^^J^J,"^;^^ 1^^^^^^

capiiatum
scoop out a hole in the earth, in which they place a ^^at « tne

^ the various

hgredientin the food
f-'kyS^M TfSo^arS^^^^^ lu-^-"

carbon 50-69, and hydrogen 3-94, m 100 parts.
_ mmhorbiacem

This hydro-carbide emulsion is of common occurrence in
^ff^l^^^°'^^^

p.T,rl Urticacee which may be looked on as the mam sources of caoutchouc, ine

iSr^StToue is sa^id to be furnished by the fphonia das^a o. the Hevea

Guianensis of Aublet, a tree which grows m Brazil, and .^1^0 ^^Simnam

Dr Eoyle sent models of cylinders of M to 2* inches m diameter, and 4 or S mcnes

in lenglh, to both the Asiatic 'and Agricultural Societie^of Bengal to s^^^^^^^

for the nktives to mould their caoutchouc by. Mr. Griffith says
f^^f f J^^^

fomSgthe caoutchouc into tumblers or bottles, as recommended by the committee

ofXe London Joint-Stock Caoutohouc Company, is, in his opinion, tlie™t that can

nossibly be offered ;
being tedious, laborious, causing the caoutohouc to be blackened

Tthe dSinTand not obviating the viscidity of the juice when it is exposed to the

un H7recommends, as a far better mode of treating the juice, to work it up ^ h

the hands, to blanch it in water, and then subject it to P^™. S
have recently occurred while experimenting upon the caoutchouc J?i<^^- X ^^eTin
with certain precautions, chiefly exclusion from air and much

^35^*' J^^tates^ s^^^^
the state of a creamy emulsion for a very long time. Mr. Hancock states, some

barrels treated with ammonia arrived in England m a fluid state.
. j i, .

Cer plausible these observations may appear, the practical men panted sheet

rubber to cut into threads, &c., and Mr. Hancock states he had a cylinder made of

mastiLted rubber, of a convenient size, and sent it to Para as apattern for the natives,

Sl^e^rnumbeW of cylinders were soon after in the market, well made, of the

aualitv desired, and caUed tubes. Such cylinders are still imported (1857).

Grelt Store t was taken by Mr. Hancock to introduce the native jmce into this

countey and after great expense, he had the disappointment of finding the barrels

^Sed cigulated India-Uber and watery fluid. Some samples, bj pocubar

toatment. cs(Sped ; whatever might have been expected, there seemed but bttle

crfidence in these plans, and valuable as the native juice might be at one time yet

Ty solvents and by working the rubber with machinery, it is far more profitable

employ this state, than to import a large quantity of watery fluid mth aU the

Spenrcs of casks and cooperage, while the solid article is exceUently adapted to take

care of itself*
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Sharp and clean casts were taken with this liquid, and as it is susceptible of being

tinted witli delicate colours, it might be used for beautiful ornamental purposes ; whea

transparent
^« i° small pieces or thin sheets, it is semi-

The specific gravity of caoutchouc is 0-926, and it is not permanently increased byany ciogi-ee of pressure. By cold or long quiescence it becomes hard and stiff When
the miJky juice has become once coherent, no moans liitherto known can restore it to
the emulsive state. By long boiling in water it softens, swells, and becomes more
readily soluble in its peculiar menstrua ; but when exposed to the air it speedily resumes
Its former consistence and volume. It is quite insoluble in alcohol ; but in ether, de-
prived of alcohol by washing with water, it readily dissolves, and affords a colourless
solution. When the other is evaporated, the caoutchouc becomes again solid, but is
somewhat clammy for a while. When treated with hot naphtha, distilled from native
petroleum, or from coal-tar, it swells to 30 times its former bulk ; and if then triturated
with a pestle, and pressed through a sieve, it affords a homogeneous varnish, which
being applied by a flat edge of metal or wood to cloth, prepares it for forming the
patent water-proof cloth of Macintosh. Two surfaces of cloth, to which several coats
of the above varnish have been applied, are, wlien partially dried, brought evenly in
contact, and then passed between rollers, in order to condense and smoothe them
together. This double cloth is afterwards suspended in a stove-room to dry, and to
dispel the disagreeable odour of the naphtha.

Caoutchouc dissolves in the fixed oils, such as linseed oil, but the varnish has not
the property of becoming concrete upon exposure to the air.

It has lately been asserted that caoutchouc is soluble in the oils of lavender and
sassafras. Eoxburgh found it perfectly soluble in the oil of cajeput.

It melts at 248° F., and stands afterwards a much higher heat without undergoing
any further change, Wlien the melted caoutchouc is exposed to the air, it becomes
hard on the surface in the course of a year. When kindled, it burns with a bright
flame and a great deal of smoke.

Neither chlorine, sulphurous acid gas, muriatic acid gas, ammonia, nor fluosilicie

acid gas, affect it, whence it forms very valuable flexible tubes for pneumatic che-
mistry. Cold sulphuric acid does not readily decompose it, nor does nitric acid, unless

it be somewhat strong. The strongest caustic potash-lye does not dissolve it even at

a boiling heat.

According to Dr. Paraday, the pure caoutchouc, obtained from the sap, had a
specific gravity of 0'925, and no reduplication of it in a Bramah's press was found to

effect permanent alteration.

The specific gravity of the best compact Para caoutchouc,

taken in dilute alcohol, is 0-941567

The specific gravity of the best Assam is ... . 0-942972

„ „ Singapore .... 0*936650

Penang .... 0-919178

Having been favoured by Mr. Sievier, formerly managing director of the Joint-Stock

Caoutchouc Company, and by Mr. Beale, engineer, -with two different samples of

caoutchouc juice, Dr. lire subjected each to chemical examination.
' That of Mr. Sievier, is greyish brown, that of Mr. Beale is of a milky grey colour

;

the deviation from whiteness in each case being due to the presence of aloetic matter,

which accompanies the caoutchouc in the secretion by the tree. The former juice is

of the consistence of thin cream, has a specific gravity of 1-04125, and yields, by

exposure upon a porcelain capsule, in a thin layer, for a few days, or by boiling for a

few minutes with a little water, 20 per cent, of solid caoutchouc. The latter, though

it has the consistence of pretty rich cream, has a specific gravity of only 1-0175. It

yields no less than 37 per cent, of white, solid, and very elastic caoutchouc.

' It is interesting to observe how readily and compactly the separate little clots or

threads of caoutchouc coalesce into one spongy mass in the progress of the ebullition,

particularly if the emulsive mixture be stirred ; but the addition of water is necessary

to prevent the coagulated caoutchouc from sticking to the sides or bottom of the vessel

and becoming burnt. In order to convert the spongy mass thus formed into good

caoutchouc, nothing more is requisite than to expose it to a moderate pressure between

the folds of a towel. By this process the whole of the aloetic extract, and other

vegetable matters, which concrete into the substance of the balls and junks of caout-

chouc prepared in Assam and Java, and contaminate it, are entirely separated, and an

article nearly white and inodorous is obtained. Some of the cakes of Amencan

caoutchouc when cut exhale the fcctor of rotten cheese; a smell which adheres to the

threads made of it after every process of purification.
, , „ x> -i j i.

'In the interior of many of the balls which come from both the Brazils and East
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firr fniinrl of a viscid tarry-looking matter, wMcli, when ex-

Indios, spots are 'l^^^'^t^y T Sment, Ind decomposo the whole mass into

posod to the air, ^<=t in some jnn^^^^^^
^^^-^^ ,1,, f,,,^ j^iee

i soft substance, ^^icl^^is good tor notm g t-^

^ ^^^^ article would

alongj^th its^^^^^^ trouble and delay, than has been hitherto.

brought into the market.
samples of caoutchoucjuice affords any appear-

. I find that neither of the above two samp
^^^^^^^ ^.^25 specific

ance of coagulum
/^^^^Jl^that albX^^^^ a necessary constituent of the

is by far the richer and purer,
^^^^^,^^^^3^^^^^^^ from the aloetic

latter is at first bland and ^7jg '^rf^fs bitter from the first, in con-

impression upon the tongue.
J'^^^^^^^fXch it COT^^^ When the brown solution,

sequence of the great e^'^^^,^?/

^f^/^,^^^^^^^^^^
been separated in a spongy

SfbySn i^-. ^^-^^^ ^

evaporated, it leaves 4 grains of concrete aloes^
pyroxylic spirit,

^^Both of these emulsive
J-^^XL^r^^^^^^^^^^^^ -ith caZcZciJ{tU

though they do not become at all™J ' X'J,Tlhtha but remain at the bottom of

distiUed spirit of caoutchouc), or with Petroleim-na^^^^^
Soda caustic lye does not

these liquids as distinct -
^^^^^^^^^^^

ciJ-dy magma.

StwEi^M if^^^^^^^^
of baryta andsilver; itaffords

'^T^ s'lSphtS of caoutchouc, a valuable invention, is due to Mr. Charles Goodyear

""^CaoutdSJc according to the experiments of Dr Ure, which have been confirm^ by

thoseTDrParaday, contains no oxygen, as almost all other solid vegetable products

do buJ is a compouid of merely carbon and hydrogen, in the proportion, by these

Te's2s of 90 carbon to 10 hydrogen, being three atoms of the former to two of the

Ltter Dr Faraday obtained only 87-2 per cent, of carbon Melted caoutchouc forms

•a very excellent cheidcal lute, as it adheres very readily to glass vessels, and -withstands

Srosive action of acid vapours. Caoutchouc is much used for efiacing the traces of

plumSgo pencils, whence it derived the name of India-rubber. It has been em-

jCd very extensively for making elastic bands or braces. The caoutchouc bottles

are skilfuUy cut into long spiral slips, which are stretched, and kept extended till

nearly deprived of their elasticity, and till they form a thread of moderate fineness.

This thread is put into a braid machine, and covered with a sheath of cotton, silk,

linen or worsted. The clothed caoutchouc is then laid as warp m a loom, and woven

into an elegant riband. Wlien woven, it is exposed upon a table to the action oi a

hot smoothing iron, which, restoring to the caoutchouc aU its primitive e asticity, the

riband retracts considerably in length, and the braiding corrugates equally upon the

caoutchouc cores. Such bands possess a remarkable elasticity, combined with any

desired degree of softness. Sometimes cloth is made of these braided strands of

caoutchouc used both as warp and as weft, which is therefore elastic m all directions.

When a light fabric is required, the strands of caoutchouc, either naked or braided,

are alternated ^vith common warp yarns. For this mixed fabric a patent has been

obtained The original manufacturer of these elastic webs was a major m the Austrian

service who erected a factory for them at St. Denys. near Paris.

I. Caoutchouc Manufactubes.

But before entering upon these special divisions wo may advert to some of the

steps that have created this now employment for capital, commerce, and skill, es-

peciallv as Mr Hancock conceives it but just to the memory of the late Mr. Macintosh,

to record the circumstances which led to his invention of the ' Waterproof doubles-

textures,' that have been so long celebrated through the world by the name' of

^T^U^e recollected that on the introduction of coal-gas, the difficulties were very

great to purify it from matters that gave a most disagreeable odour to the gas and
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After the sermrntS,n ^r .
Works to receive the tar and ammoniacal product

^as producera^^^^^^^
water ammonia and piteh. the essential oil termedVpS£

rndiaTbber an^bvTr^^^^ made use of as a soS fo^

sXn and fS««nWn^{
the quahty and quantities of the volatile naphtha, he could

tu -03 of 11 1 • ^"i^"'^.^'''.'-
^^'^^ ^'^'''^'^ experiments to obtai^n the S-

1
f\^*^.Ty'^'*-^^'^^°tosh, in 1823, obtained a patent for mtero^of

Kers 'f'^^'^^t''
^^"^^-^tory of articles at Glasgow, and eve^triKth^™ ' fu^'^f 'W^^ extended scale of business at Manchester, now bo weUknown as the fii-m of Charles Macintosh and Co.

^
a S.r.f'°"i''5

«°l^«^ts of India-rubber is first to soften and then to form

Lafthe b?l T'^r^ ""f?
India-rubber, requiring mechanical action tobreak the biilk so as to get complete solution, when the original bulk is increasedtwenty or thirty times to form a mass: it may be imagined that in iho eady tHabmuch time was occupied, and manual labour, to break up the soft coherent ma^ss fiT

Sox-ted'to.
^ '

'^""^ ^"""^ m^iUer. and other simple mSns we
Macintosh, Hancock, and Goodyear, alike record the simple manipulations they firstemployed, and the impression produced at the last, when they compared their smallpersonal efforts with the gigantic machinery now used to effect the same results

..S.? ^f^^'^^'f
.fi^^t patent was in April 1820: 'For an improvement in theapplication of a certain material to various articles of dress and other articles, thatthe same may be rendered elastic' Thus, to wrists of gloves, to pockets to prevent

their being picked, to waistcoats, riding-belts, boots and shoes Vithout tying and
lacing, the public had their attention directed. To get the proper turpentine to
facihtate solution, and remedy defects of these small articles, and to meet the difficul-
ties of practice and failures Mr Hancock gave constant zeal, and pursued the subiect
until, united with the firm of C. Macintosh and Co., he produced one of the most impor-
tant manufactures known.

To get two clean pieces to unite together at their recently-cut surfaces, to obtain
facile adhesion by the use of hot water, to cut the India-rubber by the use of a wet
blade, to collect the refuse pieces, to make them up into blocks, and then cut the
blocks into slices, were stages of the trade which required patience, years of time, and
machinery to effect with satisfaction to the manufacturer.
To operate upon the impure rubber was a matter of absolute necessity for economic

reasons : the bottles made by the natives were the purest form, but larger quantities
ot rubber could be cheaply obtained, full of dirt, stones, wood, leaves, and earth. To
facilitate the labour of cutting or dividing, Mr. Hancock resorted to a tearing action,

and constructed a simple machine for the purpose. (See Jiff, 403). A shows the en-
trance for pieces of rubber ; b, interior of fixed cylinder, with teeth ; c, cylinder to

revolve with teeth or knives
;
d, the resulting ball of rubber.

This machine liad the effect of tearing the India-rubber into shreds and small
fragments by the revolution of a toothed roller ; the caoutchouc yielded, became hot,

and ultimately a pasty mass or ball resulted ; when cooled and cut it appeared homo-
geneous. "Waste cuttings put, in the fii-st instance, on the roller, wore dragged in, and
there was evidence of action of some kind taking place ; the machine was stopped, the
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^ ;i „«riAPin<» toeether into a mass, this being cut showed a mottled

pieces were found cohering togetner i

revolving teeth of the rollers, it

|rain, but being
^^^^^^^^^ SttSformly smooth in texture when cooled and

became very noo,

cut open. , , „ nnnces of rubber, and required tho power of a

The fi-t frgeja a^^^^^^^
^

^
'f, 3,Ud,\ith speed and power,

man to work it.
J'^^^T^^^^'r^vuej, cuttings of bottles, lumps, shoes, &c. : a charge

from all Idnds of scraps of India-rubber^^c^^^^^^ ^ inches in length and 1

of lib. gave a smooth ^^fo^/f^^^Jj^^^^^ {^^^3 of heated iron rollers, was long

inch in diameter. This process
and the machines are called

kept secret; it is bow known as the ma^^^^^^^^^^^
jg01t3_ to 200 lbs.

.Masticators.' In the works
blocks 6 feet long,

of India-inibber each, and
^^^^J

PJ^^^^^ machine of Mr. Chauffee,

12 or 13 inches wide, and 7
^^f'^il^'^^- appears to have been invented about

in the United States weighs about 30 tons and^^
Hancock's masticators,

1837. It is a valuable machine, f^ ^^^^^ jSr^^^^ as the foundation of the

but it answers well in many respects ; it may be consiaereu

American trade.
i.

• <.„ fr,Tm nf sauare iDieces and sold by the

In 1820 the blocks were
^

^^^o
.^^^^/^'^ sheets wereitroduced for a variety

stationers to rub out pencil-marks, and then ^™jV^JfAw consta^^^ wet, gave a

of purposes A cubical

^i^;^^-^^^,?^^^^,;^^^^^^
T£ guided, ' eLbled

reL:k^ntS;iS^^^^^^

r d^1^m"k"^f^oH^^ ™Tfduced. From
<^^^«.,Jf°°f'^^T;^^ cut pieces adjusted, tubes and vessels for

1 ^ ntid successful manufacturors wiU better enable the

itfde^gnsa ap5icSons°Ve minufacturo of caoutchouc has, at present, these

SnS brrnches:-l. The condensation of the crude lumps or shreds of caout-

Ec as imported from South America, India, &c., into compact homogeneous

bS and the cutting of these blocks into cakes or sheets for the stationer, surgeon

shoemaker, &c! 2. The filature of ,either the India-rubber bottles or the artificial

SrctutcEc, into t^pes and threads of -J/^^--^^Trm Se S^^^
being clothed with silk, cotton, linen, or woollen yarns, form the basis ot elastic

tissues of every kind. 3 The conversion of the refuse cuttings and coarser qualities

of Soutihoucito a viscid varnish, which,, being appUed between two surfaces of

cloth, constitutes the well-known double fabrics, impervious to water and air
,
and by

special applications to one surface, constitute the smgle-texture fabrics. 4. Ihe

vulcanisation of India-rubber. 5. The mechanical applications resulting from the

changed India-rubber. 6. The solarisation of caoutchouc.
_

The caoutchouc, as imported in skinny shreds, fibrous balls, twisted concretions,

cheese-like cakes, and irregular masses, is, always more or less, impure, but some-

times it is fraudulently interstratified with earthy matter. It is first cleansed by being

cut into small pieces, and then washed in warm water. It is next dried on iron trays,

heated with steam, while being carefully stirred about to separate any remaining dirt,

and is then passed through a pair of iron rolls, under a stream of water, whereby

it gets a second washing, and becomes at the same time equalised by the separate

pieces being blended together. The shreds and cuttings thus laminated, if still foul

or heterogeneous, are thrown back into a kind of hopper over the rolls, set one-sixteenth

of an inch apart, and passed several times through between them.
_ _

In the establishment of William Warne and Co. at Tottenham, rinsing and lamina-

tion are superseded by a process of washing practised in Mr Nickels's second opera-

tion, commonly called tho grindinff, or, as it should more properlybe styled, the Jcneadzng.

The mill employed for agglutinating or incorporating the separate fragments and shreds

of caoutchouc into a homogeneous elastic ball, is a cylindrical box or drum of cast iron, 8

or 9 inches in diameter, set on its side, and traversed in the line of its horizontal axis

(also 8 or 9 inches long) by a shaft of wrought iron, furnished with 3 rows of pro-

jecting bars, or kneading arms, placed at angles of 120 deg. to each other. These act

.by rotation against 6 chisel-shaped teeth, which stand obliquely up from the front
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part of the bot om of tho drum. The drum itsolf conBisfcg of 2 Bomi-cylinders

; the

^^tZ ?"V ' ^''''^ ^''^ " ^""on framing, and tho uppor ouo is hinged
to tho under ono behind, but bolted to it before, so as to form a cover or lid-whichmay oe oponod or laid back at ploasuro—in order to examine the caoutchouc from tirno
10 tinie, and take it out when fully kneaded. In tho centre of the lid a funnel is made
iiibt, by wluch the cuttings and shreds of tho India-rubber are introduced, and a
stream ot water is made to trickle in, for washing away tho foul matter often em-
bedded in It. Tho power required to turn the axis of one of tlioso mills—as tho drums
or boxes are called—may bo judged of from the fact, tha£ if it bo only 2 inches in
diameter, it is readily twisted asunder, and that it requires to bo 3 inches to withstand
every strain produced by tho fixed teoth holding tho caoutchouc against tho revolving
arms. Five pounds constitute a charge of the material. Mills vary in size, and charges
range from 7 to 14 lbs.

Ouo of tho most remarkable phenomena of tho kneading operation, is tho prodigious
heat disengaged in the alternate condensation and expansion of tho caoutchouc.
Though the water bo cold as it trickles in, it soon becomes boiling hot, and emits
copious vapours. When no water is admitted, tho temperature rises much higher, so
that the elastic lump, though a bad conductor of heat, cannot bo safely touched with
the hand._ As we shall presently find that caoutchouc suffers no considerable or per-
manent diminution of its volume by tho greatest pressure which can bo applied, we
must ascribe tho heat evolved in the kneading process to the violent intestine move-
ments excited throughout all the particles of the elastic mass.

During the steaming much muddy water runs off through apertures in the bottom
of tho drum. In the course of half an hour's trituration the various pieces become
agglutinated into a soft, elastic, ovoid ball, of a reddish-brown colour. This ball is

now transferred into another similar iron drum, where it is exposed to tho pricking and
kneading action of 3 sets of chisel points, 5 in each set, that project from the revolving
shaft at angles of 120 dog. to each other, and which encounter tho resistance occasioned
by 5 stationary cliisel teeth, standing obliquely upwards from the bottom of the
drum. Here the caoutchouc is kneaded dry along with a little quicklime. It soon
gets very hot

; discharges in steam through the punctures, the water and air which it

had imbibed in the preceding washing operation ; becomes in consequence more com-
pact ; and in about an hour assumes the dark brown colour of stationers' rubber.

During all this timo frequent explosions take place, from the expansion and sudden
extrication of the imprisoned air and steam.

Instead of close boxes and tearing teeth or knives, rollers of iron are now employed

(1858): their forms are corrugated, cut or indented, the pieces of India-rubber are

thrown between, and by heat and pressure are cleansed and incorporated ; streams of

water, warm or cold, regulate these operations at will, of course with large rollers of

metal exposed to air and streams of water. The temperature is now kept so low that

the previous statement may appear exaggerated to those who work with more power

but with less velocity in the modern arrangements. Mr. Hancock, however, says, ' the

heat it acquires is very surprising ; I have found in cutting a heavy charge open, and

closing it upon the bidb of a thermometer, that the temperature reached 280° ;

' this

heat was only due to motion of the machine and friction upon the rubber, as the

materials and the machine were cold at the outset of the experiment.

From the second set of drums the ball is transferred into a third set, whose revolv-

ing shaft being furnished both with flat pressing bars, and parallel sharp chisels, per-

pendicular to it, exercises the twofold operation of pricking and Icneading the mass,

so as to condense the caoutchouc into a homogeneous solid. Seven of the finished

balls, weighing, as above stated, 5 lbs. each, are then introduced into a much larger

iron drum of similar construction, but of greater strength, whose shaft is studded

all round with a formidable array of blunt chisels. Here tho separate balls become

perfectly incorporated into one mass, free fi-om honeycomb cells or pores, and there-

fore fit for being squeezed into a rectangular or cylindrical form in a suitalilo cast-iron

mould, by the action of a screw-press. When condensed to the utmost in this box,

the lid is secured in its place by screw bolts, and the mould is set aside for several

days. It is a curious fact, that Mr. Sievier tried to use this as a moulding force, by

the hydraulic press, without effect, as the cake of caoutchouc after being so condensed,

showed much more resiliancy than after tho compressing action of the screw. The

cake-form generally preferred for the rocomposod, ground, or miUed caoutchouc, is a

rectangular mass, about 18 inches long, 9 inches broad, and 6 inches thick.

This is sliced into cakes for the stationer, and into sheets for making tapes and

threads of caoutchouc, by an ingenious self-acting machine, in which a straight steel

blade, with its edge slanting downwards, is made to vibrate very rapidly to and fro in

a horizontal plane ; while the cake of caoutchouc clamped or embraced at each side

between two strong iron bars, is .slowly advanced against tho blade by screw-work,
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VI. f fT,A Rlifle-rest of a lathe. In cutting caoutchouc by knives of every form,
like that « f the i^iadoor the incision be constantly moistened with water;

? T^t tie toil would immediately stick fast. As the above straight vibrating
for othorvnse tiie tool wou^^^^

^^^^ ^^.^^ ^^^^ spontaneously turns up

^""^SiadSo^^^^^ it is <i°t-<=li^d bottom mass of the cake. The

EkS sS ^ieSrwards cut by hand, with a wetted km e into small parallel-

Sdsfor the stationer, the sections being gmded rectangularly by saw lines m a

^
frJ-mfi Slices may be cut off to almost any desired degree of thickness, by

wooden Jrame. biices ^ mechanism that acts against a board which supports

rSotterof ht^2^^ by an aUquot par! of an inch, the cutting blade

wIluTed to vibrate always in the same horizontal plane These thin slices con-

Se what i^called sheet caoutchouc, and they serve tolerably for making tubes for

^neulTic apparatus, and sheaths of every kind; since, if their two edges be cut

lil^Z J^llo^r. cissors, they may be made to coalesce, by gentle pressure, so in-

tiSy^thatthe line of junction cannot be discovered either by the eye. or by inflation

°'^h^;rdetf'r^rS^^^^^^ cuttings, shreds, and coarse lumps of caoutchouc into

a homogeneous elastic cake, specified by Mr. Nickels, for his patent,
^^^J'^'i OfP^^^^d

me, is not essentially different from that above described Th«
^y^^^^^^f

are more capacious, are open at the sides like a cage, and do not require the washing

apparatus as the c'aoutehouc has been cleansed by pre^ous
l-y^'^f^^^^^^^^l^Zf^^

He completes the kneading operation, in this open cyhnder withm the space of about

S^o ho^s, and afterwards squeezes the large ball so formed into the cheese-form m a

mould subjected to the action of an hydraulic press As he succeeds perfectly m
making compact cakes in this way, his caoutchouc must differ somewhatm its physical

constitution from that recomposed by Mr. Sievier's process. He uses a press of the

newer of 70 tons; such pressure, however, must not be applied suddenly, but pro-

eressivelv, at intervals of two or three minutes between each stroke ;
and when the

pressing is complete, the caoutohoucis allowed to remain under pressure till it is cold,

when he thrusts it out of the mould entirely, or, placing his mould in the slide-rest

mechanism, he gradually raises the caoutchouc out of it, while the vibrating kmie

cuts it into slices in the manner already described. The elegant machine by which these

sheets are now so easily and accurately sliced, was originaUy contrived and constructed

by Mr. Beale, engineer, Church-lane, Whitechapel.

n. EiiATtTEE OF Caoutchouc foe Making Eiastic Pabeics

The following particulars may be deemed as belonging to the history of the manu-

facture of threads of native rubber,—the cured, or vulcanised, or mineralised rubber

having quite superseded the modes of preparing threads from native bottle caoutchouc.

Messrs. Eattier and Guibal mounted in their factory at St. Deny's, Dr. Ure says, in

the year 1826 or 1827, a machine for cutting a disc of caoutchouc into a continuous

fillet spirally, from its circumference towards its centre. This flat disc was made by

pressing the bottom part of a bottle of India-rubber in an iron mould. A machine

on the same principle was made the subject of a patent by Mr. Joshua Proctor West-

head, of Manchester, in Eebruary 1846; and, being constructed with the well-known

precision of Manchester workmanship, it has been found to act perfectly well
.
in

cutting a disc of caoutchouc, from the circumference towards the centre spirally, into

one continuous length of tape. Forthe service of this machine, the bottom of a bottle

of India-rubber of good quality being selected, is cut off and flattened by heat and

pressure into nearly a round cake of uniform thickness. The cake is made fast at its

centre by a screw nut and washer to the end of a horizontal shaft, which may be made

to revolve with any desired velocity by means of appropriate pullies and bands, at the

same time that the edge of the disc of caoutchouc is acted on by a circular knife of

cast steel, made to revolve 3,000 times per minute, in a plane at right angles to that

of the disc, and to advance upon its axis progressively, so as to pare off a continuous

uniform tape or fillet from the circumference of the cake. During this cutting opera-

tion, the knife and caoutehouc are kept constantly moist with a slender stream of

water. A succession of threads of any desired fineness is afterwards cut out of this

fillet, by drawing it in a moist state through a guide slit, against the sharp edge of a

revolving steel disc. This operation is dexterously performed by the hands of young

girls. MM. Kattier and Guibal employed, at the above-mentioned period, a mechanism

consisting of a series of circular steel knives, fixed parallel to each other at minute

distances, regulated by interposed washers upon a revolving shaft; which series of

knives acted against another similar series, placed upon a parallel adjoining shaft,
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with tho offocfc of cutting the tapo throughout its length into eiglit or moro threads at
onco. An improved modification of that apparatus is deBcribed and figured in tho
specification of Mr. Nickols's patent of October 1836. Ho employed it for cutting into
tliroads tho tapes made from the reconiposod caoutchouc.
The body of the bottle of India-rubber, and in general any hollow cylinder of

caoutchouc, is cut into tapes, by being first forced upon a mandril of soft wood of such
dimensions as to keep it entirely distended. This mandril is then secured to the shaft
of a lathe, which has one end formed into a fine-threaded screw, that works in a fixed
nut, so as to traverse from right to left by its rotation. A circular disc of steel, kept
moist, revolves upon a shaft parallel to the preceding, at such a distance from it as to
cut through tho caoutchouc, so that, by the traverse movement of the mandril shaft,
the hollow cylinder is cut spirally into a continuous fillet of a breadth equal to the
thickness of tho side of the cylinder. Mr. Nickels has described two methods of
forming hollow cylinders of recomposed caoutchouc, for the purpose of being cut into
fillets by such a machine.

It is probable that the threads formed from the best India-rubber bottles, as im-
ported from Para, are considerably stronger than those made from recomposed
caoutchouc, and therefore much better adapted for making Mr. Sievier's patent elastic

cordage. "When, however, the kneading operation has been skilfully performed,
it is found that threads of the ground caoutchouc, as it is incorrectly called by the
workmen, answer as well for any ordinary purpose of elastic fabrics, and are, of course,

greatly more economical, from the much lower price of the material.

Tho following figs. 404, 406, 406, represent the machine for cutting tho spiral

riband. The disc d, placed horizontally, turns round its vertical axis, so as to present

ts periphery to the edge of a knife c, formed like a circular blade, whose plane is

405

perpendicular to that of the bases of the disc. It is obvious, that if the disc alone

revolved, the motionless knife could act only by pressure, and would meet with an

enormous resistance. A third movement becomes necessary. In proportion as the

disc is diminished by the removal of the spiral band, the centre of this disc must

advance upon the knife in order that the riband may have always the same breadth.

The inspection of fig. 406, will make the accordance of the three motions intelligible.

The knife c is placed upon a shaft or axis A, which carries a pulley, round which a

belt or cord runs which drives the whole machine.

The shelf a bears a pinion p, which takes into a wheel e, placed upon a shaft a'
;

upon which there is cut a worm or endless screw, v v. This worm bears a nut e,

which advances as the screw turns, and carries with it a tie i, which in its turn pushes

the disc d, carried upon a shoulder, constantly towards the knife. This shoulder is

guided by two ears which slide in two grooves cut in the thickness of the table. The

diameter of the pinion f is about one fifth of that of the wheel e ;
so that the arbour

a turns five times less quickly than the arbour a' ; and the fineness of the screw v

contributes further to slacken the movement of translation of the disc.

The rotatory movement of the disc and its shoulder, is given by an endless screw

yf w which governs a pinion p, provided with ton teeth, and carried by the shaft a,

upon which the shoulder is mounted. The arbour a' of this endless screw receives

its motion from the first shaft A, by means of the wheels s and s' mounted upon these

shafts and of an intermediate wheel s". This wheel, of a diameter equal to that of

the shaft A", is intended merely to allow this shaft to recede from the shaft a. The

diameter of the wheel of this last shaft is to that of the two others in the ratio of

10 to 8.
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between "^^kS^^^ -^ich xn\y bo wied and two eztreme
washers

^^^^PjJ^^'^th gcrews on each roller maintain the whole system.
_

The axes of

washers mounted ^th
furnished with brasses, and with adjusting

SstlpproSe themTfleasure.' The axis of the lower roller carries a wheel

r, which takes into another smaller wheel r', p aced upon
^^^^^^^^^/Jf ^^^^^^^^^

P which is driven by a cord. The diameter of the wheel r is three t^es^eater than

the wheel r'. The puUey p is twice the size of the wheel r ;
and its cord passes round

a drum B, which drives the rest of the machine.
. . , , „-ui;„,,pW rr^fh

Threads of caoutchouc are readily pieced by paring the

scissors, and then pressing them together with clean fingers, ta^ng care to admit no

"or moisturelithin1,he junction-line.. These threads must deprive^^^^^^^

Elasticity before they can be made subservient to any torsile o^^^^^^/ .^J^.™
Each tLad is inelasticated individually in the act of reehng, by the tento b^^^

girl pressing it between the moist thumb and finger so as ^tretehj: tojt
^^^^^^

Sght times its natural length, while it is drawn rapidly ^l^rongh between thern by th^

rotation of the power-driven wheel. This extension is ^cco^Pf^^^-l,^*
S/d^ul^n

of the caoutchouc, and with very considerable disengagement of heat, as PO "^d out in

Nicholson's Journal upwards of 35 years ago, by Mr. Gough, the blind philosopher of

Kendal. To stretch the thread, in the act of reeling, the sensation of heat is too

painful for unseasoned fingers. The reels, after being completely filled with the

thread, are laid aside for some days, more or fewer, according to the quality ot tho

caoutchouc, the recomposed requiring a longer period than the bottle mateml

When thus rendered inelastic, it is wound off upon bobbins of various sizes, adapted

to various sizes of braiding, or other machines, where it is to be clothed with cotton or

In thT process of making the elastic tissues, the threads of caoutchouc being fijst

of all deprived of their elasticity, are prepared for receiving a sheath upon the

braiding machine. Por this purpose they are stretched by hand, m the act ot wind-

ing upon the reel, to 7 or 8 times their natural length, and left two or three weeks in

that state of tension upon the reels. Thread thus inelasticated has a specific gravity

of no less than 0-948732 ; but when it has its elasticity restored, and its length reduced

to its pristine state, by rubbing between the warm palms of the hands, the specific

gravity of the same piece of thread is reduced to 0-925939. This phenomenon is akin

to that exhibited in the process of wire-drawing, where the iron or brass gets condensed,

hard, and brittle, while it disengages .much heat ; which the caoutchouc thread also

does in a degree intolerable to unpractised fingers.

For the solution of India-rubber, for the manufacture of elastic tissues, the follow-

ing has been strongly recommended :

—

The raw India-rubber is soaked in clear water, and boiled for about an hour, to

remove dirt. It is then taken out of the water and cut into round slices about one

centim. in thickness. It is then rolled out into layers about 2 mtoes long and 0-15

mfetre broad. The mbboris then dried in a warm chamber. After the drying follows

the solution. About 26 kilos of rolled caoutchouc are placed in a wooden vat, lined

with zinc, and treated with a mixture of 50 kilos benzol, and 70 kilos oil of turpentine.

Both those liquids must be perfectly free from fatty matters, or the solution of India-

rubber will bo useless. The caoutchouc, before being brought into contact with the

solvents, is torn up into small fragments. The mass is stirred occasionally,.till it forms

a thick, homogeneous liquid. To test the benzol and turpentine, small portions of each

are evaporated to dryness in the water-bath. If any trace of fat remains, the sampla

is at once rejected.
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In tho manufacture of elastic fabrics, the riband looms at HoUoway displayed to
great advantage tho mechanical genius of tho patentee, Mr. Sievior. Their produc-
tive powers may bo inferred from tho following statement:—'5,000 yards of 1-inch
braces aro woven weekly in one 18-riband loom, whereby the female operative, who
has nothing to do but watch its automatic movements, earns 10s. a-woek: 3,000 yards
of 2-inch braces are woven upon a similar loom in tho same time.' But one of
Mr. Sievier's most curious patent inventions is that of producing, by tiie shrinking of

the caoutchouc threads in the foundation or warp of tho stuff, tho appearance of raised

figures, closely resembling coach-laco, in tho weft. Thus, by a simple physical operation,

there is produced, at an expense of one penny, an effect which could not be effected by
mechanical means for less than one shilling. This manufacture is not now carried on

in that locality,

III. Of the Water-phoof Double Fabeics.

In 1837, Mr. Hancock obtained a patent to produce waterproof cloth with greatly

reduced quantities of dissolved caoutchouc, and in some cases without any solvent at

all. The masticated rubber, rolled into shoots, was moistened on both sides with

a solvent and rolled up. Tho following day these were submitted to rollers of different

speeds, and the whole became a plastic mass. Instead of a wooden plank, as the bed

of the machine, a revolving iron cylinder was used, kept hot by steam or wator, and

the coated cloth passed over flat iron chambers, heated the same way, to evaporate

the small quantity of solvent. Masticated rubber has been spread without any solvent

by these machines ; but the spreading is best effected by tho rubber being in some

degree softened by the addition of small quantities of the solvent.

Sheets of rubber havo been prepared by saturating the cloth with gum, starch, glue,

&c., then rubber dough was placed on this smoothed surface; sufficient coatings of

the rubber were spread to make up the desired thickness, the cloth was immersed in

warm water to dissolve the gum, when the sheet of rubber came off with ease, and the

plastic, or dough state, was the precursor of vulcanisation experiments and success.

The clamminess of caoutchouc is removed by Mr. Hancock in the following manner:

10 lbs. of it are rolled out into tliin sheets between iron cylinders, and at the same

time 20 lbs. of French-chalk (silicate of magnesia) are sifted on and incorporated

with it, by means of the usual kneading apparatus. When very_ thin films are

required (like sheets of paper), the caoutchouc, made plastic with a little naphtha, is

spread upon cloth previously saturated with size, and when dry is stripped off.

Mixtures of caoutchouc so softened may be made with asphalt, with pigments of various

kinds, and with plumbago, sulphur, &c.
. „ , ,

The first form of bags or pillows, or ordinary air-cushions, is well known, and was

manufactured by C. Macintosh and Co. as early as 1825 and 1826 ; when pressure

is applied they yield for the instant to the compressing body, and then become rigid,

and tho whole strain is borne by the inelastic material of the bag. Mr. T. Hancock

once tried an ordinary pillow between boards in a hydraulic press, and he records

that it bore a pressure of 7 tons before it burst. To remedy the evils of this

form an ingenious arrangement was made of inserting slips of India-rubber into

tho fabric, so that it expanded in every direction. This yielding of tho case, and

division into strengthened partitions, enabled seats, beds, and other appbcations to

^^S^gas-bags now so commonly used appear, by Mr. Hancock's statement, to have

been made fov experimental purposes in the year 1826; and m May 1826^_at the

suggestion and for the use of Lieut. Drummond, to be employed in the Trigono-

meteical Survey of these islands, with the oxy-hydrogen jets of gas on balls of bme

They were made strong and of rough materials-fustian made air-proof with thin

sheet rubber. Mr. Hancock, to try whether the rubber was absolutely imperyous to

water, had a bag made and weighed it from time to time during 30 years
;
the decrease

of weight is shown :—
^^^j,^

Oct. 21, 1826 weight 114
Oct. 25, 1827

Oct. 2, 1835

Nov. 1844

Oct. 1849

Feb. 1851

May 1854 „ , . , .

In 1856 it was cut open and weighed

1 1 2

10 0

0 14 12

0 13 4

0 7 8

0 3 14

0 3 12

It was quite Ary. Thus 1 2 oz. of water had evaporated or escaped in a quarter of a

centuxyTand 13 oz. 8 cb. in 30 years of observation.
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ol dry cao^tcao u
^^^^ ^^^^^^^ hower, found

iz':nt:.s:i^^i::i^^^^^^^ active. in
i^-^-^^So/i^h s?^^^^^^^^^^

gas flows there is al^vays some escape of ^^y/^ogf ^^^If li^e '™vers
To enumerate the appHcations of these double fabrics for cushions, lile-preservers,

&e beds and boats, Tvould be out of place here.
^,„„„„„ tT,a

For single-textur'e fabrics, or cloth ^th one side ^^^^ F^Pff ^^^^^^^^^
sameasthatdescribedfordouble fabrics, only that f%«i<i« "^^^^^^ P^^f

't' advanSee
Tdth India-rubber solution or paste ;

and this kind of ?^^te^P^°"fJi^?,,^° ^^^^^^^^

over the old, that the surface worn outside, being non-absorbent,_

and require no drying after rain or wear. The objection fo
^^^gl^-te^ture

^^^^

of being liable to decomposition by the heat of the sun and from '^los;^^^^^^^^

been obviated by a discovery adopted by Messrs. Warne and ^o., termed b^^^^^

the Sincalor process {sine calore, without heat)
;
by which the P^^fdecolosfJhe

are so changed that heat, grease, naphtha, and perspiration, which decompose the

ordinary India-rubber waterproof, in no W affect the waterproof good« of the

' Sincalor
'
process. The singular changes effected by this process are espemlly

shown by the application of a hot iron to the surface, which destroys it ^thout the

usual decompositions ; the substance is burnt, but is not rendered sticky. The process

is stated to be secret.

IV. Vth-canisation.

Of all the changes effected by chance, observation, or chenucal experiments of late

years, few cases have been so important as the change m India-rubber by the process

called Vulcanisation. The union of sulphur with caoutchouc gives new properties

so valuable, that it may be said the former well-known quality of elasticity is now

rendered so variable that almost every range, from the niost delicate tenuity to the

hardness of metals, can be obtained at will by the manufacturer. These changes m
the caoutchouc are produced with a degree of permanence to defy air, water, saime

and acid solutions ; the material is incapable of being corroded, and more permanent

under harsh usage than any other set of bodies in the world. Such are the results of

the processes that induce a 'change' in caoutchouc when sulphur and heat are em-

ployed; where metals and minerals are employed, 'metallised and mineralised,

' thionised,' and a number of other terms have been used.

men caoutchouc is mixed with from 2 to 1 0 per cent, of sulphur, and then heated to

270° and 300°, it undergoes a change, it acquires new characters, its elasticity is

greatly increased, and is more equable ; it is not affected nor is the substance altered

by cold, no climate effects a change, heat scarcely affects it, and when it does it does

not become sticky and a viscid mass ; if it yields to a high temperature it is to

become harder, and will ultimately yield only at the advanced temperature to char

and to decompose. All the ordinary solvents are ineffectual. The oils, grea.se, ether,

turpentine, naphtha, and other solvents scarcely alter it, and the quantity of sulphur

that will effect the change is known not to exceed 1 or 2 per cent.
_

Further, if pecu-

liar solvents, such as alkalies, remove all apparent sulphur from it, still the change

remains ; indeed, the analogy of steel to iron by the changes of condition effected by

some small quantities of other bodies seems to be an analogous condition. Whatever

the theory, which is exceedingly obscure, still the practice, by whatever name, is to

obtain this changed state and exalted elastic properties.
, •

'Vulcanisation' was discovered in America. Mr. Goodyear relates, that having

made a contract for India-rubber mail bags, they softened and decomposed in service,

and while he thought a permanent article had been made, the colouring materials

and the heat, united to soften and to destroy the bags ; hence, by this failure, dis-

tress of all kinds arose, and the trade was at an end. During one of the calls at the

place of abandoned manufacture, Mr. Goodyear tried a few simple experiments to

ascertain the effect of heat upon the composition that had destroyed tho_ mail-bags,

and carelessly bringing a piece in contact with a hot stove, it charred like leather.

He called the attention of his brother, as well as other individuals who we present,

and who were acquainted with the manufacture of gum elastic, to the fact, as it was

remarkable, and unlike any before known, since gum elastic always melted when

exposed to a high degree of heat. The occurrence did not at the time appear to tiem
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to bo -worthy of much notice. He soon made other trialfl, the India-rubber alwayscharrmg and hardening.
As ordinary India-rubber is always tending to adhere, many plans had been tried

to prevent this. ChaUt, magnesia, and sulphur had been patented in England and
America, but no one seems to have supposed any other change would bo produced by
iieat. Mr. Goodyear proceeded to try experiments, and produced remarkable result* •

samples of goods were shown about and sent to Europe.
Iho late Mr. Brockedon, so well known for his talents and love of scientific inves-

tigations, had long pursued means to obtain a substitute for corks, and, after much
ingenuity, had devised India-rubber stoppers. As soon as all mechanical difficulties
were over, objections were taken to the colour of the substance. Some samples of a
changed rubber came into his possession, of which it was declared they would keep
flexible in the cold, and were found not to have an adhesive surface. These caused
numerous experiments, as it was recognised that a change had been effected, and
although Mr. Brockedon failed, yet Mr. Hancock kept on working, combining sulphur,
with every effect, but that of vulcanisation, as he was ignorant of the power of heat to
effect this change. He used melted sulphur, and produced proof of absorption, for
the pieces of caoutchouc were made yellow throughout

;
by elevating the temperature

he found they became changed, the lower end of slips 'nearest the lire turning
black, and becoming hard and horny' (the sulphur was melted in an iron pot).
By these simple observations, as they now seem, Mr. Goodyear in America and Mr.
Hancock in England were induced to take out patents, and commence that series of
manufacturing applications to which there seemed no limit. The first English patent
was by Mr. Hancock. The general method is to incorporate sulphur with caoutchouc,
and submit it to heat ; if any particular form is required, the mixture is placed in
moulds, and takes off any delicate design that may be upon the metal mould,
and if these are submitted to higher degrees of heat, the substance and evolved gases
expand, and thus a very hard, horny, or light but very strong substance is produced,
called hard India-rubber, or 'vulcanite.' Mouldings, gun-stocks, combs, cabinet-
work, and hundreds of forms may be obtained by these curious means. The term
' vulcanisation ' was given by Mr. Brockedon to this process, which seemed by the em-
ployment of heat and sulphur to partake of the attributes of the Vulcan of mythology.
For the ' change ' or ' vulcanising ' to get a yielding but permanently elastic substance,

steam heat is usually employed in England, but in America, ovens, with various plans

for producing dry heat, are generally employed.

The articles thus made being more elastic, unaffected by heat, cold, or solvents,

attracted much attention, and Mr. Parkes was engaged to find out a method of pro-

ducing the same effects now secured by patent : all ordinary means were used and
given up, but he finally succeeded. The process of cold sulphuring of Mr. Parkes

consists in plunging the sheets or tubes of caoutchouc into a mixture of 1 00 parts of

sulphuret of carbon and 2^ parts of protochloride of sulphur, for a minute or two, and
then immersing them in cold water. Thus supersulphuration is prevented in conse-

quence of decomposing the chloride of sulphur on the surface by this immersion,

while the rest of the sulphur passes into the interior by absorption. Mr. Parkes pre-

scribes another, and perhaps a preferable process, which consists in immersing the

caoutchouc in a closed vessel for 3 hours, containing a solution of polysulphuret of

potassium indicating a density of 26° Beaum6, at the temperature of 248° Fahr., then

washing in an alkaline solution, and lastly in pure water. A uniform impregnation

is thus obtained.

In the first instance sulphur, caoutchouc, and heat were alone employed ; the tem-

perature and the time to which the mixtures are subjected to heat being determined

by practical experiments. Vulcanised rubber is not only the changed substance,

as produced by sulphur, but it contains metallic oxides, &c., metallic and mineral

substances ; and these compounds, are perhaps much better fitted for their respec-

tive uses than the pure sulphur and India-rubber. "White lead, sulphide of

antimony, black lead, and other substances enter into these combinations. After

the early experiments with vulcanised rubber there seemed reason to believe

that changes slowly took place. The rubber was found to become brittle, and

bands stretched out broke immediately. To a great extent this has been remedied by

the use of lead, which seems to combine with the sulphur, for changes are believed by

practical men to take place with pure elastic vulcanised caoutchouc which do not

occur when metallic matters are duly mixed. This is a trade statement, which may

be true for some special uses. The brittleness may perhaps more fau-ly be admitted

to be due to inexperience, and the difficulties to meet the demands of the public for a

new article ; but to those whom it may most concern, wo have raised this question so

far as to obtain the conscientious opinion of Mi-. Thomas Hancock (now retired from

business), who considers that by the peculiar plan of vulcanising by a bath of sulphur,
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r.ir»A°»^^^ ol,Ui»3d a.d tut thj,

by
•gl.ltl in proportion as other matters are present m the compound.

Trna^ 1 otr'be useM to'record some of the results of early trials made by com-

f ^T'n Zorities with the view of testing its ultimate employments. Mr. Brocke-

ff sjS aft'eM^^ Civil Engineers that he had kept vulcanxsed Incha-

ier in tranquil water for 14 years without visible chiinge, and he smmned up the

Sen knoVedge of trade production, that there was perhaps no manufacturmg process

of whkhThe Rationale was so little understood as that of vulcamsmg caoutchouc
;

all

^as Sucted on the observation of facts, a given quantity of sulphur to a certain

Sc4ess of rubber, at a certain temperature ; and certain results were reckoned upon

Srconfidence, but more from practice than f^ojj .^-,^'''l'^Z
^

vulcanised rubber for 10 years in damp earth, and it exhibited no change.^

WherarSs were moulded, the metal of the mould was not a matter of indifference

;

if^tin,th article was usually delivered perfectly clean, but if 1^^?^^ °fXffi
Sien the material adhered to it, probably from the greater affinity of the sulphur for

the metal than for the caoutchouc: these surface effects may well be borne m m nd

for it appears not to be an easy matter to vulcanise large masses of caoutchouc, while

sheets and thin fihns are readily changed. The soft masses of materials are placed m
moulds, strongly secured, if a high temperature is to be used, and the mass comes out

with the form thus given to it, and more or less elastic ; hence the surface of a mass is

always likely to be advanced in the vulcanising changes.
.

At present a very laige proportion of the articles made have the forms given to

them in the plastic state, and then subjected to heat ; the change is effected, and they

retain their form, although rendered permanently elastic.

Mr Brockedon and Mr. Brunei tried this substance on the Great Western Kailway,

in place of .felt, to be used between the under sides of bearing rails and sleepers o±

railways. It appeared, by constant trials of nearly a year, to be quite indestructible to

any action to which it had been exposed; the sUps were mdented by the edge ot the

rail, but not permanently so, and the surface was glazed, as if by friction ;
the slips

were 6 inches wide, and weighed 8 oz. to the yard in length : the transit of the carriages

was easier over that part of the line.

To test the power of endurance to heavy blows, Mr. Brockedon subjected a piece

of vulcanised India-rubber, li inch thick and 2 inches in area, to one of Nasmyths

steam-hammers of 5 tons ; this first rested on the rubber without effect, then was lifted

2 feet and dropped upon it without injury, then lifted 4 feet, and the vulcanised cake

was torn, but its elasticity was not destroyed. Still more severe trials were made :
a

block of vulcanised caoutchouc was placed as between cannon balls, with the whole

power of the heaviest steam-hammers employed, but the iron spheres split the block,

and the elasticity of the vulcanised caoutchouc was not destroyed.

Sheets of enormous size—ship-sheets—have been made 50 yards long and 66 inches

wide, others 10 feet square; these are intended to pass over a steam-vessel's side,_to

adapt a valve, fix a pipe, or repair, from the interior, the vessel itself, without going

into dock. These stout sheets, fths inch thick, are let down by ropes over a ship's,

side, and brought over the hole or place for repair by the pressure of the water on

the elastic sheet, when the leak may be stopped and the ship pumped dry, pipes renewed,

shot-holes and leaks stopped. Indeed, an early application of compounds of native

rubbers and other materials was applied directly as sheathing for ships with success ;

but litigation among the parties caused the business to cease. Since the various plans

for getting a flexible material have been successful, there seems no doubt but many
unexpected applications will be made.

Messrs. Macintosh had coated some logs of wood with vulcanised India-rubber,

and caused them to be towed in the wake of a vessel all the way to Demerara and

back, and it was found, that the coated logs were quite intact, while the uncoated

timber was riddled by marine borers. The same firm stated: 'That the only effect

they could trace upon long immersed vulcanised caoutchouc, was a slight change of

colour, perhaps a hydrate produced by superficial absorption, but this change of

colour disappeared on being dried. If they were called upon to select a situation for

the substance to retain its properties for the longest period, they would select immer-

sion in water. After years of experience in the use of hose-pipes, pipe-joints, valves

for pumps and steam-engineS) they had never known an injury from the contact of

any kind of water.'

Mr. Goodyear sums up the advantages of vulcanised rubber under the following

heads, as being either properties new or superior to those possessed by the natural

caoutchouc :

—

Vol. I. Z Z
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1. Elasticity.

2. Pliability.

3. Durability.

4. Insolubility.

6. Unaltorability by climate or arti-
ficial heat or cold.

6. Inadliesiveness.

7. Impermeability to air, gases, and
liquids.

8. Plasticity.

9. Facility of receiving every style of

printing.

10. Facility of being ornamented by
painting, bronzing, gilding, ja-

panning, and mixing with colours.

11. Non-electric quality.

12. Odour.

Mr. Burke, in describing his patented process, for the use of the golden sulphuret
ot antimony, says, that ho avoids two principal defects of the usual article, viz. it«
efflorescence of sulphur with an offensive odour, and its consequent decomposition
and becoming rotten. Ho employs crude antimony ore (the sulphuret of that
metal, in fine powder), and converts it by boiling in water with soda or potash (carbo-
nates) into the orange sulphuret of that metal (Kermes mineral) by the addition of
hydi-ochloric acid to the fluid in slight excess. He combines this compound (after
being well washed) with caoutchouc or gutta-percha, either together or separately,
according to the degree of elasticity which ho wishes to obtain. This mixture is

afterwards subjected to a heat of from 250° to 280° F. He masticates the caout-
chouc in the usual iron box, by means of the kneading fluted revolving rollers, sub-
jecting the whole to heat. The antimonial compound is then added in quantities
varying from 5 to 16 lbs., according to the strength and elasticity required in the
compound. At the end of from one to two hours' trituration, the block is removed
from the box,^ and while in a warm state it is strongly compressed in an iron mould

;

and after being under pressure for a day or two is subjected to a steam heat for a
couple of hours. The block thus prepared may now be cut into sheets, and afterwards
divided into threads, or formed into such other articles as are desired. This forms
the elastic red rubber.
The chief improvements operated in caoutchouc by the process of vulcanisation are

the properties of resisting and remaining unaffected by very high degrees of heat and
cold, and increased compressibility and elasticity. In its natural state India-
rubber becomes rigid by exposure to cold, and soft and plastic by heat, or under the
action of boiling water. Articles manufactured of this substance suffer and lose the
qualities which constitute their value in cold and in hot countries. A piece of India-
rubber cloth, for instance, taken to Moscow in December or January, would assume
all the qualities of apiece of thin sheet iron, or thick pasteboard; the same cloth
would in India or Syria become uncomfortably pliable, and present a moist and greasy
appearance

;
and, indeed, after being folded up some time, would be found to be glued

together. Nothing but vulcanisation insures the equable condition of the articles in
the most intense cold, and, in heat up to and above 300°, makes India-rubber fit for

practical purposes. These advantages have conduced to its being very extensively used
in connection with machinery of every description ; and as steam power is still further
employed, and as the numerous other advantages possessed by vulcanised India-rubber
become known (for it is only of late that any idea of their extent has been realised)

its application will be extended and its consumption proportionally increased.

The compressibility and the return to its former dimensions, when the pressure has
ceased, in one word, the elasticity of the India-rubber, is increased to such a degree

by vulcanisation, that comparing the improved with the original article, it may be
said that the native India-rubber is almost devoid of elasticity. The high degree of

elasticity which it obtains by vulcanisation is shown by the results of the following

experiments, in which a block of the vulcanised India-rubber, of the kind iiscd for

the manufacture of railway carriage springs, measuring 6 inches outside disc, 1 inch

inside disc, and 6 inches deep, was taken and exposed to pressure :

—

A pressure of i ton reduced it to

1 j» ))

1^ )> J)

2 )) 1)

^ )> II

3

4 3, )>

6^ deep.

3^
3i

The block was left under pressure for 48 hours, and in each case returned to its

original dimensions after a short period when the pressure was removed.

Among the most recent uses of India-rubber and canvas, are those of its manu-

facture into gas and ballast bags, the former are used for the transport of gas, and
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now m general
/f^^

J™
;
this, where

gas can
^^^^^Sfhll effeTec^^^^^ desideratum! Ballast bags, large stont

any alterations axe being ettecteci, is a gr
1 to 5 or 10 tons of water,

bags of
.1-^^-;^^^^^^ rsT^SSS^foim of faUast, thus saving valuable space

are coming into use
i^^es maybe emptied at anytime, and when

^hich is made
f^^^jj/fj^^fJf"-^J^^^^^^^^ away India-rubber bags for

fnttLn htra^soin^^^^^^^^^^^^^
°' for buoying'up vessels, but hitherto

I^ptcSas"rex^^^^^^ only, and such floating machines are not as yet

^'S^lcanisLof India-rubber on silk or wooUen goods was for a longtime considered

odour of any kind.

v. Mechanical Applications of CAouTCHOtrc.

Numerous important applications of caoutchouc have been made in the mechanic^^^

arts^one which we may mention, springs for railways and common road carriages,

S5Cc™5s, nfting' springs fo? mfning ropes and ^l^f ^^^^^^^^^^^^
cables rigging of ships, recoil of guns on ships, the tyres and naves of railway ana

Ser whfelsf axles ^and axle bearings, windows of ^-il^,-y/™g^^' .^^^^^^
Sches, bed of steam-hammer. Couplings for locomotives and tenders, packing for

Steam akd water joints, shields for axle boxes, sockets for water Vy92^^^^l^^
driving machinery; valves for pumps, tubes for conveying acids, beer, water, and other

fluids, mcking for pistons, &c. ^ j- „_

The Exhibition of 1862 presented to us an enormous display of India-rubber

manufacture. The applications of caoutchouc to driving belts for machmery, to

washers and buflers, were numerous, and many of them exceUent.
, „ ,

Messrs. Perreaux and Co. were exhibitors of a valve for punips made of vulcan sed

caoutchouc. Its simplicity and efiiciency were remarkable : the valve was sunp y a

cvlinder of India-rubber, with its two sides at the uttermost end pressed together like

hps, and then viilcanised, which makes the material retain the form given to it. iins

valve, when in position, was open below, and closed above in the form of a wedge
;
the

fluid easily passes upwards owing to the elasticity of the material, but the down-^^arcl

pressure firmly closes the lips and prevents return. Of ebonite and kamptulicon

there were many examples, embracing a curious variety of articles from philosophical

apparatus in the form of electrical machines, to pieces of furniture, and ornaments

for ladies' wear. See Ebonite and Kajiptitlicon.

Springs—The first proposal to use caoutchouc for springs that we are aware

of occurs in Lace^s patent, in 1825, when blocks of caoutchouc were proposed

to be used, having dividing plates of iron between each series ; but little seems to

have been done towards any practical application at that time : later, m 1844, Melmlle

proposed to use spheres of caoutchouc, enclosing ah-, and separated by discs of

wood or metal, the whole being enclosed in iron cases, and used for buflers and

bearing springs for railway carriages. In 1845 Walker and Mills proposed to use

bags of caoutchouc enclosing air, and contained in cases of iron, for use as butter

^^ThTnext improvement is contained in Fuller's patent of 1845, which consists in the

use of cylindrical rings of vulcanised India-rubber, in thicluiesses varying from i to

3 inches, and with diameter of ring suitable to the power of spring required ;
between

each of these cylindrical rings he places a thin iron plate, through a hole in the

centre of which passes a guide rod. Fig. 409 shows EuUer's spnng m section and plan.

These springs have been extensively used as buffer-, bearing-, and draw-springs for railway

uses, alone and in combination with De Bergue's improvements : some defects have been

found in practice in this form, to obviate which, the ingenuity of later inventors has

been exercised ; the defects alluded to arc, the tendency to swell out at the central

unsupported part of the ring, thus from the undue tension rendering ib liable to break

z z 2
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whtro noSealdn
g^^^^^^^^"' occasioning complete disintogi-ation of the material

• To obviate these defects, George Spencer (in 1852 and 1853) proposed to mould
the caoutchouc at once in the form it assumes under pressure, and then to place a
confining ring of iron on the larger diameter. {See Jig. 410). By this ingenious plan,
the caoutchouc loses its power of stretching laterally, being held by the ring 6, secured
in a groove moulded in the cone to receive it ; when the pressure is applied to the ends,
the rubber is squeezed into the cuplike spaces c, and thus the action of the spring is
limited._ By this plan, rubber of a cheaper and denser kind can be used than on the
old cylindrical plan, and the patentee states that many thousands of carriages and
trucks are fitted with these springs which give entire satisfaction

; among which, are
those on the Brighton, South-Western, North London, South Wales, Vale of Neath,
Bristol and Exeter, TaffVale, Lancashire and Yorkshire, St. Helen's, Bombay and
Baroda, Theiss Kailways, and many others. These cones are used as buffer-, bearing-
and draw-springs for railway carriages, and are made in several sizes to suit various

uses. To show the power that such springs are equal to, we append the result of an
experiment on a No. 1 cone (for inside buffers), 3 inches in length, 3| inches diameter
at ring, 6 inches diameter of ring.

1st Experwtent, without the confining ring, weight of cone 1^ lb.

Giving a stroke of

Without any pressiu-e the couc measured
With pressiire—280 lbs.

—448 lbs.

—672 lbs.

Inches

3

2

H

i inch.

2nd Experiment.

With the confining ring b, on the same double cone; tlie following were the

Jesuits :

—

Without any pressure the cone measured
With—448 lbs.

„ 1,680 lbs. „

„ 2,912 lbs. „

„ 15,680 lbs. „

3 inches, as before.

2^ „
2 „

If
li ,.
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The advantages are stated to be. less first cost than steel ;
less weight. 6 cwt. bemg

J^tdtticarriagebytl^ ^^^^^ ,,,,,,1

JS::1>S^ZT^S^s. They aroused as bearmg-springs

fn. «,,cnnes and tenders on the North-Western Kailway. by J. E. M'Connell. Esq., ^ho

?;XrSm to Steel as being easy in action, durable, safe, and easy of repau.
;
they

^e used also as buffer- and draw-springs.
_

TliP Tifixt- form of these springs is the invention of E. Mton (.see Jig.
f}^)- -^"^f

sprang seemfto be peculiar^ adapted to use where a powerful spring, acting through

a small space, and taking little room, is requu-ed as for use m mining ropes and chains,

Ic Eaton's main idea is the use of laminae of India^-ubber. of a maximum thiclniess

of 1 an inch, with dividing plates, as in Lacey-s and EuUer s which avoids the objec-

tions stated above, by supporting the India-rubber at smaller intervals
;
for springs,

where great power is wanted in little compass, and to act through short distances,—

as in engine bearing-springs, lifting-springs, and some kinds of draw-springs—this form

proves to bo well suited, .
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BprfnafonTnS^ ^'"'T"^ ^ "^^^^^o tho frequent breakage of the nt^l

rn^Sf' 1856, consists in the use of blocks of Inr]i«rubber, or cones, placed over the centre of the spring
; they arc to obviateTe danger

414

overloading carriages and trucks, a frequent source of danger to the springs, and aremade to take the whole load in case of a spring breaking
^J'^'^f'^'f^ient (Jig. 41_5).-This inventor ingeniously proposes to use Spencer's
cones m blocks of wood, instead of iron confining rings. A series of them are en-
closed m a case formed in the side timbers of the underframe of the railway truck or
carriage

;
the cup space is formed in the block of wood, as our figure shows, and no

415

——

-

guide rods are required ; the principle is applied to draw- and bearing-springs. The
advantages proposed by this arrangement are, the dispensing with guide rods and the
taking the ultimate blow on blocks of wood, which deadens its effect

;
they are said to

answer very well.

In 1847, Mr. De Bergtie patented some improvements in the application of Fuller's
spring to buffer-, bearing-, and drawing-springs for railway uses.

The applications for common road carriages, patented by Mr. Fuller of Bucklersbury
in 1852 and 1855, have been extensively used, both in the form of cylindrical rings
acting by compression and also of suspension springs for lighter kinds of vehicles.

Eespecting these springs, ^ys. 416, 417, we have been furnished by the patentee with
the following particulars :

—

The form generally used for heavy purposes, such as drays, vans, waggons, &c.,

consists of a series of rings of cylindrical or circular form, working in a perpendicular

rod or spindle, on each side the axle, with the usual separating plates or washers ; tho

depth and diameter of the rings being regulated by the weight to be sustained and
the speed required.

During the Crimean war, these eprings were introduced by.Mr. Fuller to the notice
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''^^

R ni Arsenal Woolwich, and wero in consequence

«-Pf>,« Government authorities at
^^-"^y^'f^.o-e 'waggons, ammunition waggons, &c.

^^iStJ for all kinds of miUtajry carriages, Btore wag
ambulance

Th?v we -0 also applied in the
f^l'^^'^^^^^'J^l^ India-rubber on the prin-

discovered.
"^^7

lysSnts, and about ^th or |ti-nf to^^^^^^
considerable tension over the ends

\ continuous length of such cord ^^^^^^^ resembling a cotton reel and

of two metal sockets or
'P^^^'^^'J^'l^'^^J^^^ strong tape or other smtable

whilst in a state of tension, ^ound a^^a^^^^^^^
^axying from 10 to 20, 30, or 40,

binding; the number of cords pomposmg the spring, V y

it with a thin plate of iron, to fP^ct the ^nma^

hot tyre isput on, when wheel
^^^^

^^^^ ^^^^^

vJr';;Sl ;rarnttge g?4'e^ is the saving in the break-

^ ing and wear of the tyres.
t,„i->t,pt. are inserted in

,hTfelTs^e^^^^^^^^^ S BO 0-
and

bed of the hammer ; the effect is greatly to diminish tn^^ tr
^i^^tion, we may

building, and to cheapen the foundation
the working ofthe steam-

state, that at Messrs. Kansome and May's works Ips^ncn, l b
.^g^^.^-^^

hamper shook the building ^^^d endows to an alarnnn^^^
^^^^^ ^^^^^^^

of blocks f
-1-nised rubber u^^^^^^^^ S and Fenton, have also

Mnts between engines and
j«f«.«'^*--;™-^fJ a ioint between the locomotive

,
1

yjiiiw

^ipefaVdthey are us^edL a v^ijty of
^-^f^^^^^^^^^^^^^^ ,f I^^ia-rubber for

1

A. large trade has^be^n^e^^^^^^
^^^^ ^^^^^ ^

driving machinery,fo™ ^
^^^^^ -^.^^ . ^^^^ ^^^^

no effect on them
toen used in some cases. They are made

;;?^t;:1r'tr;C^^^ tl^d ith between, and outside of which the rubber

is placed.
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Sin liar as
Soijiuisation of Caotjtchotjc.

besilfth^SaSTalV its applications, it is probaWo that
action, itnmyyetbTfLdtn hnv ?i ^""^^'r'."

^"^"^ general rcHiBtanco to ch,mi.M
practical men Lst conveJant ^^^^^

modafications peculiar and valuable. The
and successful inanSt^ i-rnrd S • ''''^J^r^^y

'"^"^ved with patents
and the marked disSne J, ]T'

^^^^^'^ 'o^^ the influence of solar light,

terrestrial hoat upofS^^^^^^^
^^'^^'^ the influence of solar and

em^yed'vas'verTSdeklvZn'^'^^ ^ ^^^^ rubber I
never more tLr^O^ S ^vn^^^^^^^^^^

'^"''^^ ^ ^^'^^ ^« tl^^ heat was
injiu-ed by it. I suspend tSShfcTdf. '°

% ^^^^^^ ^^^^P^^^t^re was not
ascertain tli^« ^^jf^^^

^"'^t light had some eifect in produc ng this mischief To
clwbJ'k ande^^^^ " ru'bber. on^"flse
been leftwS 4stJawt and fl^^^^^^^

' '^^'^
= T ^"''""'^ ^'^^ P^^'^'^ ^^^^^^ ^^^d

Bhape of a thin piece ofS'aftPv?«« ''^f'PJ^^f^^
disappeared, it seemed like the

inta;Sr;a tLTS^ of thefuture as relates to^^Xof treatment

will be exten^f;eWa'ctaS^^^^^^ T /Tf ^ b<^li«ve

W of liahf T .
^^^^^^^ °^ its a^?/ie5it;e quaHty

; whereas, no other

about 270° IhiPbt ^^T^ ''"f^' "^'^ de^.ee ofheat s appJed tT'tabout 270
,
which IS used in vxilcanismg.'-ffoo^^'^a.,

p. 11% vol. i. New Haven, U.S.
Uur recent Imports of Caoutchouc have been as follow :—

Places

From Germany ,

Holland .

France
Portugal .

West Coast of Africa :

—

Portuguese Possessions
Not designated

United States of America
Central America
New Granada ,

Ecuador .

Brazil

Mauritius .

British India
Straits Settlements .

Other countries .

Total .

Manufactures of Caoutchouc

:

From Germany .

Holland
France
United States of America
Other countries . .

Total

1871

Cwts.

3,388

1,092

1,352

12,297

5,988

4,754

18,383

7,735

71,658

9,673

9,424

9,229

6,112

161,085

Lbs.

259,047
24,012

233,489

51,248

14,019

581,815

Value

33,082

10,446

11,343

69,769

82,694

27,418

150,588

63,677

992,955
83,443

44,708

75,420

38,738

1872

£1,684,281

Value

£23,416
3,087

15,824

7,376

1,920

£51,631

Cwts,

1,786

4,397
2,113

2,263

876
13,259

4,614

5,310

7,688

3,412

68,143

10,433

13,855

15,296

3,689

Value

£16,853
31,335

22,268

22,620

7,385

101,539

49,638

40,293

74,997

30,499

960,602

112,155

116,926

140,798

34,631

157,114

Lbs.

345,965
44,503

271,271

54,116

£1,762,269

Value

£40,278
4,849

31,169

4,381

729,855 . £80,677
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Onr Exports of caoutchouc manufactures in the same year we valued at

854,539?. . , ^- , 48 ^g., valued at 1,762,886Z.

In 1872 we^mportod 157,148 cms.,
^ ^^^.^^^ by the destruc ivo

CAOWTCKOUCIMB. A t^^^jo^^j^^^
WiUiams has shown that this liquid is

SpoX-^°i^^^^^^^^
hTS^ocarhons. caUed caoutcMn

C-H-(C'-K-). and.-.oj,r.«.

CioffCC^K').
f experiments upon the impregnation

Mr. WilUamBarnard, in the cotu^se
0^^^^^

P
^^^^ -^^^^^^^

of ropes mth caoutchouc, Tfhich ^
<^o^^^^^^^^

d to a heat of about 600'^ F.

Greenwich, discovered that
^^^^JJ^" 'JJi;^^^ was condensable

itresolveditseKinto a ^aP°^' ^1^3'^^^^^^^^ which the name caoutchoucine

into a liquid P°««r°fv'^JentiS ^of a so^en not Sherto used in the arts,' Mr.

has been given T^or this invention oi a sorveuu
^ .^^ ^o=o^^l.arlnas oeeu giv^". -- -----

»
,,„ust 1833. His process for preparing it is described

Barnard obtained a patent i^^^S'^/^J-^f; ^^J^^ the said caoutchouc, or India-

inhis specification as f •- about two cubic

rubber, as imported, and ^^^^^g ^^^^^^^3^3 (which I find

inches each (winch I
P^^^^^J ^J^Sam ^f

^
annexed to. and forms part of

adapted for the purpose, and a
^g^^^ "V.^^'^aOV a is the still; b, the cover

this my specificat on) with l^^j'^^tS^^'d take the temperature ;
c, the

ground to a metalhc fit, to
^J^^^tl^nd worm ; f. the brickwork of the stiU

;

fat^lS:; a^ndtrSfg? n ^nttrn^S^aUe, or other means, to raise the cover

S^^^^^^S^^:^:^^^^- i«— until the

th:rmi:SS^^^^^^^
Andasthethermometerranges

upwards to 600° F. a dark

coloured oil or liquid is distilled

over, which I claim as my said

invention, such liquid being a

solvent of caoutchouc, and other

resinous and oleaginous sub-

stances. When the thermo-

meter reaches 600° P., or there-

abouts, nothing is left in the

still but dirt and charcoal.

' I have found the operation

of distillation to be facilitated

by the addition of a portion of

this oil, either previous or sub-

sequent to the rectification, as

hereinafter mentioned, in the

proportion of one-third of oil to

two-thirds of caoutchouc.

' I afterwards subject the

dark coloured liquid thus dis-

tilled, to the ordinary process of

rectification, and thereby obtain

fluids varying in specificgravity,

distilled water at 1,000. which fluids I also claim as

S earhScSation the colour of the Uquid becomes more .^^g^t and tea^^^^^^

until at the specific gravity of 0-680, or thereabouts, it is colourless and li^gl^ly^if

' In the process of rectification (for the purpose of obtaining a larger product of

oil colourless) I put about one-third of water into the still. In each and every state

?hehW S a soLnt of caoutchouc, and several resinous and oleaginous substences.

and Xo of other substances (such as copal), in combination with very strong alcohol

'Having experienced much difficulty in removing the dirt which adheres to the

bottom of t3till, I throw into the still lead and tin in a state of aUoy (commonly

Sd solder)? to the depth of about half an inch, and, as this becomes fused, the dirt

which lies on the surface of it is more easily removed.

' Ob ections hive been made to the smell of this liquid :-I have found such smell

removed by mixing and shaking up the liquid with nitro-muriatic acid, or chlorine

JS^hl proportion of a quarter of a pint of the acid (of the usual commercial strength)

to a gallon of the liquid.'
, . , „ i •

i. j. i. i. i.

The discovery of the chemical solvent, which forms the subject of the patent above

described, has excited considerable interest in the philosophical world, not only from
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less siociflc ot3v <^,r^ .1 P°««°«8' ^'z- that, in a Uquid state, it haaS Storfhnn ^
1 r I'q^id then known to the chemists, being consid^

;SSb of ^S^^^ ^ - heavier tl/n the

mSonlnTinl''^
(whon mixed with alcohol) is a solvent of all the resins, and

tui of^thoTr^'
^'•"^^''^^ the ordinary' tem-

WrTiM-/, r^T'P^r, =/ P^"P°^ty possessed by no other solvent known
; andhence t as peculiarly useful for making varnishes in general. It also mixes readr^v

m 1" I'rf' 'T' ^ ^ " °^°^P -e-truumtr iTque^ngtiS:pamts and without in the slightest degree affecting the most deUcate colom-s wiUIrom Its ready evaporation, cause the paint to dry almost instantly
Cocoa-nut oil at the common temperature of the atmosphere, always assumes a con-crete loi-m

;
but a portion of this caoutchoucine mixed with it will cause the oil to

dina^^rilUancy
^ sufficient fluidity to burn in a common lamp with oxtrao^

Caoutchoucine is extremely volatile; and yet its vapour is so exceedinglv heaw
Uiat It may bo poured, without the liquor, from one vessel into another, like waterUne ot the real practical objections to caoutchoucine seemed to be its easy decom-
position Messrs. Enderby and Barnard found that, if exposed to air, and espociaUv
It a smaU quantity of water was present, that it was speedily decomposed, changing
coloui- to deep brown or black. Specimens, however, remain perfectly clear and
without change, in bottles, after twenty years.

r j

After caoutchouc has been subjected to destructive distiUation, and the caoutchoucine
or volatile oil of caoutchouc has distilled off, there remains in the retort a residual mass
which, when dissolved m oil, forms a varnish impervious to moisture, and consequentlymuch used by shipwrights.

^he Ca^am spinosa, the flower-buds of which constitute the capers
of the shops. Their quaUty depends exclusively upon the age at which they are
gathered, the smallest and youngest being the most deUcate and the dearest ; and the
largest, the coarsest and cheapest. The buds are plucked before they open and
thrown into strong vinegar, slightly salted, where they are pickled. The crop of each
day IS added to the same vinegar tub, so that in the course of the six months during
which the caper-shrub flowers, the vessel gets fiUed, and is sold to persons who sort
the capers by means of copper sieves. This metal is attacked by the acid, wherefrom
the fruit acquires a green colour, much admired by ignorant connoisseurs. About
60,000lbs. a year are consumed in this country.
The capsules of the caper spurge. Euphorbia lathyris, are sometimes pickled as a

substitute for capers ; but although the acid destroys some of the acrid properties, the
free use of them is dangerous.

—

Pereira.
The unripe fruit of the garden Nasturtium (Tropaohm majus) is also pickled as a

substitute for capers.

CAPIKIiAIRB. Originally a kind of syrup, extracted ftom maiden-hair. The
term is now applied to a finely clarified simple syrup, which is made usually with
orange-flower water.

CAPSroIMCORE. A substance discovered by Eeichenbach in wood-tar.
CAPRVXiAMIxrE. C'«H»N {Gm^^JX). A volatile base obtained by Squire,

and also by Cahours, by acting on ammonia with iodide of capryle. It is homologous
with methylamine, &c.—C. G. W.
CAPSXCTniiK. The dried ripe fruit of Capsicum fastigiatum, imported from

Zanzibar, known in commerce as Guinea Pepper and Pod Pepper. See Peppee.
CAPSTAXr. (Cabestan, Fr.

; Spille, Ger.) A machine whereon the cable is

woimd successively in weighing the anchor of a vessel. It is a species of wheel and
axle ; the axle being vertical, and pierced with holes near its top for the insertion of
the ends of horizontal levers, called handspikes, which represent the wheel. These
are turned by the force of men moving in a circle. The power applied to the lever is

to the resistance to bo overcome (the weight of the anchor, for example), when the
forces are in equilibrio, as the radius of the cylinder roimd which the cable is coiled is

to the circumference described by the power. It is manifest that the radius of the
axle must be augmented in this computation by half the diameter of the cable, which
is supposed to lio always one coil thick upon it. The force of a man thus applied,

has been commonly estimated as equal to the traction of 27 pounds hanging over a
pulley. Friction being so variable a quantity in capstans, renders the exact calcula-

tion of its mechanical effect somewhat uncertain. A stout man, stationed near the

"bottom of the axle, holds fast the loose part of the cable, which has already made two
or three turns

; and, being aided by its friction upon the wood, he both prevents it

from slipping backwards, and uncoils each turn as it is progressively made.
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421

422

^ w»«pn^Ho obtained a patent, in Pebruary 1827, for a oon-

trivance to enable ^^'^'^P^^^
'^^'i^i^^^'i;^ he placed toothed wheel-work, partly m the

^echaoiea^l
^-.^^^^^^^tan ^^^^^^^ the'upper part of the barrel, upon wh:oh the

SVcoiled and
^^^jf/^^^^^^^n ^ Bpindle, independently

The di-um-head and ^l^o the harxel^^^^^
either by the toothed gear, or by bolts. On

of each other and aa^e connecte^^^^^^^^^^ ^^^^^^ ^^^^^^^

raising or the co^ne^^^^^^^^
^ ^^^^^ ^ power equal

locking the drum-head J"™ Sy^pgU-barsfas an ordinary capstan ; but on

only to that exerted by the "^^^.^ ".^^^l^^v '^nd withdrawing the bolts which

lowering the pinion into geaxJith by the men becomes increasedin

locked the drum-head to the
^^J' ^^.P^tf^th J^tL w^ and pinions,

proportion to the diameter and
^^^^^^^^ \, 421 a horizontal view of

^
^ff. 422 is the external appearance of dus ^aps^nJ 5^^^^^ ^^^^ ^

TliA piwulai frame cc, m M. 4/1, m wmi-ii u
• ,ii„

too hTwhTels dd d ar'e mou^nted, is fixed to the cen r^^^^^^^^^^^

Thfi rim eee with internal teeth, is made fast to the top oi tne

Sel and thr^nion/, which sUdes upon the spindle, is con-

^"Xn iJ'ifrtid to work the capstan with ordinary

r,ow the pi^ion/is raised up into the recess of the drum-head

Cmeans oL screw g, fig. 422, which tWs it out of ?ear mth

the toothed wheels, and it is then locked up by a pin the

bolts M are no^ hitroduced, for the purpose of fastemng the

Sim-head and bairrel together, when it becomes an ordinary

"^Ct^hen it is required that the same number of ^len shall

exJrt a greater po^er, the bolts h are withdrawn and tiie

.Sion/i™edinto gear with the toothed^wheels. The rota-

?Cof the drum-head, then carrying the pinion round, causes it

to drte the tootlied wheels ddd; ^nd these working into the

toothed rim ee, attached to the barrel, cause the barrel to revolve

with an increasing power. „f
Thus, under particular circumstances, a smaller number ot

men at the capstan or windlass (which is to be constructed upon]

thfi Rama t)rincit»le^ will be enabled to haul m the cable and

anchonrCroff th^ vessel, which is an important object to be ef^^^^^^
anchor or wjp . ^

^^^^^ ^^^^.^.^ improvements in capstans, a

paJr of whichCenSon is precisely the same as this in principle, though slightly varied

lit Brown?ship-rigger, in his capstan, patented in 1833, instead of applyingthe

moving power by handspikes, having fixed two rims ^,_^=r==a:^<4 „ _ 423

of teeth round the top of the capstan, acts upon

them by a rotatory worm, or pinions turned by a

"winch. ^ , . _ J -

Fig. 423 is an elevation of this capstan, and Jig.

424 is a horizontal top view, a is an upright shaft,

fixed firmly to the deck, serving as an axle round

which the body of the capstan revolves. A frame c,

fixed to the top of a stationary shaft a, above

the body of the capstan, carries the driving appa-

^^The upper part of the body of the capstan has a UJ l« 1 i—

'

rms of oblique teeth d, formed round its edge
;
and

. u • ^ 1 i, ^4.

aW thisTn the top of the capstan, is a ring of bevel teeth e. A horizontal shaft

f mounted in the top frame c, has a worm or endless screw, which takes into the

teeXof the ring cZ; ind a short .axle g, having its bearings m the central shaft

and in the f^amo c, carries a bevel pinion, which takes into the bevel teeth of the

The bearings of the shaft /, in the top frame, are in long slots with angular

returns something like the fastening of a bayonet, which is for the purpose of

enabling the shaft to bo readily lifted in and out of gear with the teeth of the ring

d; the outer bearing of the axle g of the bevel pimon is also supported in the

frame c, in a similar way, in order to put it in and out of gear with the tooth of the
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424

patentee proposes to

bevel pinions acting

bevel ring e. A mode of shifting these is essential; because the two toothed rineeam tlioir dnying worm and pinion, givo different speeds, and. of course, cannot boboth in operation at the same time.
i

> >
,

uo

The worm of tho shaft / being placed in gear with the teeth of the ring g, on
applying rotatory power thereto, by means of winclies
attached to tho ends of the shaft, the barrel or body of
tho capstan will be made to revolve with a slow motion
but with great power ; and thus two men at tho winches
will do the samo work as many men with capstan bars
in tho ordinary way.

If a quicker movement than that of tho endless screw is
desired, then tho driving power may bo applied by a winch
to tho axle g of tlio bevel pinion, that pinion being put into
gear with the bevel ring e, and the endless screw with-
drawn. It should, however, bo hero remarked, that tho

employ two short axles g, placed opposite to each other, with
„ in tho bevel-toothed ring, though only one is shown in tho

figure to avoid confusion. Ho also contemplates a modification of the same con-
trivance, in which four short angles g, placed at right angles, with pinions taking
into a bevel ring, may be employed, and made effective in giving rotatory motion to
the barrel of a capstan by means of winches applied to the outer ends of tho axle
and turned by tho labour of four men.

'

CAPUT MORTUUM. A term employed by tho alchemists to express the resi-
duum of distillation or sublimation, the volatile portions having been driven off.CARAJURA. A rod dye stuff: see Chica, Eed.
CARAMEIi.^ Burnt or dried sugar, used for colouring spirits and gravies. It is a

black, porous, shining substance, soluble in water, to which it imparts a fine dark
brown colour. The French are in the habit of dissolving the sugar, after it has been
exposed for some time to a temperature sufficiently high to produce the p];oper colour,
in lime-water : this is sold under the .name of ' colouring.'
CARAPA OXIi. See Ceab Oil.
CARAT, The term carat is said to be derived from the name of a bean, the pro-

duce of a species of Erythrma, a native of the district of Shangallas in Africa, a famous
gold-dust mart. The tree is called kuara, a word signifying 'sun' in the language of
tho country, because it bears flowers and fruit of a flame-colour. As the dry seeds
of this pod are always of nearly uniform weight, the savages have used them from
time immemorial to weigh gold. The beans were transported into India at an
ancient period, and have been long employed there for weighing diamonds. The
carat of the civilized world is, however, an imaginary weight, consisting of four nominal
grains, a little lighter than four grains troy {poids de marc). It requires 74 carat
grains and ith to equipoise 72 of the other. The diamond carat, though containing
4 diamond grains, is equal to only 3| grains Troy.

It is stated that the karat, a weight used in Mecca, was borrowed from the Greeks,
and was equal to the 24th of a denarius or denier. The Encyclopedists thus explain
the carat:—'The weight that expresses the flneness of gold. The whole mass of
gold is divided into 24 parts, and as many 24th parts as it contains of pure gold it is

called gold of so many carats. Thus gold of twenty-two parts of pure metal is gold
of twenty-two carats. The carat of Great Britain is divided into four grains

; among
the Germans into 12 parts ; and among the French into 32.' Among assayers, even
in this country, the German division of the carat is becoming common.
CARAWAY SEEDS. The fruits, commonly called seeds, of the Carum Carui,

an umbelliferous plant. They are used for flavouring cordials. The oil of Caraway
is employed to correct, by its aromatic properties, tho nauseating and griping qualities

of some medicines.

CARBAMIC ACID. The combination of gaseous ammonia with carbonic-acid

gas produces a white substance formerly called anhydrous carbonate of ammonia, but

now recognised as a salt of carbamic acid. This carbamate of ammonia readily

combines with water, and passes into normal carbonate of ammonia,
CARBAMIDE. A white crystalline powder obtained by the action of gaseous

ammonia on phosgene gas, or oxychloride of carbon.

CARBAZOTIC ACID. See Picric Acid.
CARBIDES. A term synonymous with carburets. Thus, cast-iron being a

combination of iron and carbon may be called a carbide or carburet of iron. In liko

manner the hydrocarbons are sometimes termed carbides of hydrogen.

CARBO-HYDRATES. Organic compounds containing carbon and tho elements

of water ; such as starch and cellulose.

CARBO-HYDRIDE, commonly Hydrocarbon, A term used to denote those
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Those contained in the foUowing Table will show this

Table of the Physical Propertm of the Benzole Series.

Name

Benzole

Toluole

Xylole

Cumole
Cymole

Formulee

Ci2H« (C«K»)

Boiling
point

Specific

gravity.

176 0-860

230 0-870

259
298
347 0-861

Specific gravity of

vapour

Exjieriment

2-77
3-26

3-96
4-65

Theory
2-699
3-183
3-668
4-160
4-636

Benzole has already been sufficiently described, and will not, tjerfore

fn All these hydrocarbons yield a great number of derivatives wlien

pauivalent of hydrogen s replaced by hyponitnc acid JNU (N O

XIre SocLed. When treated with sulphide of ammonium or protacetate of iron,

?hese Xb come reduced, and yield a very interesting series of ^"l^tile orga^^^^

bases or alkaloids; these are aniline, toluidine, xylidme, cumidine, and cymid^ne

Mr bSow has shmvn that special precautions are necessary m converting cymole

So^S™le, preparatory to the formation of the alkaloid cymidane.
_

Cymole is

act^d orXvioiy by itric acid to allow of the nitro-compound being formed

unTess the precaution is iken of cooling the acid and hydrocarbon, by means of a

SSrinfmiS, before allowing them to^ react on each other. The mtro-compound,

SreriTl fomcd, may be reduced in the ordinary manner These alkalis have

Tf late yearsTqui^ed special importance in consequence of the valuable dyes that

Mr Perkins has succeeded in producing from them. See Aniline.

P-fraffine is a solid hydrocarbon of great interest; it is found both m wood and

co5 tar When coal is distilled for the purpose of producing gas, the temperature is

«o hiVhas to be unfavourable for its production, and consequently mere traces only

areW in ordinary coal-tar. But if any kind of coal be distilled at the lowest

poss Se temperature, not only is the resulting naphtha of much lower density than

that wodiiced in the ordinary manner, but considerable quantities of paraffine are

found in the distillate. The last-mentioned substance is every day becoming more
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aIfbirjoT P 1°^ 1*' il uminating properties that have been

f^ZtL mnH?jL \ Colourless, inodorous, hard at all moderate temperatures, it

ModelnZIS^ I*' "'"^T''^
discovered. See PABAFFmB.

tvDo_^V ' '^""^ ^^'"^ hydrocarbons generally are formed on one

HH tl^ iw7 ^°^f
hydrogen in the free state to be a double molecule,

BOS tiva o7^rT- ""J" ^"T"*^ ^y *° substitution of one or two equivalents of apositive ox negative radical for one or two of the equivalents of hydrogen ; thus
methyle, the formula of which (for four volumes) is or C'H", is hydrogen in
which both equivalents are replaced by methyle. Olefiant gas is hydrogen in whichone equivalent is replaced by the negative radical acetyle, or vinyle, and so on.more IS one large class of hydrocarbons the rational formulae for which are not
Kno^vn, and which will probably remain in this condition for some time. We allude
to the numerous essential oils isomeric with oil of turpentine. Many of these have
almost the same boiling point and precisely the same vapour-density as their type
but m odour, fluidity, density in the liquid state, and various other minor points'

jssentially different. The following Table exhibits some of their pliysical pro-

Table of the Physical Properties of some Isomers of Oil of Turpentine.

Name

Oil of turpentine

„ athamantha
,, bergamot
,, birch tar

Caoutchine . ,

Oil of carui, or caniene

„ lemon

„ copaiva .

„ cubebs

„ elemi

„ juniper .

Terebric oil accompanying oil of
gaultheria

Terebric oil in clove oil

„ „ pepper

„ „ balsam of tolu

„ „ oil of valerian

Formulae Boiling
point

epsciflc

gravity

Specific

gravity of
vapour by
experi-

ment

(C10H18) 322 0-864 4-764
(C'°Hi«) 325-4 0-843

361-4 0-869

313-0 0-847 6-28

338-0 0-842 4-46

343-4

C20JJ18 (C10HI6) 343-4 0-8514 4-87

C20H" (ClOHl") 473-0 0-878

(C'»H'«) 490-0 0-929

(C'»H") 345-2 0-849
020216 320-0

020216 (C»Hi'=) 320-0 4-92

O20H18 (Ci«H'6) 483-8 0-9016

C20216 (C>»H") 332-0 0-864 4-73
020HI6 (C10H16) 320-0 0-837
02-1216 (C'»H»6) 320-0 4-60

An inspection of the above Table will show that while, beyond doubt, a great
number of essential oils are truly isomeric with turpentine, there are some the con-
stitution of which is by no means well established.

The above account of some of the more prominent hydrocarbons is necessarily

brief and imperfect
;
partly because the limits of this work preclude the possibility of

entering minutely into the details of their history, and partly because many of them
are described at greater length in other articles, especially under Naphtha.—C.G.W.
CARBZN-OIi. A synonym of methyl-alcohol or wood-spirit.

CARBOIiZC ACID, Phenic Acid, Phenol, Phenylic Alcohol, or Hydrate of
Phenyl, C'^H^O- (C^H^O).— The less volatile portion of the fluids produced by
distillation of coal-tar contain considerable quantities of this substance. It may be
extracted by agitation of the coal-oils (boiling between 300° and 400° F.) "srith an
alkaline solution. The latter, separated from the undissolved portion, contains the

carbolic acid in the state of carbolato of the alkali. On addition of a mineral acid,

the phenol is liberated, and rises to the surface in the form of an oil. To obtain it

dry, recourse must be had to digestion with chloride of calcium, followed by a new
rectification. If required pure, only that portion must be received which boils at

370°. If, instead of extracting the carbolic acid from coal-products boiling between

300° and 400°, a portion be selected distilling between 400° and 428°, and the same

treatment as before bo adopted, the add which passes over between 347° and 349°

will consist, not of carbolic acid, but of its homologue, cresylic acid C^H'O- (C'H«0).

Commercial carbolic acid is generally very impure. Some specimens do not contain
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.ore than 50 P- cenVf -cWu^^^^^^^^ SoS'td
portion contains °aphtl;almo, fluid bydro^ V

colourless. The
lepidino. Carbohc acid when very pi^e and^y, IS qu

^^^^
4sUls often remain fd u^^^^^^^^^^

^.^^ and exposed to the air.

specific gravity^s 1 065. Ca^^°^^°^^^
; ^.^^^ ,,1,^, during the formation of the

y^-f Tmeans of dyeing reds permanently with this substance have jet teen made
acid. No means oi ^ ^

o-nneaTs to reauire an excess of base to enable it

known. Unfortimately t^^^^^^^^ appears to req
^ ^^^^^^ ^^^^^

vlf' TfiTAtolo^^^^^^^^^^ acid exist which boil at a temperature

f"" S'the ranee oftl^^ meSal thermometer, and that all the acids above carbolic

beyond tne range oi uuo iiioi.i.Liii

„ :f wlion treated with lime. Creosote oi

acid afford rosolic acid,
°%^7°SiLe of cVrtoU^ and cres^c acids. If only that

commerce appears to
«f

^ °; a m^ti^e of car^^^^^^^^^^
Eeichenbach as the

111 aU the 5lt oils instead of confining themselves to a portion only, as Laurent

S T)Ssly done Stm the acid obtained by these methods was very impure, and

itleSdttrikto Dr. F. Crace-Calvert to introduce—
-^^^^^^^^

the manufacture until he finally obtained a pure product. In 1859 ^'al^^JP^P^'^'l™

wornrn the impure benzines or naphthas of commerce ; these he treated with weak

IlSine solutions! and thus obtained a product wMch was nch m carbobc acid-

co^Sng as much as 60 per cent.-and capable of yielding a great part of thi ac^d

on SstiUation. By further modifications of his process, he succeeded obtain ng a

piirfhySate of embolic acid (mono-hydrate of phenol) of «}\«7P°«f°^ ^^P/
TTO r2 fCSK"©^ H^Ol. The tarry and sulphurous odours, which clung to the earlier

forms of carbolic acid, and were so prejudicial to its use for many purposes l^ave been

entirely removed in some of Calvert's later preparations. In addition to the orcbnary

form of the acid, Messrs. Calvert and Co. now prepare carbohc-acid powder and

'"ofan ifdusteial scale, carbolic acid, or phenol, was first produced by the late Dr.

Ernest Sell, a German chemical manufacturer, distinguished for his scientific attain-

ments and predilections. Dr. Sell introduced the use of phenol as a substitute for the

ever-varying creosote. The claims to chemical individuality of the latter substance,

notwithstanding numerous investigations to which it has been submitted, are by no

means finally established; many chemists, in fact, considering creosote as a mixture

of phenol with larger or smaller quantities of its homologues, cresol and phlorol.

The manufacture of coal-tar-derived creosote was extensively carried on by Dr. bell

in his factory at Offenbach-on-the-Main ; and Dr. Hofmann saw, nearly twenty years

ago, at that factory, hundredweights of phenol as white and beautifully crystallised

as the specimens exhibited in London in 1862.
_ . . ,

Of late years, carbolic acid has obtained extensive application as an antiseptic and

disinfectant. Its volatility gives it the advantage of being very rapidly difiused

through an infected atmosphere. During the cattle-plague it was employed with

great success by Mr. Crookes. Carbolic acid is also used in surgery for dressing

offensive wounds, and as an application in certain forms of skin-disease. But the

most interesting use of phenol is to be found in the manufacture of certain dye-stuffs

from this acid and its derivatives. The following are the more important of these

carbolic-acid dyes :— ^. . , ,. ••7 mi 1

Tellow Dtbs : Picric acid, Carhazotic acid, or Trimtrophcnyhc acid. 1hough

originally discovered by Welter, the composition of this body was not properly

understood until Laurent examined it in 1841. It is obtained by the action of nitric

acid on carbolic acid, or on phenyl-sulphato of soda. As far back as 1847, it was

used for dyeing by Messrs. Guinon, of Lyons. It is employed for imparting a yellow

colour to silk and wool ; and also as a green dye when associated with indigo and blue

colouring matters. Picrato of soda has been substituted for the pure acid, but this

salt is dangerously explosive. See Picric Acid.

Aurinov Yellow Coralline. In 1861 Kolbe and Schmidtfirst obtained this compound

by heating carbolic acid with oxalic acid and concentrated sulphuric acid. Commercial

aurin is a brittle resinous substance, having the colour and lustre of cantharides, and
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SrSly'ltuliJdTw ^
The colouring principle has been isolated in a pure fonn.andcarelully stud ed by Messrs. Dale and Schorlommer.' Aurin is used for civintra vorvtne orange-yellow colour to silks and albuminized cotton.

givinga very

ioTontu7o^uPcm^^ ^^""^ with aqueous ammonia

dves wool nnd «5n ,
* colouring agent is obtained, which

EtiM so?lf 1

' " '^'^^ obtained from aurin. This

and rnS f ^°'u"T" P""""'"' discovered in 1860 by M. Person, jun.,

Lyons
"^^"^'^'^^^^ ^'^^ Perfected by Messrs. Grunon, Marnas, and Bonnet, of

rololil^2fTl!u''^ °^ """"y, ^^'^^'i '^ot identical with, tho

TdatioTof ^S;;;.^
'"'^'^^ ^^"S*^- ^^^-^ly P-P^-<i the

^ni^''^^!
' -P^«;«mc acid. This was obtained by Wohlor by acting on picricacid with proto-sulphato of iron, neutralising tho product with caustic baryta, and

fanally removing the baryta by sulphuric acid. Picramic acid is a deep brown
substance, used for dyeing silk.

^
Phenicienne or Fheni/l brown. Eoth discovered this substance in 1863, byactine on

carbohc acid with nitro-sulphuric acid. The product is an amorphous brown powder,
said to be a mixture of two distinct substances-the one yellow, and the other
blackish-brown A variety of shades, from a deep red to a golden buff, may be given
to wool and silk by means of picramic acid.

Soluble Garnet {Grenat soluble). This is the isopurpurate of potash, obtained by
acting with cyanide of potassium on a solution of picric acid. It has been introduced
as a dye-stuff by M. J. Casthelaz. As it is explosive when dry, it should be kept as a
paste and moistened with glycerine.

BiUE Dyb_: Asuline, Azurine, Phenol-blue or phenol-blue. By heating coralUne,
or rosohc acid, with aniHne, and treating the product with sulphuric acid, a blue
colouring-matter is obtained in the form of a reddish substance exhibiting golden
tints. This is the dye known as Azuline.
G^EN Dye : Viridine. A green dye has been obtained by Messrs. Grunon, Marnas, •

and Bonnet, by acting on rosolic acid with aniline and benzoic acid.
CARBOM-. {Symbol, C; Atomic weight, 6). Carbon exists in a considerable

variety of forms, most of which are so unlike each other, that it is not surprising the
older chemists should have believed them to be compounds.
Diamond.—The purest variety of carbon is the diamond. This gem crystallises in

the regular octahedron and derived forms. The diamond does not owe its hardness
and brilliancy solely to its purity, for many specimens of graphite consist of carbon as
free from admixture as the best diamonds. The density of graphite and of diamond,
however, is very different ; for while the former seldom exceeds 2-45, and is often
much lower, the diamond is very constant, generally ranging between 3*51 and 3-55.
Diamonds, if they are perfectly transparent, leave no residue when burnt in oxygen
gas. If not clear, they yield from 0-05 to 0-20 of ash, consisting chiefly of peroxide
of iron, but also containing traces of silica. The refractive power of diamonds is

as high as 2-439. Sir Isaac Newton, observing that oily or inflammable bodies gene-
rally possessed the greatest refractive powers, inferred from the high index of refrac-
tion of the diamond, that it was ' an unctuous body congealed.' This idea will
appear the more happy, when it is considered that the ashes of the diamond exhibit a
structure resembling that of vegetable parenchyma.

In freedom from ashes, certain graphites nearly approach the diamond, some
natural varieties not yielding more than 0-33 per cent. See Diamond.

Graphite.—This kind of carbon is foimd in many parts of the world, and in dif-

ferent degrees of purity : it is also formed artiflcially. Some native varieties are

exceedingly soft, of a black or greyish tint, metallic lustre, and, in consequence of

making a streak on paper, of various degrees of blackness, according to tlio mode of

preparation and other circumstances, are invaluable for the manufacture of artists'

pencils, and are hence called ' Black Lead.'

A very hard graphite is found lining the retorts in which coal-gas is made : it is,

when cut into plates or rods, used in galvanic arrangements, either for the poles or

for the inactive elements of batteries. See Gkaphite and Plumbago.
A very dense form of carbon, having high electric conductivity, and sometimes used

for the negative element in Bunsen's battery, may be obtained by heating to redness

an intimate mixture of finely-divided coke and coal in the proportions of two parts of

the former to one of tho latter ; this mixture having been ignited in an iron mould,

is dipped several times in treacle, and again strongly heated. A hard compact substance

is thus obtained, capable of being sawn to any required shape.

' ' Jom-nal of the Chemical Society,' [2] xi. 1873, p. 434.
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Coke. Tliis variety of carbon is produced by tlio ignition of pit-coal. Tlio largest

quantities are produced in the manuiacture of soal-gas. It of course varies greatly

in quality •«'itli the coal from which it is procured. The density of coke varies nut

only with the quality of the coal, but also witli the greater or less rapidity of tlio

firing and the duration of the operation. .See Coke.

Anthracite is a very dense natural variety of carbon, its specific gravity A\arying from

1-390 to 1"7. It differs considerably in quality, some kinds being almost as free from

extraneous matters as graphite, while others approach nearer to the natui-o of coals.

Thus the hydrogen in anthracite oscillates between 1 -0 and 4-0 per cent. Some varieties

of coal have only 4-5 to 5'0 percent, of hydrogen, thus approximating to those anthracites

which have high hydrogens. See Antheacitk and Coal
Charcoal.—There are several varieties of charcoal : among them may be mentioned

those from wood, bones, and the peculiar substance found between the layers of

certain pit coals, and known as 'mineral charcoal.' Ordinary charcoal from wood
contains many substances besides carbon, among which may be mentioned oxygen,

hydrogen, traces of nitrogen, and ashes.

Bone-charcoal contains a large quantity of earthy phosphates and carbonates,

besides other matters. See Chahcoal.
For a description of the method of preparing the variety of carbon known as

Lamp-Black, see Lamp-Biack.
The description of the charcoal best adapted for pyrotechnic purposes will be found

under the head Gunpowdee.
Carbon combines with several elements, forming in general well-marked and higlily

important substances. Several of these compounds will be found described under
the heads Cabbonic Acid, Cabbon Bisulphide, Hydeocaebon, &c.
CARBOXr, BISVXiPKXBE OF, or CARBOKT BXSVI.PKXBE (formerly

Carburet of Sulphur or Sulphuret of Carbon, also called by the elder chemists tlio

Alcohol of Sulphur). A limpid, volatile, colourless, highly refractive liquid, possessing

a penetrating foetid smell and an acrid burning taste. Its specific gravity is 1"27 ; its

formula is CS^
Bisulphide of carbon may be prepared 'by distilling, in a porcelain retort, pyrites,

the bisulphide (bisulphuret) of iron, with a fourth of its weight of well-dried char-
coal, both in a state of fine powder and intimately mixed. The vapour from the
retort is conducted to the bottom of a bottle filled with cold water to condense it.

The method now usually employed for preparing bisulphide of carbon consists in
passing the vapour of sulphur over charcoal or coke heated to redness. In Peroucel's
apparatus, a large cylindrical fire-clay retort, set vertically, is filled with pieces of
coke, and strongly heated. Sulphur is then introduced through a special tubulure,
and the vapour, formed by volatilisation of the sulphur, combines with the heated
carbon. The vapours of bisulphide of carbon thus formed are conducted first into a
receiver, where a portion condenses, and then tlirough a worm in a condensing appa-
ratus, where the remainder is liquefied.

The_ crude bisulphide of carbon thus obtained may be purified by re-distillation
over either zinc or bichloride of mercury (corrosive sublimate).

_
The bisulphide of carbon is insoluble in water, but it is soluble in alcohol. It

dissolves sulphur, phosphorus, and iodine. The solution of phosphorus in this liquid
has been employed for electrotyping very delicate objects, such as grasses, flowers,
feathers, _&c. Any of these are dipped into the solution : by a short exposure in the
air the bisulphide of carbon evaporates and leaves a film of phosphorus on the surfaces

;

they are then_ dipped into nitrate of silver, by which silver is precipitated in an
exceedingly minute film, upon which, by the electrotype process, any thiclmess of
silver, gold, or copper can be deposited. If a few drops of the bisulphide of carbon
are put in a solution of the cyanide of silver, from which the metal is being deposited
by the electroplating process, it covers the article quite brightly, whereas, without the
bisulphide, the precipitated metal would be dull. See Electeotype.

Bisulphide of carbon is an excellent solvent of caoutchouc, and is therefore largely
used in the vulcanisation of India-rubber. It also dissolves fats and oils, and is
consequently employed in extracting fat from bones, shoddy, and other greasy refuse,
and in dissolving oils from seeds ; the last traces of olive oil may thus be obtained
from the compressed pulp of the olive after having yielded the greater portion of the
oil by expression. Liquid bisulphide of carbon is remarkable for its high dispersive
power, and hollow glass prisms filled with the bisulphide are often used in optical
researches. As the liquid has never been frozen, it has been occasionally employed in
the construction of tliermometers for measuring very low temperatures. Bisulphide
of carbon is highly inflammable, and the vapour, if mixed with nitric oxide, burnswth an intense light possessing strong actinic properties ; hence this light has been
employed for photographic purposes. The vapour of bisulphide of carbon is higlily
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poisonous, and adyantago has boon tiken of this character to use it as a vermin-
dostroycr. A small quantity of the bisulphide, oncloscd in an air-tight chamber with
grain infested with weevils will destroy the insects and their larvae. It is curious that
the vapour of bisulphide of airbon passed over wood undergoing destructive distillation,

alters the character of the carbonaceous residue, and produces a material having high
conductinn; powers for heat and electricity, and extremely sonorous when struck.

CARBON'ABO. A massive variety of diamond, found in small black pebbles in

Brazil, and used for polishing hard stones.

CARBOITATES. By this term is understood, in popular language, the salts

formed by the union of carbonic acid with bases. In conformity with the language of
modern chemistry, a carbonate may bo defined as carbonic acid in which the hydrogen
is replaced by a metal. Thus, carbonate of potash, according to the old definition, is

a compound of carbonic acid gas {carbonic anhydride) with potash
;
whilst, according

to the new definition it is merely carbonic acid (the true hydrate, not the anhydride),

in which potassium takes the place of hydrogen. See Salts.

The carbonates are among tlie most valuable of the salts, whether we regard

their physical, geological, chemical, or technical interest. "Were limestone and
marble the only carbonates familiarly known, they would be sufficient to stamp this

class of salts as among the most important. The carbonates of lime, potash, soda,

ammonia, and lead, are articles of immense importance to the technologist, and are

prepared on a vast scale for various purposes in the arts. The carbonates of iron and
copper are among the most valued ores of those metals. Numerous processes of separa-

tion in analysis are founded on the various degrees of solubility in water and certain

reagents of the different carbonates. By taking advantage of this fact, baryta,

strontia, and lime, may be separated from magnesia and the alkalis. There are few

analytical problems which have attracted more attention than the accurate deter-

mination of the carbonic acid in the carbonates. This has partly arisen from the

frequency with which the potashes, soda-ashes, limestone, and other carbonates of

commerce, are sent to chemists for analysis. The number of instruments contrived

for the purpose is something extraordinary, especially when the simplicity and ease

of the operation is considered. Among tbem all, there is none more convenient or

easy to use than that of Parnell. ' It consists of a glass flask {fig. 425) of about two

ounces capacity, fitted with a sound cork, through which two tubes pass, one serving

to connect a chloride-of-calcium tube, a, while the other, 6, will be described presently.

A small test-tube, c, is so placed in the flask, and is

of such a size, that it cannot fall down, but its con-

tents may be made to flow. out by inclining the

apparatus to one side. To perform the experiment,

a weighed quantity of the carbonate is placed in

the flask, and water added up to the level seen in

/^^^a^s^ k_^~.> . ^ .^^ the figure ; the test-tube is then filled nearly to the

VCr ^^ij top with concentrated sulphuric acid, and is care-

fully lowered into the flask; the cork with the

tubes attached is then affixed, the aperture b being

closed with a small cork. The whole apparatus is

now carefully weighed ; the flask is then to be in-

clined so as to allow some of the acid to flow out,

and, when the effervescence has subsided, a little

moi'e, and so on until no more carbonic acid is

evolved. The flask is now to be so inclined as to

cause the whole of the acid to mingle with the

aqueous fluid, and thus cause a considerable rise of

temperature ; this expels the carbonic acid from

the liquid ; but as an atmosphere of the latter gas

fllls the flask, it must be removed and replaced by

air, as the difference in density of the two is very

considerable. For this purpose, the cork b is removed and air is sucked out of d,

until it no longer tastes of carbonic acid; the flask is then allowed to become per-

fectly cold, and, the little cork being replaced, it is then re-weighed :
the difference in

the two weighings is the amount of carbonic acid in the specimen.
_

On drawing air

for some time through the apparatus, it begins slowly to acquire weight, ansing trom

the moisture in the atmosphere being absorbed by the chloride of ^nd

although the error introduced by this means is too minute t° '"^fff^ f ,7«S
rimentTit must not be neglected wliere, from the quantity of material in the flask

being limited, or other causes, a small difference has an important bearing on the

result. In this latter case another chloride-of-calcium tube is to bo attached to the

aperture b, and the air must be drawn through by means of a suction-tube applied

at d.'—C, G. W.'b Chemical Manipulation.
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The commercial value of the carbonates of potash and soda may equally well be deter-

mined by ascertaining the quantity of dilute sulphuric acid required to neutralise them.

The following carbonates are such as find some use in the arts—or being found

native, are brought under tlio notice of the minor :

—

CARBOWTATB OF AIMCIMtOITIA, COIVX]M:SRCI.A.Ii. The sesquicarbonate of

chemists, sal volatile, or A-olatilo or smelling salts of the shops. Bicarbonate of

ammonia has been found in considerable quantities, forming crystalline masses, in a

bed of guano on the western coast of Patagonia.

CARBONATE OP BARVTA. This compound occurs in nature as the mineral
Withcritc, which is found in lead mines.

CARBOM'ATE OP CAIiCZUIMC, or of IiZME. Carbonate of lime is found abun-
dantly in the mineral kingdom. Calcareous spar, arragonite, Iceland spar, limestone,

chalk, and marble, are carbonates of lime. Its xises are well known. Gay-Lussitc is

a doublo carbonate of lime and soda.

CARBON"ATE OF COBAIiT. See Cobalt.
CARBON*ATE OP COPPER. Malachite and azurite are the two carbonates

of this metal found in nature. See Coppee.
CARBONATES OP IRON. Spathic ore is the most' important native form

which occurs. See Ieon.
CARBONATE OP ILEAD. White lead ore or cerussite is found in the lead

mines of Cornwall, Devonshire, Cumberland, and Scotland. The pigment white lead is

a carbonate of lead. See Lead.
CARBONATE OP MAGNESIA. Magnesite occurs native, associated with ser-

pentine and other magnesian rocks. Magnesia alba of the pharmaceutists is a hydro-
carbonate.

CARBONATE OP MANGANESE. This salt is found in nature in rose-
coloured rhombohedra known as manganese spar, or diallogite.

CARBONATE OP NICKEK. A mineral called emerald nickel occurs at Texas,
in Pennsylvania, and at Unst, Shetland. This is the only native carbonate of this
metal.

CARBONATE OP POTASH. Vegetable alkali, salts of tartar, pearl-ashes,
ashes, are several names given to this salt. See Potash.
CARBONATE OP SIXiVER. See Silver Ores.
CARBONATE OP SODA. Commonly called Soda. See Soda.
CARBONATE OP STRONTIA. Occurs native as Steontianite : it is found

at Strontian in Argyleshire—hence its name ; in the Hartz and other localities.
All these and the other rarer carbonates will be describedunder their respective heads.
CARBONIC ACID. {Symbol, CO^ ; Ato7nic weight, 22). The name commonly

applied to a compound of carbon and oxygen. This gas was formerly termed fixed air,
in consequence of its occurrence in a fixed form in chalk, marble, and other solid
carbonates, from which the gas may be readily released by the action of stronger acids,
conveniently by hydrochloric or muriatic acid.

In modern chemistry carbonic acid gas is usually termed carbonic anhydride, the
name carbonic acid being restricted to the combination of the gas with water

; indeed,
the dry gas does not exhibit acid reactions. Carbonic acid gas is also known in
modern nomenclature as carbon dioxide.

Carbonic acid is destitute of colour, has a sour smell, and an acidulous pungent
taste

;
it imparts to moist, but not dry, litmus-paper a transient reddish tint, and

weighs, per 100 cubic inches, 47-19grains, and per cubic foot, 815-44 grains, or little more
than 84 oz. avoirdupois. It may be condensed into the liquid state by a pressure of
40 atmospheres; and this liquid may then be solidified by its own sudden spon-
taneous evaporation. If air contains 4 per cent, in bulk of this gas, it is- rendered
unfat for respiration and combustion, animal life and burning bodies being speedily
extinguished by it. See Dr. Angus Smith's ' Air and Eain.'

Carbonic acid is constantly given off by animals during respiration
; and, ordi-

nary combustion consisting mainly in the combination of carbon with oxygen, this acid
is lormed in enormous quantities in all our manufactories and by our ordinary fires
Carbomc acid is, consequently, continually being poured into the air. The purity of

the atmosphere is, however, maintained by the action of the vegetable world all
plants removing carbomc acid from the air, and, under the influence of light, decom-
posing it again into carbon, which goes to the formation of wood and other veo-etable
products, and oxygen, which is given out to the atmosphere.

^

Notwithstanding this beautiful provision of Nature, we find carbonic acid accumu
lating in caverns, deep wells, and long-closed cellars, rendering them dangerous ItIS the 'bad air and 'damp of the metal miner; the 'choke damp," after damu'and . s^he of the coal miner. The last two terms are especially employed Z eS'sthe suffocating vapour whjch follows an explosion of 'fire-damp.' This gas,X?ng

3 A 2
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much clonsor than common air, can bo pumpod out of any place containing it. Milk
of lime—quicklime mixed with Avator—may bo used with advantage to purify the
uir of a sunk apartment, by its affinity for, or power of absorbing this aerial acid.

In the actual condition of tlie atmosphere, from 4 to 6 volumes of carbonic acid
exist in every 10,000 volumes of air.

This acid gives the fresh and pleasant tasto to spring-water and to all fermented
drinks. Champagne and bottled beer owe their sparkling properties to carbonic acid
gas generated by fermentation after the liquid has been bottled.

Many springs are very highly charged with this acid, and form a sparkling beverage,
as Seltzer water {Selterswasscr) and the like. Large quantities of similar water are
made artificially in this country, and sold under the names of Soda Water, Aerated
Water, &c. See Watts's ' Dictionary of Chemistry.'

OARBOiriO AirKVDItXDE/ See CARBONIC Acid.
CARBONTIC OXIDE. (Si/mbol, CO ; Atomic weight, li). This gas is known in

modern chemistry as carbon imnoxide or carbonous oxide. Carbonic acid is readily

deprived of half its oxygen at a red heat by charcoal and other deoxidising substances,

and so reduced to carbonic oxide.

This gas is presumed to contain two volumes of carbonic vapour and one volume
of oxygen condensed into two volumes, so that its combining measure is two volumes.

Carbonic oxide is 14 timec heavier than hydrop;en. It is very fatal to animals, and
when inspired in a pure stiite almost immediately produces coma. It has never been
liquefied. It is easily kindled, and bui'ns with a pale blue flame like that of sulphur,

combining with half its volume of oxygen; and forming carbonic acid, which retains

the original volume of the carbonic oxide. This combustion is often witnessed in a

coke or charcoal fire. The carbonic acid produced in the lower part of the fire is

converted into carbonic oxide as it passes up through the hot embers, and afterwards

burns with a pale-blue flame where it meets the air.

—

Graham.
Carbonic oxide plays an important part as a reducing agent in many metallur^cal

operations.

CARBON-IFEROtrs XiinCESTOirE, or V/lOmrTAXXI XtZMESTOSrS. A
sub-division of the Carboniferous System, which yields some of the finest British

marbles, such as those of Derbyshire and Bristol. The same limestone in Ireland is

also rich in marbles. Lead-ore is common in the Carboniferous Limestone of Derby-

shire, Yorkshire and Cumberland, and red haematite in that of Ulverston and
Whitehaven ; whilst in the North of England and jn Scotland the Carboniferous

Limestone series contains interstratified beds of coal ;
indeed, a large part of the

workable coal of East and Mid-Lothian is referable to this series.

CARBOIO'IFEROVS SVSTEIW. That geological formation which, in order of

time, succeeds the Old Eed Sandstone, and is succeeded by the Peemian System,

although in the absence of that system, they may be overlaid by rocks of still later

geological age. The carboniferous system comprehends :

—

The Lower Livicsione Shale : The Carboniferous or Mountain LiTnestone: Yoredale

Eoclcs
(
U2rpLr Limestone Shale) : and the Coal-Measures, Lower, Middle, and Upper.

CARBON PRISTTIXirC. See Photogeaphy.
CARBTTN'CZiE. A term applied to the garnet when cut with a convex face

{en cabochon). This gem was much prized by the ancients, and in high repute during

the middle ages, from its supposed mysterious power of emitting light in the dark.

Bonvonuto Cellini affirms, in his treatise on jewellery, that he had seen the carbuncle

glowing like a coal with its own light.

' The garnet was, in part, the carbunculus of the ancients, a term probably also

applied to the spinel and oriental ruby. The Alabandic carbuncles of Pliny were so

called because cut and polished at Alabanda. Hence the name Almandine now in

use. Pliny describes vessels of the capacity of a pint formed from carbuncles, ' non

claros ac plerumque sordidos ac semper fulgoris horridi,' devoid of lustre and beauty

of colour,—which probably were large common garnets.'

—

Ba^ia.

CARBTTRETS. Compounds of carbon, now called Carbides.

CARBTTRETTES KVSROGEiar. A compound of carbon and hydrogen.

Marsh-gas or fire-damp is frequently called Light Carburetted Hydrogen. See Gas-

Coal, and consult Watts's ' Dictionary of'Chemistry.'

CARD, CARDBOARD, called also Pasteboard, from the circumstance that

several sheets of paper are pasted together to form the board or card, which is then

subjected to a very great pressure between rollers.
•

f i?

A patent machine for cutting cards was invented by Mr. Dickinson. It consiste of

a pair of rollers with circular revolving cutters, tlie edges of which are intended to

act against each other as circular shears ; and the pasteboards, in passing between

these rollers, are cut by the circular shears into cards of the required dimensions.

These rollers are mounted in suitable standards with proper adjustments, and are
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A

Dn1 1

made to revolvo by a band and pulley connected fo the axle of a crank, or by any
convenient means, ^^ff. 426 is a front view of this machine : a a and b b are the two
rollers, the upper one <

turning upon an ex-

tended axle, bearing in

the standards, the lower

one upon pivots. These

rollers are formed by a

series of circular blocks,

between a series of cir-

cular steel cutters, which
are slidden on to iron

shafts, and held together

upon their axle by nuts

screwed up at their ends.

The accurate adjustment
of the cutters is of the

first importance to their

correct performance ; it is

therefore found necessary

to introduce spiral springs

within the blocks, in

order to press the cutters

up to their proper bear-

ings. A section of one
of the blocks is shown at

fg. 427, and an end view of the same at fig. 428, with the spiral springs inserted.
At the outer extremity of the axle of the roller a, a rigger c, is attached, whence a

band passes to a pulley d, on the crank-shaft c, to which a fly-wheel/, is affixed, for
the purpose of rendering the action uniform. Eotatory motion being given to the
crank-shaft, the upper roller is turned, the lower roller moving at the same time by
tlie friction against the edges of the cutters.

Fig. i29 is an end view of the rollers, showing the manner in which the pasteboards
are guided and conducted between the cutters. In front of the machine a moveable
frame g, is to be placed, for the purpose of receiving the pasteboards, preparatory to
cutting them into cards, and a stop is screwed to this frame for the edge of the paste-
board to bear against, which stop is adjustable to suit different sizes. From the back
part of this frame the arm A, extends, the extremity of which acts against the periphery
of a ratchet wheel i, fixed at the end of the roller b, and hence, as the roller goes
round, the frame is made to rise and fall upon its pivots, for the purpose of guiding
the pasteboard up to the cutters ; at the same time a rod k, hanging in arms from
the sides of the standards (shown by dots in fig. 426), falling upon the pasteboard,
confines it, while the cutters take hold, and racks, corresponding with the indentations
of the rollers, are placed as at 1 1, by means of which the cards, when cut, are pushed
out of the grooves.

As various widths of card will require to be cut by this machine, the patentee pro-
posed to have several pairs of rollers ready adjusted to act together, when mounted in
the standards, in preference to shifting the circular cutters, and introducing blocks t)f
greater or less width.
The second part of the invention is a machine for pasting the papers, and pressin"-

the sheets together to make pasteboard. This machine consists of several reels on
which the paper is to be wound, along with a paste trough, and rotatory brushes.
Damped paper is to be wound upon two reels, and conducted from thence over two

other reels. Two fluted rollers revolving in the paste-trough supply paste to two
circular brushes

;
by these brushes the papers are to be pasted on one side, and then

pressed together by rollers to make the pasteboard; after this, the pasteboard is
drawn on to a table, and it remains there until sufficiently dry to be wound upon
other rollers, by which it is subjected to the necessary pressure. Cards are glazed or
enamelled by the use of porcelain-clay, white load, and subnitrate of bismuthCARDS (C«rcZcs,Fr.; Karden, Gev.) are instruments which serve to disentangle
the fibres of wool, cotton, or other analogous bodies, to arrange them in an orderlv iIid
of fleece, and thereby prepare them for being spun into uniform thi-eads The fine
ness and the levelness of the yarn, as well as the beauty of the cloth into which it
enters, depend as much on the regularity and perfection of the carding, as udou anv
subsequent operations of the factory. The quality of the carding depends more uponthat of the cards than upon any attention or skill in the operative, since it h nownearly an automatic process, conducted by young women called card-tenters
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Cards arc formed of a slicot or fillet of leather pierced with a multitude of small
holes, in •which are ijuplaiitod small staples of wire with bent projecting enda called
teeth. Thus every piece of wire is double toothed. The leather is afterwards applied
to a flat or cylindrical surface of wood or metal, and the co-operation of two or more
Bucli surfaces constitute a card. The teeth of cards are made thicker or slenderer,

according as the filaments to bo carded are coarser or finer, stiffer or more pliant,

more valuable or cheaper. It is obviously of great impoitauce that the teeth should
be all alike, equably distributed, and equally inclined over the surface of the leather,

a degree of precision wliich is scarcely possible with handwork. To judge of the
difficulty of this manipulation, we need only inspect the annexed figures, 430, 481. The
wire must first be bent at right angles in c and d.fig. 432, then each branch must receive

a second bend at a and b at a determinate obtuse angle, invariable for each system of

cards. It is indispensable that the two angles cae and dbf be mathematically equal,

not only as to the twin teeth of one staple, but thi'ough the whole series : for it is easy

to see that if one of the teeth be more or less sloped than its fellow, it will lay hold of

more or less wool than it, and render the carding irregular. But though the perfect

regidarity of the teeth bo important, it is not the sole condition towards making a good

card. It must be always kept in view that these teeth are to be implanted by pairs

in a piece of leather, and kept in by the cross part c d. The leather must therefore

be pierced with twin holes at the distance c d : and pierced in such a manner that the

slope of the holes, in reference to the plane of the leather, be invariably the same; for

ot^jorwise tlie length of the teeth would vary with this angle of inclination, and the

card would be irregular.

A third condition essential towards producing perfect regularity, is that the leather

ougnt to be of the same thickness throughout its whole surface, otherwise the teeth,

though of the same length and fixed at the same angle, would be rendered unequal by

the different thicknesses of the leather, and the operation of carding would be in

430 432 431

a »» ^ a ^

consequence extremely defective. Fig. 430 shows the card-teeth acting against eacli

other, as indicated by the arrows in two opposite directions ; infig. 431 theywork one way.

Of late years very complex but complete and well-acting machines have been con-

structed for splitting the leather or equalising it by shaving, for bending and cutting

the wires, and implanting them in the leather, into holes pierced with perfect regu-

larity. Card machines which fashion the teeth with great precision and rapidity, and

pierce the leather, have been for a considerable time in use at Halifax, in Yorkshire, a

tow^n famous for the excellence of its card-cloth, as also Leeds, Glasgow, and several

other places. The wires and the leather thus prepared are given out by the manufac-_

turer to women and children, who put them together.
i

. ,

The simplest machine for equalising the leather which can be employed, is that of

"MM Scrive of Lille, where the leather is drawn forwards by a roller over a solid

horizontal table, or bed, and passed under a nicely adjusted vertical blade, which

shaves it by a scraping motion to a perfectly uniform thickness. About one-halt the

weight of the leather is lost in this process and in the subsequent squaring and trimnving.

A machine for maldng cards, invented by a Mr. Ellis of the United States, for

which a first patent was obtained in this country by Joseph Cheoseborough Dyer, i!.sq.,

of Manchester, in 1811, and a second and third with further improvements^ in 1814

and 1824, is one of the most elegant automatons ever applied to productive industry.

It is, however, necessarily so complicated with different mechanisms as to render its

representation impracticable in such engravings as are compatible with the scope ot

this Dictionary. The following general description of its constituent parts must thcre-

^^ThTfiiSWing to be done after having, as above, prepared ^o^f Jeets or fiUets

of leather of suitable length, breadth, and thickness, for making the cards is to stracli

the leather, and hold it firmly ;
which is accomphshed by

^J^^^^^^^K;^^ f
upon the roller or drum, like the warp-roller of a loom

J
^lien conducting it up-

wards, between guide rollers, to a receiving or work roller at the top of tl^e macl n^^

where the fillet is held fast by a cramp, by which means the leather s kept stretched

Secondly, the holes are pierced in the leather to receive the wiro staples or teeth ot
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the card, by means of a sliding fork, the points of which are presented to the face of
the leather ; while the fork is made to advance and recede continually, by the agency
of levers worked by rotatory cams upon a revolving main shaft.

The points of the fork being thus made to penetrate into the leather, the holes for
receiving the staples are pierced, at regular distances and in correct order, by shifting
the leather fillet so as to bring different parts of its surface opposite to the points of
the sliding fork. This is done by cams, or indented wheels and gear, which shift
the guide-rollers and confining drums laterally, as they revolve and consequently
move the fillet of leather at intervals a short distance, so as to present to the points
of the fork or piercers at every movement, a different part of the surface of the leather.

Thirdly, the wire of which the teeth or points of the card are to be made, is supplied
from a coil on the side of the machine, and is brought forward at intervals, by a
pair of sliding pincers, which are slidden to and fro through the agency of levers
actuated by rotatory cams upon the main shaft. The pincers having advanced a
distance equal to the length of wire intended to form one staple, or two points, this
length of wire is pressed upon exactly in the middle by a square piece of steel, and
being there confined, a cutter is brought forward, which cuts it off from that part of
the wire held in the pincers.

The length of wii'e thus separated and confined is now, by a movement of the
macliine, bent up along the sides of the square steel holder, and shaped to three edges
of the square, that is, formed as a staple ; and in the same way, by the continued
movements of the machine, a succession of pieces of wire are cut off, and bent into
staples for making the teeth of the card as long as the mechanism is kept in action.

Fourthly,_ the wire staple thus formed is held with its points or ends outwards,
closely contiguous to the forked piercer described above, and by another movement of
the mechanism the staple is protruded forward, its end entering in the two holes made
previously m the leather by sliding of the fork.
While the wire staple is being thus introduced into the leather, its legs or points are

to be bent, that is, formed with a knee or angle, which is the fifth object to be effected.
This is done by means of a small apparatus consisting of a bar or bed, which bears up
against the under side of the wire staple when it has been passed half-way into the
holes m the leather, and another bar above it, which being brought down behind the
staple, bends it over the resisting bar to the angle required ; that is, forms the knee in
each leg. A pusher now acts behind the staple, and drives it home into the leather,
which completes the operation.
The leather being thus conducted, and its position sliifted before the piercer pro-

gressively, a succession of the above-described operations of cutting the wire, formine
the staple, passing it into the leather, and bending its legs to the angular form, produces
a sheet of card of the kind usually employed for carding or combing wool, cotton, and
other fibrous materials It may be necessary to add, that as these wire staples are re-quired to be set in the leathers sometimes in lines crossing the sheet, which is called
ribbed, and at other times m oblique lines, called twilled, these variations are producedby the positions of the notches or steps upon the edge or periphery of the cam, or

"s alrelVd"
''''''' °f l^^^her

w.?^'*??;
^'A"***- (G^irtes djouer, Fr.

; Spiel/carten, Ger.) Playing cards

3ev at ItHMff '"^^^^''y thJ nam^e ofiSSand they are still, in Spain and Portugal, called Naipcs, signifying, in the Oriental Ianguages, dtmnatton. Cards were first painted by haml : the art of printing cards wasdiscovered in Germany between 1350 and ISGof It has been stateTtl7 cards were

FrZ« w J?
-^"^^ °f Castile, prohibited their use. In

Ponh,^r ^i nt
card-playing was practised in 1361 ; and at the end of the 14th

Z,.^' ?
^

""'^'i '''^f^''^
^""^^^1^ ^th cards during his sickness. The

mi?f ^ jnl'ebn.ary 1832, a patent for certain improvements in themanufacture of playing cards, which he distributed under three heads : first printin'

i ^'J?
^'° l^"'^^-' «°"^-t-cards, in oil colours by means of tyS or blocks^secondly, effecting the same in oil colours by means of litliogi^phy

; and thirdly dMine

^y tp^bttlir^^^^^^^^^^^^ '
^Ah^P^rinting procijs,^S

d„coA??'"''''^w'^^°-T"''^^^^^^^^
cards, their devices are partly pro-

i::l^jii7z&r '""^ ^^^^ -ter-coioiSs ^^z
The patentee does not purpose any material alteration in the devices or formsthe cards, but only to produce them with oil colours

; and, to eS this bn L?precisely the same mode as that practised by calico-printers
'
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A set of blocks or typos, properly devised, are produced for printing the different

pips of hearts, diamonds, spades, and clubs, or they are drawn, as other subjects^, in

the usual way, upon stone. The ink, or colour, whether black or red, is io be
prepared from the best French lamp-black, or the best Chinese vermilion ground in oil,

and laid on the types and blocks, or on the stone, in the same way as printers' ink,

and the impressions taken on thick drawing-paper, by means of a suitable -prcHH,

in the ordinary mannf>r of printing.

The picture or court-cards are to be produced by a scries of impressions in diflfereiit

colours, fitting into eacli other exactly in the same way as in printing paper hangings,

or silks and calicoes, observing that all the colours are to bo prepared with oil.

For this purpose a series of blocks or types are to bo provided for each subject, and
which, when put together, will form the whole device. These blocks arc to be used

separately, that is, all the yellow parts of the picture, for instance are to be printed

at one impression, then all the rod parts, next all the flesh colour, then the blue

portions, and so on, finishing with the black outlines, which complete the picture.

If the same is to bo done by lithography, there must be as many stones as there

uro to bo colours, each to print its portion only ; and the impression, or part of the

picture, given by one stone must be exactly fitted into by the impression given from

the next stone, and so on until the whole subject is complete.

A superior kind of card is supposed to be made, with gold or silver devices in

parts of the pictures, or gold or silver borders round the pips. This is to be effected

by printing the lines which are to appear as gold or silver, with gilder's size, in place

of ink or colour ; and immediately after the impression has been given, the face of

the card is to be powdered over with gold-dust, silver, or bronze, by means of a soft

cotton or wool dabber, by which the gold, silver, or bronze will be made to adhere

to the picture, and the superfluous portions of the metal will wipe off by a very slight

rubbing. When the prints are perfectly dry, the face of the card may be polished by

means of a soft brush.

If it should be desirable to make these improved cards to resemble ivory, that may

be done by preparing the face of the paper in the first instance with a composition of

size and fine French white, and a drying oil, mixed together to about the consistence of

cream ; this is to be washed over the paper, and dried before printing, and when the

cards are finished they will exactly resemble ivory.

The only thing remaining to be described, is the means by which the successive

impressions of the types, blocks, or stones forming the parts of the pictiu-es, are to

be brought exactly to join each other, so as to form a perfect whole design when com-

plete ; this is by printers called registering, and is to be effected much m the usual

way, by points in the tympan of the press, or by marks upon the stones.

The parts of the subject having been all accurately cut or drawn to fit, small no es

are to be made with a fine awl through a quire or more of the paper at once, by

placing upon the paper a gauge-plate, having marks or guide-holes, and by observing

these, the same sheet laid on several times, and always made to correspond witli the

points or marks, the several parts of the picture must inevitably register, and produce

In'^the^ye^arended March 31, 1873, there were 1,043,384 packs of cards manu-

factured, on which the stamp duty of Sd. per pack was paid, producing 13,048<. lis.

Playing cards imported at the duty fixed April 8, 1862, at 35. 9d. per dozen packs,

were as follows :

—

1871
Dozen packs

1872
Dozen packs *

-From Belgium 31,301 5,014 o0,090 6,13o

„ Other Countries 5,993 1,598 2,o2Q

37,294 6,612 59,431 8,G55

CARDAMOM. The fruit of the Eletiana
^-^^^f f? ^^^H^b^r °a^

cardamom. Cardamoms are V^o^^^fS^Zf'T^A^^:^^^^Travancore, and the western part of Soonda. ^•^^^^\™'r'
guished in commerce as shorts, short-longs, and hng-looigs The three sorteje^^^^^^^^

from Bombay in chests, the slwrts fetching from Zd. to 6rf. per lb. more than tlio longs.

cSSiScicV'^fifnam? given by the Eussians to the isinglass obtained from

"VS^^»r Large felspar -ystals wMch a.
^^^^^^^^

em

bodied in a regularly constituted rock, as in the gramto of Carlsbad m JJonemia, anu

the granite of some parts of Cornwall. . „_„ptmpntq
CARMBI. A substance used by confectioners for covering sweetmeats.
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CARMIXfB. CARIVUKTIC ACI3>. {Carmin, Fr.
;
Karminstof, Ger.) The

pnlmivino- nrnttcr of the cochineal insect. See Cochineal.

Tliero°aro several methods of preparing carmine, the following being the most

inDroved- Dr. Pereira speaks highly of this process. A decoction of the black

cochineal is made in water ; the residue, called carinhie grounds ,s used hy paper-

stainers To the decoction is added a precipitant, usually bichloride of tin. The

decoction to which the bichloride has been added is put into a shallow vessel and

allowed to rest. Slowly a deposit takes place, which adheres to the sides of the vessel,

and the Hquid being poured off, it is cbied : this precipitate is carmine. The liquid,

when concentrated, is called Liqtiid rouge.
vi ^

By the Old German Process, carmine is prepared by means of alum, without any other

addition. As soon as the water boils, the powdered cochineal is thrown into it, stirred

well, and then boiled for six minutes ; a little ground alum is added, and the boiling is

continued for three minutes more. The vessel is removed from the fire, the liquor is

filtered, and left for three days in porcelain vessels, in the course of which time a red

matter falls down, which must be separated and dried in the shade. This is carmine,

which is sometimes previously purified by washing. The liquor, after tliree days more,

lets fall an inferior kind of carmine ; but the residuary colouring matter may also be

separated by the muriate of tin.
. . , - i.

The proportions for the above processes are 680 parts of clear river water, 16 parts

of cochineal, and 1 part of alum: there is obtained from li to 2 parts of carmine.

Another Carmine with Tartar.—To the boiling water the cochineal is added, and after

some time a little cream of tartar ; in eight minutes more a little alum is added, and the

boiling continued for a minute or two longer. Then take it from the fire and pour it

into glass or porcelain vessels
;
filter, and let it repose quietly till the carmine falls down.

Then decant and dry in the shade. The proportions are 8 lbs. of water, 8 oz. of cochi-

neal, i oz. of cream of tartar, and f oz. of alum ; and the product is an ounce of carmine.

The Process of Alxon or Langlois.—Boil two pails and a half of river water (30 pints),

throw into it, a little afterwards, a pound of cochineal, add a filtered solution of six

cb-achms of carbonate of soda and a pound of water, and let the mixture boil for half an

hour : remove the copper from the fire, and let it cool, inclining it to one side. Add

six drachms of pulverised alum, stir with a brush to quicken the solution of the salt, and

let the whole rest 20 minutes. The liquor, which has a fine scarlet colour, is to be

carefully decanted into another vessel, and there is to be put into it the whites of two

eggs well beat up with half a pound of water. Stir again with a brush. The copper

is replaced on the fire, the alumina becomes concrete, and carries down the colouring

matter with it. The copper is to be taken from the fire, and left at rest for 25 or 30

minutes, to allow the carmine to fall down. "When the supernatant liquor is drawn

off, the deposit is placed upon filter-cloth stretched upon a frame to drain. When the

carmine has the consistence of cream-cheese, it is taken from the filter with a silver or

ivory knife, and set to dry upon plates, covered with paper to screen it from dust. A
pound of cochineal gives in this way an ounce and a half of carmine.

Process of Madame Cenetie of Ainsterdam.,ynth salt of sorrel.—Into six pails of river

water boiling hot, throw two pounds of the finest cochineal in powder ; continue the

ebullition for two hours, and then add 3 oz. of refined saltpetre, and, after a few minutes,

4 oz. of salt of sorrel. In ten minutes more take the copper from the fire, and let it

settle for four hours ; then draw off the liquor with a siphon into flat plates, and leave

it there for tliree weeks. Afterwards there is formed upon the surface a pretty thick

mouldiness, which is to be removed dexterously in one pellicle by a slip of whalebone.

Should the film tear and fragments of it fall down, they must be removed with the

utmost care. Decant the supernatant water with a siphon, the end of which may touch

the bottom of the vessel, because the layer of carmine is very firm. Whatever water

remains must be sucked away by a pipette. The carmine is dried in the shade and
has an extraordinary lustre.

Carmine hy the Salt of Tin, or the Carmine of China.—Boil the cochineal in river

water, adding some Eoman alum ; then pass through a fine cloth to remove the cochineal,

and set the liquor aside. .It become brighter on keeping. After having heated this

liquor, pour into it, drop by drop, solution of tin till the carmine be precipitated.

The proportions arc one pailful of water, 20 oz. of cochineal, and 60 grains of alum, with
a solution of tin containing 4 oz. of the metal.

To make Ordinary Carmine.—Take 1 pound of cochineal in powder ; 3 drachms
and a half of carbonate of potash ; 3 drachms of alum in powder ; 3 drachms and a
half of fish-glue.

The cochineal must bo boiled along with the potash in a copper containing five pail-

fuls of water (60 pints) ; the ebullition being allayed with cold water. After boiling
a few minutes the copper must bo taken from the fire, and placed on a table at such an
angle as that the liquor may bo conveniently transvased. The pounded alum is then
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There are some remarkable peculiarities about the production of carmine. The shadeand character of the colour are altered by slight, very slight, differences of the tem-
perature at which It IS prepared; and with eveiy variation in the circumstance of
Illumination a change is discovered in the colour. Sir H. Davy relates the following
anecdote in illustration of this :—

uiiu«iug

'A manufacturer of carmine, who was aware of the superiority of the French
colour, went to Lyons for the purpose of improving his process, and bargained with a
celebrated manufecturer in that city for the acquisition of his secret, for which he was
to pay 1,000^. He saw all the process, and a beautifid colour was produced, but he
found not the least difference in the French method and that which had been adopted
by himself. He appealed to his instructor, and insisted that he must have kept some-
thing concealed. The man assured him that he had not, and invited him to inspect
the process a, second time. He very minutely examined tlie water and the materials,
wnich were in every respect similar to his own, and then, very much surprised, he
said :

" I have both lost my money and my labour ; for the air of England does not
admit of our making good carmine."—" Stay," said the Frenchman, " don't deceive
yourself; what kind of weather is it now?"—"A bright sunny day," replied the
Englishman. "And such are the days," replied the Frenchman, " upon which I make
my colour

: were I to attempt to manufacture it on a dark and cloudy day, my results
y^onld be the same as yours. Let me advise you to make your carmine on sunny
days."

'
_

Experiments on tliis subject have proved that coloured precipitates wliich
are brilliant and beautiful when they are precipitated in bright sunshine, are dull,
and suffer in their general character, if precipitated in an obscure apartment, or in
the dark.

To revive or brighten Carmine.—"We may brighten ordinary carmine, and obtain a
very fine and clear pigment, by dissolving it in water of ammonia. For this purpose
we leave ammonia upon carmine in the heat of the sun, till its colour is extractetl.
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and tlio liquor has got a fino red tinge. It must then dnawn off and precipitated

bv acetic Jicid and alcohol, next washed with alcohol, and dried. Carmmo dissolved

in ammonia has been long employed by painters under the name of LiqtM carmine.

Carmine is the finest red colour which the painter possesses.^ It is principally

employed in miniature painting, water colours, and to tint artificial flowers, because

it is niore transparent tlian the other colours. This valuable pigment is often adulte-

rated with st<irch. Water of ammonia enables us to detect this fraud by dissolving

the pure carmine, and leaving the starchy matter, as well as most other sophisticating

substances. Such debased carmine is apt to spoil with damp.

CARNAIiIiITE. A hydrous chloride of potassium and magnesium, named after

Yon Carnall, of the salt-mines at Stassfurt, near Magdeburg, in Prussia. The

carnallite occurs in the upper beds of these salt-deposits, known as the ' CarnaUite

region.' It is also foimd under similar conditions at Kalusz in Galicia, and is said to

occur likewise at Maman in Persia. See ABiJAtrM Saxts.

Carnallite occurs massive or in coarsely-granular forms ; when pure it is colourless,

but in most cases it presents a reddish colour due to included six-sided plates oi

micaceous iron-ore (peroxide of iron). The specific gravity of the salt is r6. It

deliquesces in the air, and dissolves freely in water. The formula of carnallite is

2MgCl + KCl+12HO (»I6C12 + KC1+6H02). A specimen of pure carnallita

would therefore contain 34-2 per cent, of chloride of magnesium,^ 26-8 of chloride of

potassium, and 39 of water ; as raised from the mine, however, it generally contains

also chloride of sodium and sulphate of potash, sometimes with organic matter and

microscopic crystals of anhydrite and quartz. The carnallite beds are so intermixed

with the other minerals that the commercial potash-salts known as carnallite contain

only 66 per cent, of carnallite, representing 17^ per cent, of chloride of potassium.

Tlie mineral is associated with rock-salt, kieserite, sylvine, &c. It is largely employed

as a source of chloride of potassium, which is obtained from it by merely treating the

salt with hot water, whereby the readily-soluble chloride of magnesium is dissolved

out. The salt is also used in the preparation of chlorine gas, and in the manufacture

of manures.

CARXfAVBA.. The name of a palm growing in Brazil, the Corypha cerifera.

The fruit is edible. Candles are made from the wax which is obtained from tliB

leaves by melting the coating. The wood is very strong, and used in building.

CARNEIiXAia-, or CORXrEIiIASr. {Cornaline, Fr. ; Karneol, Ger. ; Cornalina,

Ital.) A reddish variety of chalcedony, generally of a clear bright tint ; it is some-

times of a yellow or brown colour, and it passes into common chalcedony through

greyish red. Heintz, by his analysis, shows that the colour is due to peroxide of iron.

He found per cent., Peroxide of Iron 0-050 ; Ahimina 0 081
;
Magnesia 0-028

;
Potash

0-0043 ; Soda 0-075 ; the remainder being Silica.

—

Dana.

Carnelians are the stones usually employed, when engraved, for seals. The French

give to those carnelians which have the utmost transparency and purity, the name of

Cornaline d'ancienne rocke. See Agate.
The late J. Forbes, Esq., long a resident in India, and -with ample means of refer-

ence to the province of Guzerat, thus describes the locality of the carnelian mines :

—

' Carnelians, agates, and the beautifully variegated stones improperly called Mocha
Stones, form a valuable part of the trade at Cambay. The best agates and carnelians

are found in peculiar strata, thirty feet under the surface of tlie earth, in a small tract

among the Eajepiplee hills on the banks of the Nerbudda
;
they are not to be met

with, in any other part of Guzerat, and are generally cut and polished in Cambay.
On being taken from their native bed, they are exposed to the heat of the sun for two
years : the longer they remain in that situation, the brighter and deeper will be the

colour of the stone. Fire is sometimes substituted for the solar ray, but with less

effect, as the stones frequently crack, and seldom acquire a brilliant lustre. After

having undergone this process, they are boiled for two days, and sent to manufacturers

at Cambay. The agates are of different hues ; those generally called carnelians are

dark, white, and red, in shades from the palest yellow to the deepest scarlet.

' The variegated stones with landscapes, trees, and water beautifully delineated

are found at Copper-wange, or, more properly, Cubber-punge, ' The Five Tombs,' a
place sixty miles distant.'

—

Oriental Memoirs, 2nd ed. vol. i. p. 323.

'At Neemoudra, a A'illage of the Eajepiplee district, and three miles east, are fome
celebrated carnelian mines. The country in the immediate vicinity of the mines is but
little cultivated ; and on account of the jungles, and their inhabitants the tigers, no
liuman inhabitants are found nearer than Eattumpoor, which is seven miles off. The
miners have hiits at this place when stones are burned.

' The carnelian mines are situated in the widest parts of the jungle, and consist of
numerous shafts worked down perpendicularly about 4 feet wide, the deepest about
50 feet. Some extend at the bottom in a horizontal direction, but usually not far, the
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frn^"^?*°? Ceratonia Siliqua. This tree is often called St. Jolm's Bread,from the idea that it furmshed the 'locusts' and 'wild honey' to St. John when in

in TvSf/^rf• an evergreen tree of large size, and is the only tree that growsm Malta. It grows abundantly m Palestine. The ripe fruit has a sweetish taste,and IS eaten in times of scarcity by the country people. Large quantities of the
friut are sent annually from Palestine to Alexandria, and thence to Constantinople.
J-Jie liu-Jcs piUp It with hquonce root and other fruits, to make their sherbet. The
baric ,s sometimes, on account of its astringency, employed as a substitute for oakbark in tanning hides M. Mennons, of Paris, has patented the application of the
carob beans to the production of a species of glucose or fermentable sugar adapted to
a variety of manufacturing purposes.
CAROTIzo-z:. The_ coloui-ing principle of the carrot {Baucus Carota), which is

associated in tlie root with a colourless substance called hydrocarotine.CARPET. {Tapis, Fr.
; Teppich, Ger.) A thick woollen fabric of variegated

colours, for covering the floors of the better sort of apartments. This luxurious
maniilacture took its origin in Persia and Turkey, whence the most beautiful patterns
were wont to come into Europe

; but they have been for some time surpassed by the
workmanship of France, Great Britain, and Belgium. To form a just conception of
the elegant and ingenious processes by which carpets are made, we should visit the
btate establisliment of the Gobelins at Paris.
The warp, says Mr. Eoland, being the foundation of the fabric, ought to be of fine

wool, equally but firmly spun, and consists of three yarns twisted into one thread.
The yarns that are to form the velvety surface of the carpet ought also to be of the
best quality, but soft and downy in their texture, so that the dye may penetrate every
filament. Hemp or linen yarns are likewise employed in this manufacture, as a woof,
to bind the warp firmly together after each shoot of the velvety threads. Thus we see
that good carpeting consists essentially of two distinct webs woven at the same time,
and firmly decussated together by the woof threads. Hence the form of the pattern
is the same upon the two sides of the cloth, only the colours are reversed, so that what
was green upon one side becomes red or black upon the other, and vice versd. The
smaller the figures the more frequent the decussation of the two planes, and the firmer
and more dui-able the fabric.

The carpet manufacture, as now generally practised, may be distributed into two
systems—that of double fabrics, and that cut in imitation of velvet. Of late years
the Jacquard loom has been much used in weaving carpets, the nature of which will
be found fidly explained under that title.

For the sake of illustration, if we suppose the double carpets to be composed of
only two colours, the principle of weaving will be easily understood ; for it is only
necessary to raise the warp of each web alternately for the passage of the shuttle, the
upper web being entirely above when the under web is being woven, or decussated,
and vice versd. In the Brussels carpet the worsted yarn raised to form the pile, and
make the figure, is not cut ; in the Wilton the pile is cut to give it a velvety aspect
and softness. In the imperial Brussels carpet the figure is raised above the ground,
and its pile is cut, but the ground is uncut; and in the royal Wilton the pile is both
raised higher than in the common Wilton, and it is cut, whereby it has a rich cushion-
like appearance. The cloth of all these superior carpets consists of woollen and



CARPET 733

l^nPTi hemD • the latter being put upon a beam, and brought, of coui-se, tlu-ough

433

to the threads The number varies, for one web, from 1,300 to 1,800, according as

the carpet is to bo 27 or 36 inches wide ; and they are placed, m frames, behind the

loom tilled ^vith differently-coloured yarn, to correspond with the figure. This

worsted warp is then drawn through the harness, heddles, and reed, to be associated

with the linen yarn in the compound fabric.
* ^i, wi

lu Kidderminster carpeting, both warp and weft appear \ipon the face of the cloth,

whereas in the Brussels style, only the warp is seen, its binding weft being fine

hempen 'or linen threads. The three-ply imperial carpet, called the Scotch, is coming

verv much into vogue, and is reckoned by many to be little inferior m texture, look,

and wear to the Brussels. Kilmarnock has acquired merited distinction by this

iuoonious industry. In this fabric, as weU as in the two-ply Kidderminster, the weft

predominates, and displays the design; but, in the French carpets, the worsted warp

of the web shows the figm-e. Plain Venetian carpets, as used for stains and passages,

are woven in simple looms, provided merely with the common heddles and reed.

The warp should be a substance of worsted yarn, bo heavy as to cover in the weft

completely from the view. Figured Venetian carpets are woven in the two-ply Kid-

derminster looms, and are provided with a mechanism to raise the pattern upon the

worsted warp. The weft is an alternate shoot of worsted and linen yarn, and must

be concealed.

The following figure and description

will explain tlie construction of the

tliree-ply imperial Scotch and two-ply

Kidderminster carpet loom, which is

merely a modification of the Jacquard

metier. The Brussels carpet loom, on the

contrary, is a draw-boy loom on the

damask plan, and requires the weaver to

have an assistant. Figi. 433, A A a, is the

frame of the loom, consisting of four

upright posts, with caps and cross-rails

to bind them together. The posts are

about six feet high, c c, the cloth-beam,

is a wooden cylinder, six inches or there-

abouts in diameter, of sufficient length

to traverse the loom, with iron gudgeons

in the two ends, which work in bushes

in the side frame. On one end of this

beam is a ratchet wheel, with a tooth to

keep it from turning round backwards

by the tension of the web. d, the lay,

with its reed, its under and upper shell,

its two lateral rulers or swords, and rocking-tree above. There are grooves in the

upper and under shell, into which the reed is fitted, e, the heddles, or harness, with
a double neck attached to each of the tower or card mechanisms, f f, of the Jacquard
loom. The heddles are connected and
work with the treddles b b, by means of 434
cords, as shown in the figure, g g are

wooden boxes for the cards, h, the

yarn, or warp beam.
In draw-looms of every kind, there is

no sinking of any portion of the warp,

as in plain cloth-weaving; but the

plane of the cloth is placed low, and the

threads under which the shuttle has to

pass are raised, wliile all the rest re-

main stationary. The harness part of

this carpet-loom is moved by an assistant

boy or girl, who thus allows the weft to

be properly decussated, while the weaver
attends to working the front mounting
or heddles. Fiq. 434, a represents tlie frame of a carpet draw-loom ; b is a box
or frame of pu'lHes, over which the cords of tlie harness pass, and are tlien made
fast to a piece of "wood, seen at e, which the weavers call a table. Prom the tail of
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,f^t«°d'^d th^loom, red flowers are to be represented upon a blackgiound, then all those species of design paper which are coloured may be supposed torepresent the red, and those which are vacant the black. Then counting tTspacSupon the paper, omit those which are vacant, and cord those which are coloured, and

tlie effect will be produced But as the two webs are to be raised alternately, What-
ever IS corded for the first handle must be passed by for the second, and vice versd, so
that the one will form the flower, and the other the ground
The board by which the simples are regulated appears at f. d shows the weights.

^
Mr. Simcox, of Kidderminster, has patented an invention for an improved manu-

facture of carpets, in which, by dispensing with the Jacquard loom, as well as the iron
wires and tags usually employed to produce terry fabrics, such as Brussels carpets and
coach-lace, he can work his machinery at greater speed and more economically. His
second Improvement relates to the manufacture of fabrics with cut pile, such as Wilton
or Axminster carpets.

_
He makes a ribbed fabric, greatly resembling the Brussels

carpet, by a combination of woollen and linen warp and weft, arranged in such a
manner that the woollen warp in the form of a ribbed surface may constitute the face
oi the fabric, while the Imen warp forms the ground or back of the fabric. The plan
he prefers, as most resembling tlie Brussels, consists in weaving the fabric as nearly
as possible in the ordinary way, except that, instead of inserting a tag or wire to form
the rib or terry, the patentee throws in a thick shoot or weft of woollen or cotton, over
which the woollen warp is drawn, and forms a rib; the woollen warp being afterwards
bound down with a linen shoot or weft in the ordinary way. The woollen warp
employed being all of one colour, the fabric produced will be plain or unornamented,
with a looped or terry pile ; and upon this fabric any design may be printed from
blocks.

The looms differ from the former chiefly in the employment of two separate shuttles,
one for the woollen and one for the linen weft. These shuttles are both thrown by the
same pickers and the same picking-sticks, and consequently the shuttle boxes must be
moved up and down as may be required, in order to allow the picker to throw the
proper shuttle. It will also be necessary to work the healds in a suitable manner to
form the proper shreds, in order that the woollen face may be properly bound to the
linen ground.

The second part of his invention relates to the production of fabrics with a cut pile,

like the Axminster or Wilton rugs or carpets. The ordinary mode of making some
of these fabrics is to weave the pattern in by means of a Jacquard apparatus, and pass
the woollen warp over a rod or tag, which is afterwards cut bypassing a suitable knife
along it, thereby producing Uie cut pile. The patentee produces the design and surface
of the fabric from the weft in place of the warp as heretofore. For this purpose the
weft is made to consist of thick woollen slioots, which must be printed or stained
with suitable colours, precisely as the woollen warps have been heretofore done ; and
the woollen slioot, when thrown in, is, by means of suitably formed hooks, pulled
up and turned into loops, whicli, when they are properly secured to the foundation
or ground of the fabric, are afterwards cut by means of knives or cutting instruments,

with which the hooks are furnished, for the purpose of releasing them from the
loops and producing the cut pile. The patentee observes, that cotton and other cheap
materials may be employed with great advantage in the production of some of these
fabrics.

Another invention of improvements in manufacturing figured fabrics, principally
designed for the production of carpeting, patented by Mr. Jaroes Templeton, of
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Glasgow, consists in producing the pattern either on one or both sides of the fabric,

by means of printed weft ; also in tlie use of printed party-coloured fur or weft, in the

manufacture of Axminster carpets and other similar fabrics. This invention is also

applicable to the production of figured chenille weft for the manufacture of chenille

snawls.—Under the arrangements of the Patent Office the specifications of these

patents are cheaply obtained.

Carpets, Pkinted. Mr. "Wood lias taken out a patent for weaving and printing carpets,

using an ordinary Erusscls carpet loom. After putting in the wire, or otherwise form-

ing the loop, he throws in the usual linen shoot, on the face, to bind it; and then, for

the back shoot, he throws in a thick soft weft. Or, to make a better edge and more
elastic back, he employs the ordinary two linen shoots,—one on tlie face, and the other

in the back,—and then (or before throwing in the second linen shoot) he draws down
only one-half of the lower portion of the linen warp (being one-quarter of the whole),

and throws in the thick shoot which is driven up by the batten or lay, so as to cover

the second linen shoot, which is then inside the fabric : from the thick shoot being bound
otdy by each alternate yarn of the warp, it will be more elastic than if bound more
closely by using every yarn ; while the second linen shoot, having half the warp over it,

holds down the face or first shoot ; and any inequality in the taking up of the linen

warp by one portion of it binding in a greater substance than the other, is remedied
by drawing down the different portions in succession.

In printing Brussels and other pile carpets, the patentee first provides a table, long
enough to receive the entire length or piece of the carpet to be printed : at each end
of the table there is a frame of the some height or level, sufficiently long to receive the
cylinder printing-machine when off the fabric ; and on the surface of the table the
printing blanket is laid between two rails or guides, which are fixed at exactly the
same distance apart as the carpet is wide, so as to keep it in one position, and to form
the guides for the printing cylinders. The carpet is fastened to one end of the table,
and is then laid on the top of the same, and drawn tight at the other end by a roller,

which is furnished with a ratchet wheel and click. The printing cylinders are
mounted in a moveable frame, containing a corresponding number of colour cans and
feeding rollers, to supply them with colour. The printing apparatus is passed over
the table, and between the guide rails (the patterns on the cylinder being coloured, and
bearing upon the carpet), to the frame at the other end of the table, and then back
again ; and this process is repeated until the fabric is sufficiently coloured. In order
to insure each part of the pattern or printing surface coming again and again on the
same place, toothed wheels are affixed on the axis of the printing cylinders, which
gear into racks fixed on the sides of the table ; so that, however frequently the printing
apparatus passes over the fabric, every part of the pattern will fall on the same place.
Instead ofthe printing apparatus being passed back again over the same table, it may,
by the application of moveable frames at the end of the table, be moved sideways on to
another table, and so successively. See Kugs.
CARPHOIiXTE. A silicate of manganese, alumina, and iron, found in the tin-

mines of Schlackenwald in Bohemia.
CARPMEAIiS. The name of a coarse cloth which used to be manufactured in

the Isorth of England.
CaRRAGEZSKT. Chondrus crispus : Irish moss. See Axois.
CARRAGEEnrill'. The mucilaginous constituent of carrageen moss. It is

called by some writers vegetable jelly or vegetable mucilage, by others vectin. ' It
appears to me {Fereira) to be a peculiar modification of mucilage.'CARRASA MARBLE. A fine-grained white marble largely quarried at
Carrara in Tuscany, and valued as a statuary marble.
CARROXI.ITE. A sulphide of cobalt and copper. Brush regards the mineral

as cobaltic pyrites m which a portion of the cobalt is replaced by copper
CARTRAMirs, or Safflower. {Carthame, Fr.

; Fdrberdistel, Ger.) Car-
thamus tmctorius, the flower of which alone is used in dyeing, is an annual plant
cultivated in Spain, Egypt, and the Levant. There are two varieties of it-one which
has large leaves, and the other smaller ones. It is the latter which is cultivated in
-bgypt, where it forms a considerable article of commerce.

Carthamus contains two colouring matters, one yellow and the other red. The first
alone is soluble in water: its solution is always turbid; with reagents it exhibits the
characters usually remarked in yellow colom-ing matters. The acids render it lighter
the alkalis deepen it, giving it more of an orange hue ; both produce a small dun ere'
cipitate, m consequence of which it becomes clearer. Alum forms a precipitate of adeep yellow, in small quantity. The solution of tin and other metallic solutions causn
precipitates which have nothing remarkable in them.
The yellow matter of carthamus is not employed; but in order to extract this mr

tion, the carthamus is put into a bag, which is trodden under water, till no more
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colour can be prossod out. Tho flowors, wliicli woro yellow, bocomo reddish, and
lose in this operation nearly one-luilf of their weight. In this state they are used.
For extracting the rod i^art of carthamus, or carthamic acid, and afterwards applying

it to stuff, tho property which albilis possess of dissolving it is had recourse to, and it

is precipitated by an acid.

Tho process of dyeing consists, therefore, in extracting tho colouring matter by
moans of an alkali, and precipitating it on the stuff by moans of an acid.

This solution of carthamus is prepared with crystallised carbonate of soda, and it is

precipitated by lomon-juicfl. It has been remarked that lemons beginning to spoil

are fitter for this operation than those which aro less ripe, whoso juice retains mucli
mucilage. After squeezing out the lomon-juice, it is left to settle for some days.

The precipitate of carthamus is dried at a gentle heat upon plates of stone-ware

;

from which it is detached ajid veiy carefully ground with talc which has boon reduced

to a very subtle powder by means of tho leaves of shave-grass {frede), and succes-

sively passed through sieves of increasing fineness. It is the fineness of the talc, aud
the greater or loss proportion which it bears to tho carthamus precipitate, wliich cou-

gtituto the difference between the high- and low-priced saSlower rouges.

Carthamus is used for dyeing silk, poppy, nacarat (a bright orange-red), cherry,

rose-colour, and flesh-colour. The process differs according to tho intensity of the

colour, and the greater or loss tendency to flame-colour that is wanted. But the car-

thamus-bath, whose application should be varied, is prepared as follows :

—

The carthamus, from which tho yellow matter has been extracted, and whose lumps

have been broken down, is put into a trough. It is repeatedly sprinkled with crude

pearl-ashes or soda, well powdered and sifted, at tho rate of 6 lbs. for 120 lbs. of car-

thamus ; but soda is preferred, mixing carefully as the alkali is introduced. This

operation is called amestrer. The aTnestred carthamus is put into a small trough with

a grated bottom, first lining this trough with a closely-woven web. When it is about

half filled, it is placed over a large trough, and cold water is poured into tho

upper one till the lower one becomes full. Tho carthamus is then set over another

trough till tho water comes from it almost colourless. A little more alkali is now

mixed with it, and fresh water is passed through it. These operations are repeated

till the carthamus be exhausted, when it turns yellow.

After distribiiting the silk in hanks upon tho rods, lomon-juice, brought in casks

from Provence, is poured into the bath till it becomes of a fine cherry-colour ; this is

called turning tho bath. It is well stirred, and the silk is immersed and turned round

tho skein-sticks in the bath, as long as it is perceived to take up tho colour. For

ponceau (poppy-colour), it is withdrawn, the liquor is run out of it upon the peg, and

it is turned through a now bath, where it is treated as in the first. After this it is

dried and passed through fresh baths, continuing to wash and dry it between each

operation, till it has acquired the depth of colour that is desired. When it has reached

the proper point, a brightening is given it by turning it round tho sticks seven or

eight times in a bath of hot water, to which about half a pint of lemon-juice for each

pailful of water has been added.
_ • , , •, j

When silk is to be dyed ponceau, or poppy-colour it must be previously boiled as

for white ; it must then receive a slight foundation of arnatto, as explained in treating

of that substance. The silk should not be alumed.
. , ,.,

The nacarats, and the deep cherry-colours, are given precisely like tho ponccaux

only they receive no arnatto ground; and baths may be employed -which have served

for the ponceau, so as to complete their exhaustion. Fresh baths are not made for the

latter colours, unless there be no occasion for the poppy. .nr. ,

With regard to the lighter cherry-reds, rose-colour of all shades, and flesh-colours,

tliey are made with the second aud last runnings of tho carthamus, which are weaker.

The deepest shades are passed through first.

Tho lifrhtest of all these shades, which is an extremely delicate flesh-colour, re-

quires a little soap to be put into the bath. This soap lightens the colour, and pre-

sents it from taking too speedily, and becoming uneven. The silk is then washed,

Ind a little brightening is given it in a bath which has served for the deeper colours

AH tl ose baths are employed the moment they are made or as speedily as possible,

bo^use they lose much of their colour upon keeping, by which they are even ontirely

deSroved at the end of a certain time. They are, moreover, used cold, to proven the

cctXom being injured. It must have boon remarked in
tb-forrSrJSfmt

scribed, that the caustic alkalis attack the extremely delicate colour of
^^^^^^^^^^^

making it pass to yellow. This is the reason why crystxils of soda are protened to tlie

other alkaline matters. • ^.i ,,,„nf?/.n in nr^rijirino-

In order to diminish the expense of the carthamus, it is tle
P/f^f'J^^^^gP^'g'^

the deeper shades to mingle ^nth tho first aud tho second bath about one-fifth ot the

bath of archil.
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Dobereiner regarded the rod colouring matter of carthamus as an acid, and the yellow

as a base. His earthamic acid forms, with the altalis, colourless salts, decomposed

by the tartaric and acetic acids, 'which precipitate the acid of a bright rose-red. Heat
has a remarkable influence upon carthamus, rendering its red colour yellow and dull.

Hence, the colder the water is by which it is extracted, the finer is the colour.

Light destroys the coloxu^ very rapidly, and hitherto no means have been found of

counteracting this effect. For this reason this brilliant colour must be dried in the

shade, its dye must be given in a shady place, and the silk stuffs dyed with it must be
preserved as much as possible from the light. Age is nearly as injurious as light,

especially upon the dye in a damp state. The colour is very dear : a thousand parts

of carthamus contain only five parts of carthamine.

In preparing the finest rouge, the yellow colouring matter having been separated by
washing with water, the red is dissolved by the aid of alkali, and is thrown down on
linen or cotton rags, by saturating the solution with vegetable acid. The colour is

rinsed out of these rags, dissolved anew in alkalis, and once more precipitated by
lemon-juice. The best and freshest carthamus must be selected. It is put into linen

bags, which are placed in a stream of water, and kneaded till the water runs off colour-

less. The bags are then put into water soured with a little vinegar, kneaded till the
colour is all expelled, and finally rinsed in running water.

There is a considerable consumption of safflower in the manufacture of rouge, for

which there is a far greater demand than is generally supposed, this colour being
employed not only as a ' toilet appendage ' of the monde, but for theatrical use.

Eouge consists of carthamine and very fine burnt talc made into a paste with water.
It is made of five regular shades, known as Nos. 6, 8, 12, 18, 24, varying in depth of
colour as the numbers increase ; Nos. 6 and 8 are used by fair beauties, No. 12 is

medium, while Nos. 18 and 24 are for dark complexions.
Pink saucers, formerly in great request for dyeing silk stockings at home, and even

now not wholly unknown to trade, consist of a shallow porcelain saucer into which a
film of carthamine has been allowed to precipitate, and then is dried. The Chinese make
a ' Book Eouge ' in a somewhat similar way ; a very strong solution of the carthamine is
brushed over a cardboard, which when dry ' is fit for ladies' use.' The card is, how-
ever, no longer pink or red, but of a beautiful metallic green colour due to some
special optical reason not yet explained ; the pink saucers made in England exhibit in
a very slight degree the samfe effect, which the surface of indigo also in some
measure resembles.

Carthamus is the material used for dyeing ordinary red tape, and there is a curious
prejudice against using other colours for this purpose, the trade objecting to any
deviation from the conventional shade.
SaMtat has found it advantageous to mix the red of safflower with the pigments

used in porcelain painting for purple, carmine, and violet, colours which, in conse-
quence of the difference of their shade before and after firing, are very liable to mis-
lead. To avoid this, he imparts to the pigment (consisting of flux, gold-purple, and
chloride of silver) by means of the red of carthamus suspended in water, the same
shade which he desires to obtain after firing.
The colouring matter of safflower has been examined by Salv6tat, who has found

much difference m carthamus of reputed good quality. The following Table gives
some of his results :— •/ o &

Water ....
Albumen ....
Yellow colouring matter, a

>> )) II h

Extractive matter
Waxy matter .

Carthamine
Woody fibre

Silica ....
Sesquioxide of iron and alumina

I, „ manganese .

1 2 3 4

6-0 11-5 4-5 4-8
3-8 4-0 8-0 1-7

27-0 30-0 30-0 26-1
3-0 4-0 6-0 2-1
5-0 4-0 6-0 4-1

ro 0-8 1-2 1-5
0-5 0-4 0-4 0-6

60-4 41-77 38-4 56-0
2-0 1-5 3-5 1-0
0-6 0-1 1-6 0-5
0-1 0-1 0-3

_

CARTOTT PIERRE. A composition of paper mixed with whiting or glue forimitating stone or bronze. See Papier Mache. ^

.r?^^^^V*\
The fruit of the Genipa Americana, a native plant of British Guianayields^tho dye to which this name is given. ^It is of a beautifSl bluish-black co™'
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CAZIVZN'G' BY IMCA.CHZII'&RT is an art of comparatively modern date, nearly,

if not the wliolo of tho originators and improvers of it, being men of the present
day.^ It is true that tlio Medallion Lathe and many other appliances for ornamental
tiu-uiug and drilling can claim a much earlier origin, but those can scarcely be called
carving machines, and are altogether iucapalilo of aiding tho economy of producing
architectural decorations of any kind. Wo are not aware of any practical scheme
for accomplishing this object prior to tho patent of Mr. Joseph Gibbs, in 1829,
which we believe was used by Mr. Nash in ornanienting some of tho floors of Buck-
ingham Palace, and on many otlior works of inlaying and tracery. Tho cutting of

ornamental forms in low relief seems to lifivo boon tho principal object of the in-

ventor
; and this ho accomplished satisfactorily by a series of ingenious mechanical

arrangements, which greatly reduced tho cost, while securing unusual accuracy in

this kind of work. Some modifications of machinery for copying busts, bosses, and
other works in bold relief are also described in Mr, Gibbs's patents, but these were
never carried into successful practice. The tracery and inlaying machine is illus-

trated by fig. 435, which is a plan of tho machine. A is a shaft capable of vertical

motion in its bearings, which are in the fixed framing of the machine
;

B, c, and

D, E, aro swing frames jointed togetlier by a short vertical shaft a, and securely

keyed to tho shaft a. The point b is tho axis of a revolving tool, which is driven

435

by the belts c, d, c, and the compound pullies / g, h, which increase the speed at each

step ;
F, G, H, is the table on which the work is fixed ;

i, k, the work ;
and k, I, a templet

of brass pierced with the horizontal form of the pattern to be j^roduced m the wood
;

this templet is securely fixed on the top of the work, or over it, and the macluno is

adjusted for action.
* T^i.

There is a treadle, not shown in the figure, which enables the workman to lift or

depress the shaft A, and the swing frames and tool attached to it; he can thus com-

mand the vertical position of the tool with his foot, and its horizontal position \^ith

his hand by the handles m, n, which turn freely on a collar of the swing frame

surrounding the mandril or tool holder. The tool having been brought over one of

tho apertures of the templet when in rapid action, is allowed to sink to a proper

depth in the wood underneath, and tho smooth part of its shaft is then kept in contact

with the guiding edges of the templet and passed round and over the entire surface

of tho figiirc, until a recess of tho exact size and form of that opening in tho temp-

let is produced; this process is repeated for every other opening, and thus a series of

recesses aro formed in the oak flooring-planks whicli correspond with tho design of

the templets used. To complete tho work it is'reqtuisite to cutout ot some darker
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or differently colourod material a number of thin pieces which will fit tliose recesses
and these nro produced in the same way from templets which will fit the various
apertures of that first used ; these pieces are next glued into the recesses and the
surface when planed and polished exhibits the pattern in the various colours used
For inlaying it is important that the cutting edge of the tool should travel in the
same radius as the cylindrical shaft, which is kept against the edge of the templet •

but if the tool is a moulded one, a counterpart of its mouldings will bo produced in
the work, while the pattern, in planes parallel to that of the panel, will have the form
of the apertures in the templet used. In this way, by great care in the preparation
of the templets and the tools, much of the gothie tracery used in church architecture
may be produced, but the process is more applicable to Bath stone than to wood when
moulded tools are requisite.

_

Mr_. Irving's patents for cutting ornamental forms in wood and stone are identicalm principles of action and in all important points of construction with the arrange-
ments previously described. In that of 1843 he particularly claims all combinations
for accomplishing the purpose, 'provided the swing frame which carries the cutter
and also the table on which the article to be wrought is placed, have both the means
ot circular motion.' The pierced templet is the guiding power, and the work and
templet are fixed on a circular iron table, which is at liberty to revolve on its axis
ihe swing frame which carries the cutter is single, as in Mr. Gibbs's curved moulding
machine, and its radius so adjusted, that an arc drawn by the tool would pass ove?
the centre of the circular table. The mode of operating with this machine was to
keep the shaft of the tool against the guiding edge of the templet, by the ioint move-
ments of the table on its centre, and of the swing frame about its shaft ; and it will
be obvious that by this means any point of the table could be reached by the tool and
therefore any pattern of moulded work within its range produced, in the way alreadv
described in speaking of Mr. Gibbs's machinery. But as these modifications of the
original idea are not, strictly speaking, carving machines, seeing that they onlv pro-duced curved mouldings, we need not further describe them.

> J

Perhaps the most perfect carving machine which has been made for strictlv artisticworks IS that used by Mr. Cheverton for obtaining his admirable m^SSe Educ-tions of lile-sized statuary
; but we can only judge of the perfection of this machine

St maZk pTbhf
^^^^ '''''''y '^^^^ l^as

_

The carving machinery which is best known, and has been most extensively usedIS tha invented by Mr. Jordan and patented in 1845, and was used inToducfnrthacarved decorations of the interior of the Houses of Parliament
P^oaucmg tna

Its principle of action and its construction are widely different from that abnvn
described, and it s capable of copying any carved design wMc?Sn bo produced lofar as that is possible by revolving tools

; the smoothnest of surface and sharpnei offinish IS neither possible nor desirable, because a keen edge guided byTSSedhand will not onlyproduce a better finish, but itwiU accomplish%his parLf the workat less cost
;
the only object of using machinery is to lessen the cost of productiororto save time
;
and in approaching towards the finish of a piece of cLFng thesis atime when fiirther progress of the work on the machine would be morf eSensivahan o finish it by hand. This arises from the necessity of using smaS too^stowards the finish of the work to penetrate into its sharp recesres LTH/rr,.^!!

sarily slow rate at which these cuta^ the material ; it T.^^^^^^^^l^^^^commercial calculation, how far it is desirable to finish on the machine IndThen todehver it into the hands of the artist, so as to secure the greatest economv ThSdepends in a great measure on the hardness of the material; rosewood ebonv boxivory, and statuary marble, should be wrought verv nearlv ^ flr^Li; i\ v ,
^'

and other soft woods should only be ro^hly poS^ ^ '
^""^

Fig. 436 is a plan of the macliine. Jig. 437 a front elevation nnrl aqq o -a
elemion. The same letters indicate t£%ame partsTn alHS fibres -^The carvt^machine consists of two distinct parts, each having its own tTecnW ^".f f^-^
dependent of the other, but each Capable of ^<i^ni:^X£^lnT^Zr:^^itho_ other. The first, or horizontal part, is the bod plate, ' fioating tab o

'

fcowhich the pattern and work are fixed ; all the motionq nf \^.\. V.t f ,

'

The second: or vertical part, is that which Irrirtr cler an? h
motion of which, except the revolution of the tools is vertical

'
'''^'^

The horizontal part consists of three castings : The bed plate a n T^ i
•

i, •

a railway support.ed on piers from the floor and fixed strictly Lei Th«frame, i, j, k, i, mounted on wheels and travelling on the bed plate 'fln/i
''^.^jy^^g

this frame are planed into (v) rails), and the ' floating-teble ' m t i ^
lo^.g sides of

mounted on wheels to travel on the rails of the cai^ng fr^^^^
'floating-tablo' because it can bo moved in any horiSntaVSctiou with afmfst as3 B 2
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much facility as if it -were a floating body. Primarily this table lias two straight-

linocl motions at right angles to each other, but by combination of these it may move
over any figure in a horizoutiil plane ; and because this is accomplished without an-

gular motion about a centre, every point in the surface of tlie table moves through the

same figure at the same time ; hence the power of producing many copies of a pattern

simultaneously.

The second, or vortical part of the machine, is a cast-iron bridge suppprted on

columns across the centre of the bed plate ; on the centre of this bridge piece is a

wide vortical slide, 5, 6, with a (t) slotted bar on its lower edge ; to this bar the_man-

dril heads or tool holders, 9, 10, 11, are bolted, at such distances apart as suit tho

width of the work in hand, and in such iraml:ers as it is convenient to work at one time.

If the framing of the machine is massive and well fixed, six or eight narrow pieces

may be carved at once ; but if the width of the work is equal to half that of the table,

436

^^i hi' ,r h\ i i _

nnlv one can be done, as in that case half the table is required for the pattern. The

toCn of tie vertical slide is governed by the workman's
-J,^^^^^^^^^

at s balance-weights are placed, so as to ^^f^J^he force with wbc^^^^^^

descend on the work; any pressure on the foot-board e bfts the slide, ana wiui

nrnrnttftaStal part of the machine, cZ, .,/, the Pat^n -
^^^^^^^^^

carving which is to be copied, and h, k, two copies ?n progress. The movements

ofTe^floating table are managed by the ^.^/Sf.Sr^n t to^^^^
left hand, on I directs the lateral mo^^^^^^^^ the J--- t^^^^'f.i^^^^ ^
longitudinal motion on the bed plate; the lett-Hana nioyement j

the^cord X, X, which is fixed to,^--k°ts w, w, n^^^^^^^^^

turn round a small pulley on axis of the wheel 1^^°
^j^,

communicated by the cord z ^^ich s fastened to ^^^^
^^^^^^

/
g^,

makes one or two turns round the pulley k. wnen ac worjv, uuo
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tho frame of tlio bod plato, with liis riglit foot on tho board a and his Iiands on the
stooring whools ; on rulouKing tho prossuro of tho foot tlio \'cTtiwil slido descends by
its uubakneoil weight until tho tracor h comos in conttict ivitli tlio puttorn ; tlio cut-
ters VI, m, are made to rovolvo by stoam-powor at tho rate of seven thousand times
per minute,.and aro so shaped as to cut like a revolving gouge, so that they instantly

cut away all tho superfluous material they come in contact with
;
and, by tho time tho

tracer has been brouglit over every part of tho pattern, tho pieces h, i,j, k will liavo

become exact copies of it.

So far as panel carving is concerned the whole machine has been described ; but it

is requisite to elaborate its construction a little mo*e for the purpose of carving on
the round, and copying subjects which require the blocks to be cut into in all possible

directions. Various modifications have boon used, but we shall only explain that

wliicli we think best adapted to ornamental carving. It is not requisite that we
should go into tho various applications of this machine, to tho manufacture of printing

blocks, ships' blocks, gunstocks, letter cutting, tool handling, cabinet shaping, &c. &c.,

all of which have been shown from time to time to bo within its power; nor is it

requisite to describe more recent inventions founded on it, as they will more properly

come under other heads.

AVhen the machine is intended to copy any form which can bo carved by hand, tho

floating table is diflEbrently constructed, but all other parts remain as before. In the

floating table used for this purpose, there is an opening in the centre of the table, and a

tm-ning plate, which is mounted a few inches above the level of the table, to turn in

bearings in standards. Underneath the turning plate, and forming a part of it, there

is an arc of rather more than half a circle, haA-ing its centre in the axis on which the

plate turns, and this arc is cogged on its edge to fit tho threads of the tangent screw

on the axis of the wheel, so that by turning this wheel, and dropping its detent into

any cog, tho worlanan can fix the plate at any angle Avith the horizon. There are

throe chucks fitted into sockets of the turn plate, and these are similarly divided on

their edges by holes or cogs, into which detents fall, so as to secure them steadily in

any required position.

In going through the process the workman will, of course, attack the work when it

is placed in a favourable position for tho tools to reach a large portion of its surface

:

and having completed as much as possible on that face, he would turn all the chucks

through the same number of divisions ; the pattern and work will still have the same

relative position to each other as before, but an entirely new face of both will be pre-

sented to the tools ; this will be carved in like manner, and then another similar

chano-e made, and so on until all has been completed which can be reached without

changing the angidar position of the turning plate. This can be done by the wheel,

and when a sufficient number of these changes have been gone through, the work wiU

be complete on every face, although the block may have required to be pierced through

in fifty different directions.—T. B. J.
, . , ^- ^ •

Notwithstanding the remarkable ingenuity displayed m the construction of this

carving machine, it has not been so largely used as might have been expected. In aU

cases where repetitions are required its advantages are obvious, yet prejudice appears

to have stood in the way of its general adoption.
_

CA.SCAXiHO. After the first washing of sand for gold there is a deposit lett, and

this, in Brazil, is called CascaUio. The name is also given to the alluvial soil in which

Brazil diamonds are found.
, , ^ mi •. i ^ ^ i n

CiiSCAZ£IX<I.A BARK. (Spanish, Cascara, bark.) The bark of Croi!o» eleiithena

and C. cascarilla, both of which shrubs grow in the West Indies. The bark possessing

tonic properties is used medicinally.
, . , . ^ ^ ^ r

CASB-HARBBWING is the name of the process by which iron tools, keys, 6cc.,

have their siu'faces converted into steel.

Steel when very hard is brittle, and iron alone is for many purposes as for fane

kevs far too soft. It is therefore an important desideratum to combine the hardness

S steelv surface with the toughness of an iron body. These reqmsites are united

bv the %rss of case-hardening, which does not differ from the making of steel

Scept in the shorter duration of the process. The property of hardening is not

™sed bv pure malleable iron; but by a partial process of cementation the iron is

L™ed e^xteralTy into steel, and is subsequently hardened to that particulaj

Zr Tools utenJils, or ornaments, intended to bo polished, are first manufactured

in^on and tarly fini hed. after which they are put into an iron box, together with

;:^Lwe ox aSal charcoal in powder, and ^^^^^^J^ ^^^'^^Zilyll^
treatment converts the external part into a ^ofng of steel, wh^^^^^

thin, because the time allowed for the cementation ^^jnudi Jortor t^^^^^^

whole mass is to bo converted into steel. J—s^o"
Sods

hardens the surface, which is afterwards polished by the usual methods.
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When the case-hardening is required to terminate at any particular part, as a

shoulder, the object is loft with a band or projection; the work is allowed to cool

without being immersed in water ; the band is turned off, and the work, when hardened

in the open fire, is only effected as far as the original cemented surface remains. This

in<»enious method was introduced by Mr. Koberts, of Manchester.^ who considers the

success of the case-hardening process to depend on the gentle application of the heat;

and that, by proper management not to overheat the work, it may be made to penetrate

three-eighths of an inch in four or five hoiirs.

—

Holtsapffel.

The application of prussiate (ferrocyanide) of potash to this purpose is a very

interesting chemical problem. The piece of iron, after being polished, is to be made
brightly red-hot, and then rubbed or sprinkled over with the above salt in fino

powder, iipon the part intended to be hardened. The prussiate being decomposed,

and apparently dissipated, the iron is to be quenched in cold water. If the process

has been well managed, the surface of the metal will have become so hard as to resist

the file. It has been proposed to smear over the surface of the iron with loam made

into a thin paste with a strong solution of the prussiate, to dry it slowly, then expose

the whole to a nearly white heat, and finally plunge the whole into cold water, when
the heat has fallen to dull redness. See StebI/.

CASEXir (from Caseus, the Latin name for cheese). The principal part of the

nitrogenised matters contained in the milk of mammiferous animals is casein. It

forms the greatest part of cheese. It is coagulated by acids, but not by heat—in this

it differs from either fibrine or albumen ; it is also coagulated by rennet as in the

curding of milk. See Watts's ' Dictionary of Chemistry.' See Rennet.
Casein is used by the calico-printer as a mordant. With lime it forms a good

cement, and with borax it has been used as a substitute for glue.

CASHEW wrUT. The fruit of the Anacardium ocoideniale of the West Indies.

See Anacabditjm Nut.
CASHIVXEBZ: or CACKSIWCEBB, a peculiar textile fabric fiirst imported from

the kingdom of Cashmere (Kashmir), and now well imitated in France and Great
Britain. The material of the Cashmere shawls is the downy wool found about the

roots of the hair of the Tliibet goat. The Oriental Cashmere shawls are woven by
processes extremely slow and consequently costly, whence their prices are very high.

Prices of Cashmere shawls of various sorts kindly given by a gentleman who has
resided at Cashmere for many years :

—

£ £ s.

1. Plain pashmina,' 6 ft. square from 3 to 4 10
2. Pashmina, deeply embroidered

, 7 „ 9 0
3. Doshala, or long and wide scarf of pashmina, with shawl-

work at the edges and ends, as worn by the natives . „ 10 „ 30 0
4. Square shawl (loom-made), 6 ft. square . . . . .-,30 „ 60 0
5. Long shawl (loom-made) . . . . . . . „ 50 „ 120 0

It is 4 and 5 that are the Cashmere shawls proper ; the most usual article in the
European market is a long shawl costing 601. or 70^. in Cashmere.

Finer sorts are made occasionally (as by order of the Maharaja for presents to the
Queen), whose value is as much as 300^.

The finest ever made was presented by the Maharaja to the Duke of Edinburgh at
Lahore. The Duke would not receive it for himself, but for the Queen. The value of
this was at least as much as 600Z.

By the aid of the draw-loom, and still better of the Jacquard loom, M. Ternaux
first succeeded in weaving Cashmere shawls perfectly similar to the Oriental in ex-
ternal aspect, which became fashionable under the name of French Cashmere. But
to construct shawls altogether identical on both sides with the Eastern was a more
difficult task, which was accomplished only at a later period by M. Bauson, of Paris.
The year 1819 is remarkable in the history of French husbandly for the acquisition

of the Cashmere goat, imported from the East under the auspices of their government,
by the indefatigable courage and zeal of M. Jaubert, who encountered every fatigue and
danger to enrich his country with these valuable animals, aided by the patriotism of
M. Ternaux, who first planned this importation, and furnished funds for executing it,
at his own expense and responsibility. He placed a portion of the fiock brought by
M. Jaubert at his villa of St. Ouen, near Paris, where the climate seemed to be very favour-
able to them, since for several successive years after their introduction M. Ternaux was
enabled to sell a great number of both male and female goats. The quantity of fine
fleece or down afforded by each animal annually is from a pound and a half to two pounds
The wool imported into Europe comes by the way of Casan, the capital of a

government of the Eussian empire upon the eastern bank of the Volga ; it has natu-
rally a greyish colour, but is easily bleached. Its price at Paris is about 6s. the pound

' Pashmina is a general name for the fabric made of pashm, or the under-wool of the Bhawl-goat.
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avoirdupois. The -wasto in picking, carding, and spinning, amounts to about one-third
of its -weight.

The mills for spinning Cashmoro wools have multiplied very much of late years in
France, and the prices of the yarn have fallen by from 25 to 30 per cent., uotwith-
Btanding their improved fineness and quality.

In both modes of manufactiu-e, the piece is mounted by ' reading-in ' the warp for
the different leaves of the heddles, as is commonly practised for war^s in the Jacquard
looms. The weaving of imitation shawls is executed, as usual, by as many shuttles
as there are colours iu the design, and which are thrown across the warp in the order
established by the ' reader.' The greatest number of these weft yarns being introduced
only at intervals into the web, when the composition of the shawl requires it, they
remain floating loose at the back of the piece and are cut afterwards, without affecting
in the least the quality of the texture ; but there is considerable waste of stuff in the
weaving, which is worked up into carpets.

The weaving of the imitation of real Cashmere shawls is different from the above.
The yarns intended to form the weft are not only equal in number to that of the colour
of the pattern to be imitated, but, besides this, as many little shuttles or pirns (like

those used by embroiderers) are filled with these yarns as there are to be colours

repeated in the breadth of the piece ; which renders their number considerable when
the pattern is somewhat complicated and loaded with colours. Each of these small
bobbins or shuttles passes through only that portion of the fiower in which the colour

of its yarn is to appear, and stops at the one side and the other of the cloth exactly at

its limit ; it then returns upon itself after having crossed the thread of the acjjoining

shuttle. From this reciprocal intertexture of all the yarns of the shuttles, it results

that although the weft is composed of a great many different threads, they no less con-

stitute a continuous line in the whole breadth of the web,upon which the lay or batten

acts in the ordinary way. We see, therefore, that the whole art of manufacturing this

Cashmere cloth consists in avoiding the confusion of the shuttles, and in not striking

up the lay till all have fulfilled their function.

In the Oriental process, all the figures in relief are made simply with a slender pirn

without the shuttle used in Em-opean weaving. By the Indians the flower and its

ground are made with the pirn, by means of an intertwisting, which renders them in

some measure independent of the warp. In the Lyons imitation of this style, the

leaves of the heddles lift the yarns of the warp, the needles embroider as in lappet

weaving, and the flower is imited to the warp by the weft thrown across the piece.

Paris manufactiu'es the French Cashmere, properly so called, of which both the

warp and the weft are the yarn of pure Cashmere down. This web represents mth
fidelity the figures and the shades of colour of the Indian shawl, which it copies ; the

deception woiild be complete if the reverse of the piece did not show the cut ends. The

Hindoo shawl, as woven at Paris, has its warp in spun silk, which reduces its price

without much impairing its beauty.

Lyons, however, has made the greatest progress in the manufacture of shawls. It

excels particularly in the texture of its Thibet shawls, the weft of which is yarn spun

with a mixture of wool and spun silk.

Mmesis remarkable for the low price of its shawls, in which spun silk, Thibet down,

and cotton, are all worked up together.

It appears that M. J. Girard at Sevres, near Paris, has succeeded best in producing

Cashmere shawls equal in stuffand style of work to the Oriental, and at a lower price.

They have this advantage over the Indian shawls, that they are woven without seams,

m a single piece, and exliibit all the variety and the raised effect of the Eastern colours.

Women and children alone are employed in his factory. See India Shawls.

CASK. {Tonneau,'ET.; Fass, G&i.) Much ingenuity has been displayed in cut-

ting the curvilinear and bevelled edges of the staves of casks by circular saws. Sir

John Kobinson proposed many years back that the stave should be bent to its true curve

against a curved bed, and that while thus restrained, its edges should be cut by two

saws s s, placed in radii to the circle, the true direction of the joint as shown by tie

dotted circle fig. 439, representing the head of the cask._ Mr.

Samuel Brown obtained a patent in November 1825, for certain im-

provements in the machinery for making casks. His mechanism

consists in the first place of a circular saw attached to a bench,

with a sliding rest, upon which rest, each piece of wood intended

to form a stave of a cask is fixed ; and the rest being then shdden

forward in a curved direction, by the assistance of an adjustable

guide, brings the piece of wood against the edge of the rotatory

saw, and causes it to be cut into the curved shape required for

the edge of the stave. The second feature is an apparatus with cutters attached tx) a

standard, and traversing round with their carrier upon a centre, by means of which
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the upper and lower edges of the cask are cut round and grooved, called chining, for

the purpose of receiving the heads. Thirdly, an apparatus not very dissimilar to the

last, by which the straight pieces of wood designed for the heads of the casks are held

together, and cut to the circular figure required, and also the bevelled edges produced.

And fourthly, a machine in which the cask is made to revolve upon an axis, and the

cutting tool to traverse for the purpose of shaving the external part of the cask,

and bringing it to a smooth sui'face.

The pieces of wood intended to form the staves of the cask having been cut to their

required length and breadth, are placed upon the slide-rest of the first mentioned

machine, and confined by cramps ; and the guide, which is a flexible bar, having been

previously bent to the intended curve of the stave and fixed in that form, the rest is

slidden forward upon the bench by the hand of the workman, which, as it advances

(moving in a curved direction) brings the piece of wood against the edge of the re-

volving circular saw, by which it is cut to the curved shape desired.

The guide is a long bar held by a series of moveable blocks fitted to the bench by
screws, and is bent to any desired curve by shifting the screws ; the edge of the slide-

rests which hold the piece of wood about to be cut, runs against the long guide bar,

and consequently is conducted in a corresponding curved course. The circular saw
receives a rapid rotatory motion by means of a band of rigger from any first mover

;

and the piece of wood may be shifted laterally, by means of racks and pinions on the

slide-rest, by the workmen turning a handle, which is occasionally necessary in order

to bring the piece of wood up to, or away from, the saw.

The necessary number of staves being provided, they are then set round within a
confined hoop at bottom, and brought into the form of a cask in the usual way, and
braced by temporary hoops. The barrel part of the cask being thus prepared, in order

to effect the chining, it is placed in a frame upon a platform, which is raised up by a
treadle lever, so that the end of the barrel may meet the cutters in a sort of lathe above

:

the cutters are then made to traverse round within the head of the barrel, and, as they
proceed, occasionally to expand, by which means the bevels and grooves are cut on the
ixpper edge of the barrel, which is called chining. The barrel being now reversed, the
same apparatus is brought to act against the other end, which becomes chined in like

manner.
The pieces of wood intended to form the heads of the cask are now to be cut straight

by a circular saw in a machine similar to the first described
; but, in the present in-

stance, the slide-rest is to move forward in a straight course. After their straight
edges are thus produced, they are to be placed side by side, and confined, when a
scribing ciitter is made to traverse roimd, and cut the pieces collectively into the
circular form desired for heading the cask.

The cask having now been made up, and headed by hand as usual, is placed
between centres, or upon an axle in a machine, and turned round by a rigger or band
with a shaving cutter sliding along the bar above it, which cutter, being made
to advance and recede as it slides along, shaves the outer part of the cask to a smooth
surface.

]VIr._ Smart cuts the edges of thin staves for small casks on the ordinary saw-bench,
by fixing the thin wood by two staples or hooks to a curved block, the lower face of
which is bevelled to give the proper chamfer to the edges, fig. 440. One edge having

440 441

been cut, the stave is released, changed end for end, and refixed against two pins,
whicli determine the position for cutting the second edge, and make the staves of one
common width. The curved and bevelled block is guided by two pins p 'p, which
enter a straight groove in the bench parallel with the saws. This modo of bending
is froni various reasons found inapplicable to large staves, and these are cut as
shown in three views, fig. 441, whilst attached to a straight bed, the bottom of which
is also bevelled to tilt the stave for chamfering the edge. To give the cui-ve suitable
to the edge, the two pins on the under side of the block run in two curved grooves
g g in the saw-bench, which cause the staves to sweep past the saw in the arc of a
very large circk, instead of in a right line, so tl;at the ends are cut narrower than
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the midcllo._ Mr. Smart observes {Trans. Soc. of Aris, vol. xlvii.) that in staves cut
whilst straight, tlio edges hocomo chuiufered at the siime angle througliout, which
althougli theoretically wrong is sufficiently near for practice ; the error is avoided
-when the staves are cut wliilst hunt to their true curvatiujc.

Tlio necessary flexiLility which is required for Ijouding the staves of casks is

obtained by steaming them in suitable vessels in contact vith rigid moulds. By
Taylor's patent machinery for making casks, the blocks iutended for the staves are
cut out of white Canada oak, to the size of thirty inches by five, and smaller. They
are well steamed and then sliced into pieces one-half or five-eighths of an inch thick,

at the rate of 200 a minute, by a process far more rapid and economical than sawing,
the instrument being a revolving iron plate, of 12 or 14 feet diameter, with two
radial knives arranged somewhat like the irons of an ordinary plane or spoke-
shave.

CASSAREEP or CASSXREXiPE. The concentrated juice of the roots of the
bitter cassava, flavoured by aromatics. It is used to flavour soups, and other dishes,

and is the basis of the West-Indian dish pepper-jioi. In Erench Guiana, the term
cahion is applied to a similar condiment.

—

Fereira.

CASSAVA. {Cassavc, Fr. ;
Cassava, Ger.) Cassava, or Cassada Meal, are

names given to the starch of the root of the Manihot utilissima, prepared, in the fol-

lowing manner, in the "West Indies, the tropical regions of America, and upon the

African coast. The tree belongs to the natural family of the EuphorbiacecB.

The roots are washed, and reduced to a pulp by means of a rasp or grater. The pulp
is put into coarse strong canvas bags, and thus submitted to the action of a powerful

press, by which it parts with most of its noxious juice (used by the Indians for poisoning

the barbs of their arrows). As the active principle of this juice is volatile, it is easily

dissipated by baking the squeezed cakes of pidp upon a plate of hot iron. Fifty poundis

of the fresh juice, when distilled, afford, at first, 3 ounces of a poisonous water, pos-

sessing an intolerable offensive smell ; of which 35 drops being administered to a slave

convicted of the crime of poisoning, caused his death in the course of 6 minutes, amid
horrible convulsions.'

The pulp, dried in the manner above described, concretes into lumps, which become
hard and friable as they cool. They are then broken into pieces, and laid out in the

sun to dry. In this state they afford a wholesome nutriment, and are habitually used

as such by the negroes, as also by many white people. These cakes constitute

the only provisions laid in by the natives, in their voyages upon the Amazon. Boiled

in water with a little beef or mutton, they form a kind of soup similar to that of rice.

The Cassava cakes sent to Europe are composed almost entirely of starch, along

with a few fibres of the ligneous matter. It may be piirified by diffusion through warm
water, passing the milky mixture through a linen cloth, and evaporating the strained

liquid over the fire, with constant agitation. The starch, dissolved by the heat,

thickens as the water evaporates, but, on being stirred, it becomes granulated, and

must be finally dried in a proper stove. Its specific gravity is 1-530—that of the

other species of starch.

The product obtained by this treatment is known in commer'ce under the name of

tapioca ;
and, being starch very nearly pure, is often prescribed by physicians as an

aliment of easy digestion. A tolerably good imitation of it is made by heating, stirring,

and drying potato-starch in a similar way.

The expressed juice of the root of manioc contains in suspension a very fine fecula,

which it deposits slowly upon the bottom of the vessels. When freed by decantation

from the supernatant liquor, washed several times and dried, it forms a beautiful

starch, which creaks on pressure with the fingers. It is called cipipa in French Guiana

;

it is employed for many delicate articles of cookery, especially pastry, as also for hair-

powder, starching linen, &c. This is imported into England from Eio Janeiro as

Brazilian arrowroot.
. , , „ ^ j ,.1. i

• j
Cassava flour, as imported, may be distinguished from arrowroot and other kinds

of starch by the appearance of its particles viewed in a microscope. They are spherical,

all about -l-th of an inch in diameter, and associated in groups ;
those of potato-

starch are irregular ellipsoids, varying in size from ^igth to g^th of an inch
; those

of arrowroot have the same shape nearly, but vary in size from ^Mi to ^th. of an

inch ; those of wheat are separate spheres, ^th of an inch.

The empirical formula of Cassava starch is, C'^H-'O'" (C'H-O^), like the otJior

Stflil'CllGS

Cassava has for some years been imported into France, from Martimquo, as tomoMS-

saohe and la cipipa. See Tapioca.

« Memoir of Dr. Fermin, communicated to the Academy of BerUn, concerning experiments mado

at Cayenne, upon the juice of the Manioc.
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CASSEKK YBMOW. An oxychlorido of lead. Ifc seems to be the same as

Patent Yellow and Turjicr's Yellow. CassoU yello-w may be prepared by melting together

one part of sal-ammoniac with ton parts of massicot, minium, or white lead.

CASSEIiMANJiT'S GREEM*. A fine green pigment, destitute of arsenic. It

is a basic sulphate of copper, obtained by mixing together boiling solutions of sulphate

of copper and an alkaline acetate.

CASSIA. {Oinnamoonum Cassia.) A bark employed for flavoiu-ing. The cin-

namon cassia is a native of China, and is cultivated in Java. It is imported from
Singapore, Calcutta, Bombay, and Manilla. This bark is imported principally for

the sake of its essential oil, which it yields by distillation. One hundred pounds of
good cassia bark will thus yield 12 oz. of essential oil of cassia. This oil is XDrinci-

pally consumed in scenting what is called Erown Windsor Soap.

CASSIA BVDS. (Flares cassi(s vnmature.) The cassia buds and bark are both
obtained from the same tree {Beeves). 'According to the latest observations which
the elder Nees has made known, cassia buds are the calyces {FnxhtJcelche) of Cinna-
onomum aromaticum, about ^th of their normal size. It is also said that they are
collected from Oinnamomum dulce which is found in China.'

—

Martins, quoted by
Pereira.

CASSIA FISTUXiA. The pudding pipe tree, or purging cassia. The pods of
this tree are imported from Madras and Ceylon, from Barbadoes, and from Cartha-
gena and Savanilla.

CASSIS. The Acacia Farnesiana is grown extensively in the south of France
for the sake of its fragrant flower balls : these are termed Cassie, and used in per-
fumery. The young plants are raised from seed in beds : in the third year they are
planted out in fields and require for each tree about twelve square feet of land.
When in maturity Acacia Farnesiana will yield flowers to the value of ZOl. an
acre.

CASSIS, the black currant {Eibes nzj'j'a. Linn.), which was formerly celebrated
for its medicinal properties, with very little reason.
The only technical use to which it is now applied is in preparing the agreeable KjzdSMj-

called ratafia, by the following French recipe : Stone and crush 3 pounds of black cur-
rants, adding to the magma 1 drachm of cloves, 2 drachms of cinnamon, 4 quarts of spirits
of wine, at 98° Baume, and 2-1 pounds of sugar. Put the mixture into a bottle which
is to be well corked

; let it digest for a fortnight, shaking the bottle once daily during
the first 8 days

: then strain through a linen cloth, and finally pass through filtering
paper.

_
CASSITESITE.

_
Oxide of Tin ; Stream Tin. Stream tin is the alluvial debris of

tin veins.
_
Cassiterite is one of the objectionable names, of which a very great number

have been introduced into the science of Mineralogy, The names which are derived
from districts or towns give no indication of the character of a mineral, and they
indicate one locality only, for example, Eedhtjthite {Copper glance) is found in many
other places beyond Eedruth, and Cassiterite, derived from the Cassiterides of the
ancients, is used to designate a mineral which is found in all parts of the world. The
confusion existing in mineralogical nomenclature is to be lamented. (See Tin
Oee.) ^

CASSIT7S, Purple powder of. A preparation used in the arts as a colour, chiefly for
stained glass and porcelain. It is also employed in medicine by some French physicians,
and has been prepared in the following manner :—10 parts of acid chloride of gold
are dissolved m 2,000 parts of water. In another vessel, 10 parts of pure tin are dis-
solved in 10 parts of nitric acid mixed with 20 parts of hycbochloric acid, and this
solution is diluted with 1,000 parts of distilled water. The solution of tin is added by
degrees to that of the acid chloride of gold, so long as any precipitate results. This
IS allowed to subside

;
it is themrashed, filtered, and dried at a very gentle heat

ihe tm salt above used contains both the protoxide and binoxide in certain proportions
ihe double compound of chloride of tin with sal-ammoniac, called the pink salt of tin
IS the preferable form

;
as it is not altered by the atmosphere, is of definite composition!

and when boiled with metallic tm it takes up just so much as will form the protochloride •

100 parts of pmk salt require for this purpose 107 parts of metallic tin
Professor Graham, in his ' Elements of Chemistry,' gives the following account of

the i urple of Cassius, and of its preparation :— ' When protochloride of tin is added to
a dilute solution of gold, a purple powder falls. It is obtained of a finer tint when
protochloride of tin is added to a solution of the sesquichlorido of iron till the colour
ot the liquid takes a shade of green, and the liquid in that state added, drop by droD
to a solution of sesquichlorido of gold, free from nitric acid, and very dilute After
24 hours a brown powder is deposited, which is slightly transparent, and pu^plo-redby transmitted light: when dried and rubbed to powder, it is of a dull blue coWHeated to redness it loses a little water, but no oxygen, and retains its fori^r
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appearance.
_
If washed with ammonia, on the filter, wliile still moist, it dissolves, and

a purple lifiiud passes, whicli rivals the hypermanganate of potash in beauty, .

It nmy also bo formed by fusing together 2 parts of gold, 3i parts of tin, and 15 parts
ot sUver, under borax, to prevent the oxidation of the tin, and treating the alloy with
niti-jc acid, to dissolve out the silver; a purple residue is left, containing the tin and gold
that wore employed.'

Berzelius proposed the tlieory that the powder of Cassius may contain the true prot-
oxide of gold combined witli sosquioxide of tin, AuOSn'-'O', a kind of combination
containing an association of throe atoms of metal, which is exemplified in black oxide
of iron, spinele, Franklinite, and other minerals. ... A glance at its formula shows
how readily the powder of Cassius, as thus represented, may pass into gold and binoxido
of tin, AuOSn-O-' All + 2SnO\'—Graham and Watts.
CASTIIiX: SOAP, or Spanish Soap, is prepared with olive oil and a solution

of caustic soda. There are two varieties, the white and the marbled. The marbled
appearance is produced in the soap, by adding, as soon as it is made and separated
from the spent ley, a fresh quantity of ley, and immediately a solution of the proto-
siilphate of iron. A precipitate of oxide of iron is at once formed, and this gives
the dark coloured streaks to the soap. By exposure to the air these streaks become
red, in consequence of the conversion of the black oxide of iron into the red or sesqui-

oxide. See Soap.

CAST-IRON-. See Ieon.

CAST-XROK' SCOURIN'C Cast-iron surfaces are said to be easily scoured by
adding a little of any kind of organic matter, such as glycerine, stearine, naphthaline,
or creosote to dilute sulphuric acid ; zinc and brass yield to the same method, with
great economy of labour, time, and material.

CASTOR. A mineral occurring in Elba, associated with another species called

Pollux. Castor is a silicate of alumina and lithia, closely related to, if not identical

with, petalite.

CASTOR. The Beaver. See Fues.
CASTOR, or CASTOREVAX. This name is given to a secretion of the Beaver

(Castor fiber), contained in pear-shaped cellular organic sacs, placed near the genital

organs of both the male and female animals. It is a substance analogous to civet and
musk, of a consistence similar to that of thick honey. It has a bitter acrid taste ; a
powerful penetrating, fcetid, and very volatile smell.

Several chemists, and in particular Bouillon, Lagrange, Laugier, and Hildebrandt

have examined castor, and found it to be composed of a resin, a fatty substance, a

volatile oil, an extractive matter, benzoic acid, and some salts.

The mode of preparing it is very simple. The sacs are cut oft from the castors

when they are killed, and are dried to prevent the skin being affected by the weather.

In this state the interior substance is solid, of a dark colour, and a faint smell ; it

softens with heat, and becomes brittle by cold. Its fracture betrays fragments of mem-
branes, indicating its organic structm-e. "When chewed it adheres to the teeth some-

what like wax ; it has a bitter, slightly acrid and nauseous taste.

The castor bags, as imported, are often joined in pairs by a kind of ligature.

Sometimes the substance which constitutes their value is sophisticated ; a portion of

the castor being extracted, and replaced by lead, clay, giims, or spme other foreign

matters. This fraud may be easily detected, even when it exists in a small degree,

by the absence of the membranous partitions in the interior of the bags, as well as

by the altered smell and taste.

Castor is used to a small extent in medicine and in perfumery manufacture, the

latter particularly when ambergris is scarce.

In English commerce, two varieties of American castor are made : one called the

Hudson's Bay and the other the Canadian—though both are imported by the Hud-

son's Bay Company.
CASTORIXTE. A substance existing in castor. It is obtained by treating castor

with hot alcohol, and filtering through a Platamour's ebullition funnel. On cooling,

the alcohol deposits crystals of a fatty substance. The castorine is retained in

the mother-liquor, and is procured by evaporation on the water-bath to a_ small

bulk, and then setting aside to allow crystals to form. Castorine crystallises in

needles possessing a slight odour of castoroum.—C.G.W.
_

CASTOR OIIi. The expressed oil of the seeds of the Palma Christi or Btcmus

coonmunis, a native of the West Indies and South America ; but which has been

cultivated in France, Italy, and Spain.
r i i j

In England the castor oil is expressed from the seeds by means of powerful hydrau-

lic presses fixed in rooms artificially heated. It is purified by repose, decantatic.n,

and filtration, being bleached in pale-coloiu^ed Winchester quart bottles, Avhich are

exposed to light on the tops of houses.
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CATAIiYSIS. A torm introduced to dcnoto the very peculiar phenomenon of one

Lody establishing, by its more presence, a like condition, in another body, to that

whicli exists in itself. Thus a piece of meat undergoing the putrefactive fermen-

tation, almost immediately sets up a similar action in fresh meat, or produces in a

saccliarine fluid that motion which is known as vinous fermentation. The action of

the yeast plant,—a living organisation,—establishes an action throughout a largo

quantity of an infusion of malt—fermentation, or that disturbance which leads to the

conversion of sugar into alcohol. This catalytic power is ill understood, and wo are

content to hide the imperfection of o\u? knowledge under a sounding name.

CATECHIIO'E. Catechuic Acid. When Gainbir catechu is treated with water

an insoluble residue is left, wliich has been termed by Nees resinous tannin. Its

composition is C'^H^O" (C'SH^OS).

CATECHV. A Japanese term, from catc a tree, and chit, juice. The term_ is

applied to several astringent extracts made from the wood of several plants which

grow in Bombay, Bengal, and other parts of India. The ordinary commercial catechu

is prepared by boiling the chips of the interior of the trunk of the Acacia Catechu in

water, evaporating the solution to the consistence of syrup over the fire, and then

exposing it in the sun to harden. It occurs in commerce in flat rough cakes, and

under two forms. The first, or the Bombay, is of uniform texture, of a dark red colour,

and of specific gravity 1'39. The second is more friable and less solid. It has a

chocolate colour, and is marked inside with red streaks. Its specific gravity is

1-28.

According to Six H. Davy, the Bombay variety is richer in tannin than that from
Bengal, the former containing 64"5, and the latter 4r5 in 100 parts.

Areca nuts are also found to yield catechu : and catechu is prepared from them in

Ceylon, for which purpose they are cut into pieces, watered in an earthen pot with
solution of nitre, and have a little of the bark of a species of Mimosa added to them.
The liquor is then boiled with the nuts, and aflPords an inspissated decoction.

Good catechu is a brittle compact solid, of a dull fracture. It has no smell, but a
very astringent taste. Water dissolves the whole of it, except the earthy matter,

which is probably added during its preparation. Alcohol dissolves its tannin and
extractive. The latter may be oxidised, and thus rendered insoluble in alcohol, by
dissolving the catechxi in water, exposing it for some time to a boiling heat, and
evaporating to dryness.

The tannin of catechu differs from that of galls, in being soluble in alcohol, and
more soluble in water. It precipitates iron of an olive colour, and gelatine in a mass
which gradually becomes brown.

It has been long employed in India for tanning skins, where it is said to effect this
object in five days. Sole-leather has been completely tanned by it in this country in
ten days, the ox-hide having been made into a bag, with the hair oiitside, and kept
filled with the solution of catechu. In India it has also been used to give a brown
dye to cotton goods, and of late years it has been extensively introduced into the
calico-print works pf Europe. The salts of copper with sal-ammoniac cause it to give
a bronze colour which is very permanent ; the proto-muriate of tin, a brownish yellow

;

the per-ehloride of tin, with the addition of nitrate of copper, a deep bronze hue
;

acetate of alumina alone, a reddish brown, and, with nitrate of copper, a reddish-olive
grey

; nitrate of iron, a darJc-brown grey. For dyeing a golden coffee-brown, catechu
has entirely superseded madder ; one pound of it being equivalent to six pounds of
this root.

According to Pereira, the varieties of Catechu commonly met with are :

—

1. G-AjpiB Catechtj {Catechu pallidum) or Pale Catechu, imported under the name
of Gambir, from Singapore and some of the neighbouring islands, where the Uncaria
Gambir is cultivated, and an extract prepared from it. The chief use of this
catechu is for tanning. In the trade it is distinguished from the black catechu and
cutch by the name of Terra Japonica.

2. BETEL-NtJT Catechtj. See Bbtel-Ntjt.
3. CtTTCH.—Catechu of the Acacia Catechu described above.
Bombay Catechu, named above, and examined by Davy, is obtained from the

Areca Catechu, and the Bengal Catechu, from the Acacia (Mimosa) Catechu.
Nttbun Catechu, another variety occasionally met with, is obtained from the fruits

of gummy Acacias growing in Egypt and Nubia.
CATGXTT. (Corde a boyau,'Fv.; Darmsaiie, Gev.) The name given to cords

made of the tAivisted intestines of the sheep. The guts, being taken while warm out of
the body of the animal, are to be cleared of feculent matter, freed from any adhering
fat, and washed in a tub of water. The small ends of all the intestines are next to be
tied together, and laid on the edge of the tub, while the body of them is left to steepm some water, frequently changed, during two days, in order to loosen the peritoneal
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ScroverivnrH T'; ^°^°«tines is thon laid upon a eloping table

if .Ti 1
^ '"'"'^ ^'''^"^ ^"^f'^'^'' ^« ««^'^P«d ^vifch the back of a kuifoftx) try

cumfi.rnr 'nr^'^f
°" will como away freely in breadths of about half their cir-

r.™. r/ T^'''
'''^^«ta°°° IS called by the French manufacturers fila7idre, and the

F;«t;n!> •!1
1 7,

^° attempt to remove it by beginning at tlio large end of tlio in-testmo. wo shall not succeed. This Jilandre is employed as tliread to sew intestines,ana to make the cords of rackets and battledores. The flayed guts are put again into
nofeu water and after steeping a night, are taken out and scraped clean next day, on
tl 0 wooden bench with tlio rounded back of a knife. This is called curim tU gut.xuo largo oucls are now cut off, and sold to tlie pork-butchers. The intestines are
again stooped for a mght in frosh water, and the following day in an alka,line lixivium
made by adding 4 ounces of potash, and as mucli pearlash, to a pail of water contain-
ing about 3 or 4 imperial gallons. This ley is poured in successive quantities upon
the intestines, and poured off again, after 2 or 3 hours, till they are purifled. They
are now drawn several times through an open brass thimble, and pressed against it
w^th the nail, in order to smooth and equalise their surface. They are lastly sorted,
according to their sizes, to suit different purposes.

Wliipcord is made from the above intestines, which are sowed together endwise by
the filandre,^ each junction being cut aslant, so as to make it strong and smooth. The
cord is put into the frame, and each end is twisted separately; for whipcord is seldom
made out of two guts twisted together. When twisted, it is to be sulphured once or
twice. It may also be dyed black with common ink, pink with red ink, which sul-
phurous acid changes to pink, and green with a green dye which the colour-dealers
sell for tlie purpose. The guts take the dyes readily. After being well smoothed, the
cord is to be dried, and coiled up for sale.

Hatters' Cord for Bowstrings—The longest and largest intestines of sheep, after
being properly treated with the potash, are to be twisted 4, 6, 8, 10, or 12 together,
according to the intended s.i?e of the seams, which is usually made from 15 to 25 feet
long. This cord must be free from cords and knots. When half dry, it must bo ex-
posed twice to the fumes of burning sulphur

;
and, after each operation, it is to be

well stretched and smoothed : it should be finally di-ied in a state of tension.
Clochnakers' Cord.—This cord should be extremely thin, and be therefore made

from very small intestines, or from intestines slit up in their length by a knife fitted

for the purpose, being a kind of lancet surmounted with a ball of lead or wood. The
wet gut is strained over the ball which guides the knife, and the two sections fall down
into a vessel placed beneath. Each hand i^uUs a section. Clockmakers also make use
of stronger cords made of two or more guts twisted together.

Fiddle and Harp Strings.—These require the greatest care and dexterity on the part
of the workmen. The treble strings are peculiarly difl&cult to make, and are made at

Naples, probably because the Neapolitan sheep, from their small size and leanness,

afford the best raw material.

The first scraping of the guts intended for fiddle-strings must be very carefully per-

formed ; and the alkaline leys being clarified with a little alum, are added, in a pro-

gressively stronger state from day to day, during 4 or 5 days, till the guts are well

bleached and swollen. They must then be passed through the thimble, and again

cleansed with tlie lixivium ; after which they are washed, spun, or twisted and sul-

phured during two hours. They are finally polished by friction, and dried. Some-

times they are sulphured twice or thrice before being dried, and are polished between

horsehair cords.

It has been long a subject of complaint, as well as a serious inconvenience to

musicians, that catgut strings cannot be made in England of the same goodness and

strength as those imported from Italy. These are made of the peritoneal covering of

the intestines of the sheep; and, in this country, they are manuilictured—at White-

chapel, and probably elsewhere,—in considerable quantity ; the consumption of them

for harps, as well as for the instruments of the violin family, being very great._ Their

chief fault is weakness ; whence it is difficult to bring the smaller ones, reqiiired for

the higher notes, to concert-i^itch ;
maintaining at the same time, in their form and

construction, that tenuity or smallness of diameter which is required to produce a

brilliant and clear tone.

The inconvenience arising from their breaking when in use, and the expense m the

case of harps, whore so many are required, are such as to render it highly desirable

to improve a manufacture which, to many individuals may, however, appear suf-

ficiently contemptible.
.

It is well known to physiologists, that the membranes of lean animals are tar more

tough tlian those of animals which are fat or in high condition ;
and there is no reason

to doubt tliiit the superiority of the Italian strings arises from the state of the sheep

in that country. In London, whoro no lean animals are slaughtered, and where, indeed,
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an extravagant and useless degroo of fattening, at least for tho purpose of food, is

given to shcop in particular, it is easy to comprehend why their membranes can never
alFord a material of the requisite tenacity. It is loss easy to suggest an adequate
remedy ; but a knowledge of tho general principle, should this notice meet the eyes of
those interested in the subject, may at least servo tho purpose of diminishing tho evil

and improving tho manufacture, by inducing them to choose in the market the offal of
such carcases as appear least ovorburthened with fat. It is probable that such a

. manufacture might be advantageously established in those parts of the country where
the fashion has not, as in London, led to the use of meat so much overfed ; and it is

equally likely, that in tho choice of sheep for this pui-pose, advantage would arise from
using the Welsh, the Highland, or the Southdown breeds, in preference to those which,
like the Lincoln, are prone to excessive accimiulation of fat. It is equally probable
that sheep dying of some of the diseases accompanied by emaciation, would be
pecidiarly adapted to this purpose.

That these suggestions are not merely speculative is proved by comparing the
strength of the membranes in question, or that of the other membranous parts, in
the unfattened Highland sheep, with that of those found in the London markets.
CATHARTIlO-i:. A bitter, non-azotised, purgative substance found in senna.

Its formula is not known. To prepare it, an alcoholic extract of senna leaves is to be
evaporated to dryness, and then treated with water as long as anything is dissolved.
The aqueous solution contains the cathartine mixed with several impurities. A con-
siderable amount of the latter may be got rid of by adding a solution of acetate of lead
as long as a precipitate is formed, and then filtering through a calico bag.

Ci^TIiZIl-ITE. A clay-stone so called after Catlin the American traveller. It ia
carved into tobacco pipes by the North American Indians.
CAT'S EYE. A translucent quartz, presenting peculiar internal reflections.

This effect is said to be owing to filaments of asbestos. When cut cn cabochon, it is
esteemed as an ornamental stone. This quartzose cat's-eye comes chiefly from
Ceylon. A brown variety from South Africa, consists of fibrous quartz pseudomor-
phous after the mineral called crocidolite.

The Oriental Cat's-eye is a fibrous variety of Chrysoberyl. See Cymophane
CAT'S-EVE RESIN. See Dammab.
CATSVP. A name given by Dr. Kitchiner to Ketchup. See IJetchtjp
CATTSmtrBTDOO. A name given to an elastic gum or hydro-carbon obtained

Irom some species of plants in India.
CAUKTTER X.OBE. A mining term. See Mining.
CAUSTIC. Any chemical substance corrosive of the skin and flesh ; as potash

called common caustic,—and nitrate of silver, caUed lunar caustic, bv sureeonsCAVIARE. The salted roe of certain species of fish, especia^lJXsturgeon.
This product forms a considerable article of trade, being exported annually from thetown of Astrakhan alone upon the shores of the Caspian Sea, to the amount ofseveral hundred tons The Italians first introduced it into Eastern Eiu-ope fromConstantinople, under the name of caviale. Eussia has now monopolised this branchof commerce. It is prepared in the following manner •—
The female sturgeon is gutted

; the roe is separated from the other parts, and cleanedby passing it through a very fine searce, by rubbing it into a pulp beLeen the handsthis IS afterwards thrown into tubs, with the addition of a considerable qi^^^^^^^salt the whole is_ then well stirred, and sot aside in a warm apartment^ Theraanother sort of ca_viare,-the compressed-in which the roe, after ha^nTbeen cm-ed

presl're.^ '
" '''''' ^ subjected to sLlg

spar'^"^'"'
^""^^ "^^^^^^^ ^^^IP^i^te of baryta, or heavy

CEJSS^fc'Srr.'^./^P^'T^^^f ^''f ''^''^^ «P^^i^« «f Capsicum.

u ^ 7 ' • '
G<3i-. The cedar of Lebanon, or great cedar (Pinuscedrus) IS a cone-beanng tree. This tree has been famous since the^ays of Solomon

Crete a^dli^cf'
^"^^'^^'^^^^^ Temple. The wood has been yaii^ed S^S

between Damascus and Tripoli, ^n,llS:i:Sefr£l:ZT^^^
^'ZS^J^J-^:^^'^^ ^^^^^^ onlL^orn!

Indeed, If we are to suppose that tho cedar and the cedar wood menti-nn^^ i,many of the ancient writers referred exclusively to the Lelmnon .l.lfbeheye that its distribution at one period extended over counto f^^^^^^^^
"^"^^

xts having existod now remains. Egypt. Creto. and CyprT are ml^nrd b
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and Thoophrastus as native ImbitatB of the Cedrus ; wo may thus fairly infer that tha

Cedrus of the ancients as frequently had reference to the other Coniferai as to the

Lebanon specios.

The pencil cedar is the Juniperus Virginiana. It is imported from America in

pieces from 6 to 10 inches square. The grain of the wood is remarkably regular

and soft, on which account principally it is used for the manufacture of_ pencils, and

from its agreeable scent for the inside of small cabinets ; it is also made into matches

for the drawing-room.
The general use of the cedar wood dates from the highest antiquity, Pliny makes

mention of cedar wood and the uses to which it was applied, and cites, aa examples of

its durability and imperishable nature, the timber of a temple of Apollo at Utica,

iu Africa, which, was nearly 2,000 years old, was found to be perfectly BOund,--and

the famous statue of Diana in the temple of Saguntum in Spain. Cedria, an oil or

resin extracted from a cedar, was also, according to Vitruvius, used to smear over

the loaves of the papyrus to prevent the attacks of worms
|
and Pliny states that the

Egyptians applied it with other drugs in the preparation of their mummies; but

whether this extract M'as obtained from the Lebanon cedar or from trees belonging to

the genus Ctipressus or Juniperus, which also aflford odoriferous reans, it is now

impossible to ascertain.
, • j-ic u

In regard to the cedar and cedar wood mentioned m profane history, it is diflicult,

from what wo have already stated, to determine what has reference to the true cedar,

and what belongs to other coniferous species ; all that we can know for certainty is

that a wood called cedar, distinguished for its incorruptible nature, was frequently

used for purposes most important in the eyes of the pagan, viz., in the bmldmg

and decoration of their temples, and for the statues or images of their heroes and

^°The peculiar balsamic odour of cedar has long been held as a means to preserve

articles from the attacks of insects ;
chips and shavings of the wood have been m this

way kept in collections of linen, papers, and objects of preservation Cabmets have

been recommended, or at least the drawers and fittings, to be made of cedar. It may

be useful to call attention to some facts when cedar is employed as a means ot

^'Thirth^'odoriferous substance when diffiised may affect some fonns of organic

Hfe, is not disputed, but it is as probable some of the effect may be di^ to covenng

the insect witli a coating of varnish, alike irritating and interfering with the tex-

ture orthe^xirfaccs of the body; but the cannot be general ;
if the creatures

have a sufficient hardihood they may, and indeed do, attack the wood itselt.

The fdSSng cases will show that the substances emanating from cedar may pro-

duce unexpSl interference. Mr. VuUiamy states that George IH. had a cabinet

ob?eSry at Kew with drawers of cedar wood m them
;
wa ches were

Saced withTe intention of keeping them going. In a short time they _aU came to

Si the experiment, however, repeated had the same result: on examination, the

ofused hi dSnt parts of the watches was found to be completely changed into a

Bubstale l^^^^
also communicated to the Institu lOQ

nfrtvlEneinSS still more show the extraordinary atmosphere prodiiced in close

"tW Lloyd, .peaking of .BOth.v ^JCstsS'?^^^^^

it is imperishable. , TTotroTnn'h opdar is the wood of the
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New South Wales produces a codar, Cedrela Toona, somewhat similar to the Havan-

nah, but more red in colour.

A similar kind is found in the East Indies ; the Himalayan cedar, Juniperus exeelsa,

is harder and less odoriferous tJian the pencil cedar.

In the ' Sketch of the Eoute and Progress of Lieutenant A. Buruos and Dr. Grerard,

by a recent traveller ' (' Journal of Asiatic Society of Bengal,' Calcutta, vol. i., 1832),

in their adventurous journey to explore the Oxus, it is stated :

—

' While on the banks of the Jelum they were much struck by the imm ense size of

the firs floating down the river. The houses in all the towns along its banks are

roofed therewith.
' Immense cedar trees were seen rolled down from the hills ; it was these which

supplied materials for Alexander's fleet. One tree measured 13 feet in girth, which
may aflford some idea of their applicability.'

There is much confusion in the application of the term Cedar, several trees which
are not cedars being so called.

The cedar ofLebanon is usually called Finns cedrus, but sometimes Cedrus Libanus.

The lofty deodara, a native of the Himalayas, with fragrant and almost imperishable

wood, and often called the Indian cedar, is sometimes referred to tlie genus Pinus,

.

and sometimes to that of Cedrus or Larix, with the specific name of deodara.

The wood of several coniferse is, however, called cedar. The wood of Juniperus
Virginiana is known as the red or pencil cedar, and that of J". Bermudiana is called

Bermuda cedar ; that of J. Barhadensis forms Barbadoes cedar, while the juniper of

the north of Spain and south of Erance and of the Levant is called J. oxycedrus. The
white cedar of North America, a less valuable wood than the red cedar, is yielded
by Cupressiis thyoides, and the cedar wood of Japan, according to Thunberg, is a
species of cypress.

The name cedar is, however, applied to a number of woods in our dififerent colo-

nies which are in no way related to the coniferae
;
thus, the cedar of Guiana is the

wood of Idea altissima ; the white wood or white cedar of Jamaica is Bignonia leuco-
xylon ; and bastard cedar is Ghiazuma idmifolia. In New South Wales, again, the term
white cedar is applied to Melia asedarach, and red cedar, to the Flindersia australis,
as well as to the wood toon tree, or Cedrela Toona.

Cedar wood yields a very fine essential oil by distillation, in the proportion of
about 15 oz. to every himdred pounds weight of wood. The perfumery-makers find
a considerable use for essential oil of cedar. It is now known that all the odoriferous
woods, such as sandal wood, myall wood, rose wood, yield their perfumes at the ordi-
nary temperature. If these woods in chips be put into a glass jar for a year the in-
terior will be coated with a heavy dew of perfume.
CEBAR GVK. A gum used for many medicinal purposes, obtained from the

branches and cones of the Widdingtonia juniperoides.
CEDRA {Cedrat, Fr.) is the fruit of a species of orange, citron, or lemon, a tree

which bears the same name. Its peel is very thick, and covered with an epidermis
which encloses a very fragrant and highly-prized essential oil. The preserves flavoured
with it are very agreeable. The citrons are cut into quarters for the dry comfits,
but are put whole into the liqiiid ones. The liquorist-perfumer makes with the peel
of the cedra an excellent liqueur; for whicli purpose, he plucks them before they are
quite ripe

; grates down the peel into a little brandy, or cuts them into slices, and
infuses these in the spirits. This infusion is distilled for making perfume ; but tho
flavour IS better when the infusion itself is used. See Peefumbey.
CEimoxr.

_
Simaba Ccdron. A tree which grows in the hottest parts of New

Granada. It yields to alcohol a crystallisable substance—cetZnw. It has an intensely
and persistently bitter taste.

CEIESTINE orCEIiBSTITE. {GUestincSv.; Colestin, Ger.) Native sulphate of
strontia SrO.S03(SrSO^). This mineral occurs in prismatic or tabular crystals belong-
ing to the rhombic system, and often resembling tliose of sulphate of baryta. In other
physical characters, also, the two species are likely to be confoimded. Density, ifcare-
fully determined, affords a fair means of discrimination, though the difference is not very
striking; the specific weight of celestine never rises above 4, wliilst that of barytes is
about 4-5. Blowpipe reactions offer better-marked means of distinction ; celestine im-
parting to the flame a cnmson-red colour characteristic of all strontia-compounds whilst
barytes colours the flame yellowish-green.

'

The name Celestine (from ccelcstis, ' sky-blue ') has reference to the pale blue tint
which the mineral frequently presents

; in some cases this has been referred to tho
presence of a trace of phosphate of ii-on. It should be remembered, however that this
colour is neither a necessary characteristic nor a sufficient means of dian-nosis'- many ofthe finest specimens of celestine being colourless, whilst a blue colour, equally pi^nouncedwiUi that of tho most typical celestine, is occasionaUy presented by ciystals of barytes.
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_
Celestino occurs in fine crystals, associated with sulpliur and gypsum, at Girgenti

in Sicily
;
and is also found undor like circumstances at Conil in Spain, With rock-

salt and gypsum, it is found at Bex in Switzerland, and at Isctlin the Salzbimmergut,
It occurs abundantly, also with gypsum, in the New Red marls in the neiglibourliood
of Bristol

;
it is found in nummulitic limestone (Eocene) at Molcattam, near Cairo ; and

in Trenton limestone (Lower Silurian), at Strontian Island and elsewhere on Lake
Huron. It is recorded from the eruptive rocks of Calton Hill, Edinburgh; and
from the neighbourhood of Tantellan in the East Lothians. It is found in chalk-
flints at Meudon near Paris ; and in the gypsum-quarries of Montmartre. Fine fibrous
masses of blue celestino come from the neighbourhood of Jena.

Oelestine is decomposed by ignition with charcoal into sulphide of strontium, which
is converted into the nitrate by the action of nitric acid. The nitrate of strontia is

employed for the production of the red light in theatrical fireworks.

CEIaHriiAR BEAM. An application of wrought iron, in which wrought iron

plates are rivettod with angle irons in the form of longitudinal cells with occasional

cross struts. Fairbairn on Cast and Wrought Iron.

CEXIiTTliOSE. The essential part of the solid framework of plants. See "Watts's
' Dictionary of Chemistry.*

CEMEDTTATZON'. A chemical process, which consists in imbedding a solid body
in a pulverulent matter, and exposing both to ignition in an earthen or metallic case.

In this way, iron is cemented with charcoal to form steel, and bottle glass with gypsum-
powder, or with sand, to form E6aumur's porcelain.

CEnXEirT COPPER. The precipitate of metallic copper, formed by the action

of iron on a solution of a salt of copper, is called Cement Copper. In like manner, the

silver precipitated from a solution of a silver salt by metallic copper is known as

Cement Silver.

CEMEirTS. {Ciments, "Ft. ; C'dmente, Kitte, Gr&r.) Substances which are capable

of assuming the liquid form and of being applied between the surfaces of bodies so as

to unite them firmly when solidifying. They are of very varied character.

Gum, glue, and paste are cements, the uses of which are well known.
Diamond cement is a preparation of isinglass and gum ammoniacum dissolved in

alcohol (see AMMONiActrM Gtjm) : it is employed to mend glass and china.

Sir John Eobinson's cement he thus describes :

—

,*If it be wished to dissolve good isinglass in spirits of wine, it should first be

allowed to soak for soma time in cold water, when swelled it is put into the

spirit, and the bottle containing it being set in a pan of cold water may be brought

to the boiling point, when the isinglass will melt into a uniform jelly, without limips

or strings, which it is apt to have if not swelled in cold water previously to being put

into spirits. A small addition of any essential oil diminishes its tendency to become

mouldy.
' If gelatine, which has been swelled in cold water, be immersed in linseed oil and

heated it dissolves, and forms a glue of remarkable tenacity, which, when once dry,

perfectly resists damp, and two pieces of wood joined by it wiU separate anywhere

else rather than at the joint. Ordinary glue may be thus dissolved, and sometimes a

small quantity of red lead in powder is added.'

Shellac dissolved in alcohol, or in a solution of borax, or still better in naphtha,

forms a good cement. White-of-egg alone, or mixed with finely sifted quick-

lime, -will answer for uniting objects which are not exposed to moisture. The latter

combination is very strong, and is much employed for joining pieces of spar and

marble ornaments. A similar composition is used by coppersmiths to secure the

edges and rivets of boilers ;
only bidlocks' blood is the albuminous matter used in-

stead of white-of-egg. Another cement in which an analogous substance, the curd

or caseum of milk is employed, is made by boiling slices of skim-milk cheeses into

a gluey consistence in a great quantity of water, and then incorporating the mixt^e

with quicklime on a slab with a muller, or in a marble mortar. When this com-

pound is applied warm to broken edges of stoneware, it imites them very firmly after

it is cold.

A cement which gradually indurates to a stony consistence may be made by mixing

20 parts of clean river sand, 2 of litharge, and 1 of quicklime, into a tliin putty with

linseed oil. When this cement is applied to mend broken pieces of stope, as steps of

stairs, it acquires after some time a stony hardness. A similar composition has been

applied to coat over brick walls, under the name of ' Mastic' Portland oolite powder

with a little litharge and oil makes good mastic. ... , ,

The iron-rust cement is made of from 50 to 100 parts of iron borings, pounded

and sifted, mixed with one part of sal-ammoniac, and when it is to bo .-ippliecl

moistened with as much water as will give it a pasty consistency.^ formerly flowers

of sulphur were used, and much more sal-ammoniac, in making this cement, but witu
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decided disadvantage, as the union is eflfected by the oxidisement, consequent exiDan-
sion and solidification of the iron powder, and any heterogeneous matter obstructs the
effect. The best proportion of sal-ammoniac is, one per cent, of the iron borings
Another composition of the same kind is made by mixing 4 parts of fine borings or
filings of iron, 2 parts of potters' clay, and 1 part of pounded potsherds and making
them anto a paste with salt and water. When this cement is allowed to concrete
slowly on iron joints it becomes very hard.
Por making architectural ornaments in relief, a moulding composition is formed of

chalk glue, and paper paste. Even statues have been made with it, the paper aiding
the cohesion of the mass. Some French statuettes are so made.

Mastics of a resinous or bituminous nature which must be softened or fused bv hoat
are the following :

—

Mr. S. Varley's consists of 16 parts of whiting sifted and thoroughly dried bv a red
heat, adding when cold a melted mixture of 16 parts of black resin and 1 of bees'-wax, and stirring well during the cooling.
Mr Singer's electrical and chemical apparatus cement consists of 5 lbs. of resin

ie?L?' .

and 2 tablespoonfuls of Paris-plaster, all melted to-

fn rt« A-
^\^^^^^^^-oi-^^^^B should be calcined beforehand, and added

s inZitVT ^if «<^atum of dement that
IS mterposed, the stronger, generally speaking, is the junction.

Boiled linseed oil and red lead mixed together into a putty are often used bvcoprer-

The resin mastio aloao is sometimes nsed by jeweUers to cement by heat cameos of

alter thSue <" ''""Wets to'^Lnes to

goSld velyilTa^S"" '"^'""'^ bricMnst, forms a tolerably

^ater-ti^ht; butS'liS terraces, m order to make\U

adSL'S^nd bS-Sr' P^^^ ^-^-d by the

grolTSerani'th^fr^^^^^ with bitumen occurs, it is dried,

mineral, vegetkble, or thatScoal-S W^ify.^'^-T^^^ "^'^'"'^ P^^^' ^^^her

be moulded into large slabs or tilesTn" wnS % v^"^.'
getting semifluid, itmay

smeared over with common lime ^n^f
7°° ^^^^^^^h sheet iron, previously

which, being irmoveS p ?es a^^^^^^^^^^^
to the moulds,

artificial bituminous stone ^ThL cemeS ^r.
^""^ of

places, and used for maW IteWel^^^^^^^^ i° many
roofs, water reservoirs3 comS &c^^^^^^^^^^^ ^T'-

^^1^=°^^^^'

run together with hot irons The floor S fCl ^'^'Ti
J°^^t^

with a layer of Paris-iDlaster or .Lr^^ ^
'^^^^"^ previously covered

slope of oi inch to th7;ird: SucSSous ^ ^g^^-
foot; or a foot of squaL surfacrle iXtiitl ^'S' 1^^P°^^^« tlie cubic
second layer of these slabs or t Ip^ ^I f r ? ' Sometimes a
making the seams or io nS of tL u.'

^^^^'^^ ^ of
ones. Occasionally a-'bS Lf bed KarT'lnr'^

""'^^ "°der
larger the slabs are^made, asL as tSe^^^^^^^^^

P"P^^' .^'^^ ^^^Hed. The
so much the better. For hydraulic cZ'2 son F^?. ^ A'^'P""^'^ ^'"^^^ ^^0^°'

.

An excellent cement fo/resis ng Stui^ seight parts of melted glue, of the c?nSnce uslnw
incorporating thoroughly

lin-seed oil, boiled into%arnish with "^'^ P'-^^ts of
eight hours, and renders the joints o wooden cis eiL andLw'^'A compound of glue with one-fourth itsSt of VelA^^^^^^^^ r'"'

/^ter-tight.
serves to cement glass, metal, and wood tl on anolhr ThT^^!' T\prepared, is also a good cement. White-of-cggS flnn. /

1

and smeared over linen cloth, forms a ready lutffoT LSoi^^^^^^^ n
""'^^

White lead ground upon a slab with ^^r^'^^^^^^r^^^^ ^
3 c 2
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air, affords a coment capable of repairing fractured bodies of all kinds. It requires a

few wooks to harden. "When stone and iron are to bo cemented together, a compound

of equal parts of sulphur and pitch answers very well.

Lapidaries' cement is made of resin, tempered with bees'-wax and a little tallow, and

hardened with red ochre or Spanish brown and whiting.

Opticians' cement, for fixing glasses for grinding, is made by mixing sifted wood ashes

with melted pitch, the essential oil of which is absorbed by the wood ashes, and the ad-

hesiveness of the pitch is therefore reduced. The proportions are somewhat dependent

on the temperature of the weather and the qualities of the pitch ; but generally about

4 lbs. of wood ashes to 14 lbs. of pitch are employed, and the coment, if too hard and

brittle, is softened with hogs' lard and tallow.

Japanese cement is said to be prepared by mixing rice flour intimately with cold

water, and then boiling the mixture ; it is white, and dries nearly transparent. See

MORTAH.
For Tortland cement, Eoman cement, Scott's cement, &c. See Hydhatjlic Oements.

CZSNTilVRT. Centaurea calcitrapa. The common star-thistle ; an herb, the root

and leaves of which are bitter. The term centaury is also applied to Eryihrma Cen-

taurium (the common centaury), one of the Gentian family. It is said to be sometimes

used instead of hops.

CENTZARE. See Metbic System.

CEITTXCRADB SCAKE. See Thermometee.

CENTIGRAMME. See Metric System.

CENTIMETRE. See Metric System.

CENTNER. The Zollverein Centner contains 110-231 English lbs. avoirdupois.

CENTRIFITGAK MACHINE. A machine in which advantage is taken of the

force produced by centrifugal motion. Several of the old mills were of this descrip-

tion This term has been not very correctly applied to Barker's Mill as it is often

caUed; but which was fully described by Desaguiliers (vol. ii. p. 468),_in which

water is made to act on a machine by its weight. Barker's mill consists of an

u-pright pipe which communicates with two horizontal branches having holes near

their ends opening in opposite directions. Desaguiliers afSrms the pressure to be the

weight of a column, which would produce a velocity of efflux equal to the difference of

the velocity of the fluid and of the machine ; and hence he deduces that its performance

will be the greatest possible when its retrograde velocity is one-third of the velocity

acquired by falUng from the surface, in which case it will raise ^ths of the water

expended to the same height, which is double of the performance of a miU acted on by

^^S^this fsT^very imperfect account of the operation. When the machine

(constructed exactly as we have described) moves round the water ^^^^ch issues

descends in the vertical trunk, and then, moving along the horizontal arms, partakes

of tSs circular motion. This excites a centrifugal force, which is exerted against the

ends of the arms by the intervention of the fluid. The whole ^^^^J
^j*^^^^^^^^

Dressure (increasing for every section across the arm in the proportion of its distance

Cm the aS and every particle is pressed with the accumulated centnfugal forces

STute sTSonf^^^^^^^ to^he axis. ^E-ry section therefore.

actual pressure proportional to the square of its distance from the axis This ^creases

thrvSvTf efflui, and this increases the velocity of revolution, and this mutual co-

SeraSn iuld seem to terminate in an infinite velocity of "^-'"^

other hand this circular motion must be given anew to every particle of water as it

^nts th7horiLontal arm. This can be done only by the motion aWy in the arm

lr^A at its expense Thus, there must be a velocity which cannot be p^erpassea even

Ty an unSd machine. But it is also plain, that by making the
^^^^^l^^^

capacious, the motion of the water from the a-s to th^^^^^^^^

"^flirof MeeL^^^^^^^
and much of this diminution of circukr motion

P^^^f^/^^^^^^^^ speaking,

Philosophy, by John Kobinson pp. 616 617. ^/f^^'S by vanes,

are such as have water admitted at ^^1° ax s of a hoi ow whe^^^^

which being made to revolve rapidly
-^^Pf ^^X^^}' ^ Sie re*^%hich feeds it,

by which the water reaches the axis of 7^^°°; ' J/g''^^^ into which the

becomes under these circumstances a
^i^^ ^^^^J^

water is received from the periphery of the
^^^.^^^^^^^^^ and Gwynn's.

it upwards, the latter becomes a force pipe.
^PP^IJ^^^^^^^^^^^ employed in raising

are examples of this kind of machine m P^^^;^Jice^^^^^^^^^^^^^ in Amend
large bodies of water to a small height, ^on iAig. 1 m.^toies w

^^^^ _^ ^^^^

1830 ;
Mr,M-Carty erected on in tiie

-^^J^^f^TslX'Eor.s 6c Fcactio.:

Combes describes a centrifugal machine in a paper entat eel ^i<r
^^^^

{Comptes Bcndus, vol. vii. 2me. Semes re 1838 p. 3%)^ .ions W the theory of the

the centrifugal ventilator is discussed, and its oDvious reia
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centrifugal pump pointed out. In August 1838, M, Combes took out a brevet

dinvention, entitled ' Poxu- un machine universelle, a, force centrale, propre a d^placer

les liquidos ot les fluides aeriformes ' {Becherehes theoriques et expcrimentalcs sur les

Eoiies a Ecaction ou it Tuyaux, par M. Ch. Combes, and 'Jurors' Eeport of Great Exhi-

bition,' IBol). Many ventilating machines for mines are_ constructed on this principle.

(See Ventilating Mines ; also Tdhbine.) Whirling machines, which are used for drying

cloth, sugar, and other things, arc entirely dependent on the action of centrifugal

force! These machines are called hydro-extractors.

CERASIir. The name given by Dr. John to those gums which swell but do not

dissolve in water ; such as gum tragacanth. It is synonymous with Bassoeine.

CERATE, from cera, wax. An unguent, of rather a stiff consistence, made of oil,

or lard, and wax, thickened occasionally with pulverulent matters.

CEREAXiIIO'. {Oerealine, Pr.) A mtrogenous substance found by M. M^ge
Mouries in bran. See Bbead.
CEREAZiS. Grasses cultivated for sake of their grain, used as food-stuffs. They

comprise wheat, barley, rye, oats, maize, and rice. The name is derived from the

goddess Ceres.

CERESINE. A by-product obtained in purifying ozokerite for the manufacture

of paraf&n. By treating the crude product with sulphuric and sulphurous acids, and
then with alkalis, pure cerasine is obtained in the form of a white semi-transparent

opaline substance, insoluble in water, but soluble in alcohol, fusing at about 143° F.,

and having a specific gravity of 0'88. In Vienna, ceresine has been used as a substitute

for bees'-wax in certain pharmaceutical preparations. This article is sold in round,
thin plates, a few inches in diameter. It is faultlessly white, scentless, harder than
wax, and translucent at the edges. The fracture resembles somewhat that of wax,
but it cannot be kneaded, either in warm water or between the fingers. It is not
attacked by acids, either hot or cold, and is not in the slightest degree saponified by
caustic alkalis. It is volatile at liigh temperatures and distils over unchanged. It
is closely analogous to paraffin and stearine, but is rendered more waxy in appearance
by being cooled slowly. See Candies—Ozokerite.
CERZITE. A substance which forms from 70 to 80 per cent, of bees'-wax. It may

be obtained by digesting wax for some time in spirit of wine at a boiling temperature.
The myricine separates, while the cerine remains dissolved, and may be obtained from
the decanted liquor by evaporation. Cerine is white, analogous to wax, fusible at
134° P., hardly acted upon by hot nitric acid, but is readily carbonised by hot sul-
phuric acid. "When treated with caustic-alkali ley, it is converted into margaric acid
and cerdine.

CERIVM. A peculiar metal discovered in connection with lanthanum and didy-
mium, in cerite, allanite, ortUte, and a few other minerals of rare occurrence, found in
Sweden. Cerium has also been detected by Prof. Church in a Cornish mineral, which
he found to consist of a hydrous phosphate of cerium ; this mineral has been named bv
Mr. Greville C, Williams, Churchite.

Cerium, extracted from its chloride by potassium, appears as a dark red or chocolate
powder, which assumes a metallic lustre by friction. It does not conduct electricity
well, like other metals ; it is infusible ; its specific gravity is unknown. It has
been applied to no use in the arts. See Watts's ' Dictionary of Chemistry.'
CEROSISTE. A name applied to the wax of the sugar-cane.
CEROTXC ACID. An acid obtained by the action of boiling alcohol on bees'-

wax, or by the destructive distillation of Chinese wax.
CERirSE. A name of white lead. See White Lead,
CERUSITE or CERVSSITE. Native carbonate of lead. See Lead.
CEVI.OII- CATECHU. A variety of the Bombay Catechu.
CEYXOIO- moss. (Plocaria Candida.) See Alg^.

_
CHABASXTE. A hydrated silicate of alumina and lime. This zeolite is found

an the fissures of some trap rocks.

CHAZzrw-ORK is a peculiar style of textile fabric, to which hosiery and tambour-
ing belong. See Hosieby.
CHAXKARA. A coarse sugar obtained from the cocoa-nut and other plantsCHAX.CANTHZTE. A aiamo occasionally applied to the native sulphate of copperCHAZ,CAN-THUM. The ancient name of the native sulphate of iron

"

CHAI.CEDONY. A hard mineral of the quartz family, often cut into sealsUnder it may be grouped common chalcedony, heliotrope, chrysoprase, plasma aeate'
onyx, cat s-eye, sardonyx, carnelian, and sard. ' s °>

CBAI.CEDONVX. The name of those agates in which opaque white chalcedonv
alternates with the translucent grey variety.

"^i-ououy

r^^^^^^^^^rT^' / ^^""^ P^^^^^ a'lcient Mexicans for orna-mental purposes. It haa been vanously referred to jade, turquoise, emerald, &c.
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CKAXiCOIiITZl. A namo applied to copj)er-uranite or torherite, a liydrated
phoBiiIiato of tiraniiim and copper.
CHAXiCOPHYXiltiTE. A liydratod arsenate of copper, known also as iamarile

and copper-mica, the crystals being easily separated into kminae, like mica.
CHAXiCOPYRITZ:. A minoralogical namo for copper-pi/rites. See Coppee.
CHAIiCOSIN'E. A synonym of coppcr-fflance. See Coppeq.
CHAI.COSTXBITE. A sulphide of antimony and copper, from Wolfsborg in

the Hart/.

CKAIiCOTRZCHXTE. A name applied to the hair-like forms of red oxide of
coppor, known commonly as plush copper-ore.

CHAIiK. {Craie, Fr. ; Kreidei Gor.) An earthy carbonate of lime, -vrhito,

opaque, soft, dull, or without any appearance of polish in its fracture. Its specific

gravity varies from 2'4 to 2-6.

The following analysis, by Mr. W. J. Ward, shows the composition of a sample of
chalk from near Gravesend (after having been dried at 212° F.): carbonate of lime,

98'52; carbonate of magnesia, 0'29; sulphate of lime, 0-14; peroxide of manganese,
0'04

;
phosphoric acid and organic matter, traces ;

ignited insoluble residue, chiefly

silica, 0-65.

When purified, chalk is called whiting and Spanish white, in England ; Schlemrn-

Jcreide, in Germany ; blanc de Troyes, and blanc de Meudon, in France. Pure chalk
should dissolve readily in dilute muriatic acid, and the solution should aflfbrd no
precipitate with water of ammonia. Chalk is burnt into lime in great quantities, in

which state it is used as a manure, and for making mortar and whitewash. Some of the

lower beds, which are argillaceous, afford a good hydraulic cement, equal in every

respect to Koman cement.

Of late years, it has become the custom to manure land with unburnt chalk spread

on the surface in the proportion of about 40 loads (tons) to an acre. The effect pro-

duced by chalk applied in its crude state is similar to that resulting from the applica-

tion of quicklime, but more lasting, on some lands not requiring to be renewed for

several years : it also has the advantage of rendering the soil mecJianically lighter,

from the larger quantity in which it is used.

In certain districts, chalk is sometimes used as a building material.

CKAXiK, B]bACK. An indurated clay, containing much carbon. The finer

kinds are used for drawing on paper.

CHAIiK, FREXTCH. Steatite, or soap stone : a soft magnesian mineral.

CKAKK, RED. A clay coloured with the peroxide of iron, of which it contains

about 17 per cent. Also a ferruginous carbonate of lime.

CHAXaliXS. About the year 1832 this article was introduced, and was certainly an

elegant silk and worsted fabric. It was made on a similar principle to the Norwich

crape, only thinner and softer, composed of much finer materials ; and instead of a

glossy surface, as in Norwich crapes, the object was to produce it without gloss, and

very pliable and clothy. The best quality of challis, when finished with designs and

figures (either produced in the loom or printed), conunanded the attention of tho

higher circles, and became a favourite article of apparel at their fashionable resorts

and parties for several years. The worsted yarn for the weft of this article was spun

at Bradford, from numbers 52's to 64's. The making of the challis fabric soon after-

wards commenced in the North, but it has given, way to the ever-varying caprices of

fashion.

CBAILVBEATE is a name given in medicine to preparations of iron.

CKAXiVBXTE. A synonym of carbonate of iron, or spathose iron-ore. See

"'^"cHAMBIiEOW, laXNBRAli. As this compound—so long known in chemistry

as a mere curiosity, on account of the surprising changes of colour which it spon-

taneously assumed—has of late been largely employed for whitening tallow, palm-oil,

and decolouring other organic matters, it merits descnption in this Dictionary. It

exists in two states : one of which is called by chemists the manganate of potash, and

the other the permanganate ;
denoting that the first is a compound of manganic acid

with potash, and that the second is a compound of permangamc acid with the same

base. They are both prepared in nearly the same way: the former by calcimng

together, at a red-heat in a covered crucible, a mixtiire of one part of the black per-

oJde of manganese with three parts of the hydrate of potash (the fused potash of the

apothecary).
^ The mass is of a^green colour when cold It is to

'^^J^^
wat^r, and the solution allowed to settle, and become clear but by "° ~,Jlte^^f'
for fekr of the decomposition to which it is very prone. When

J'^^^^/^^^^^J^J^
evaporated under the exhausted receiver of an air-pump over

^/f'^^^ "^^^'^"f'^
acid, it afibrds crystals of a beautiful green colour, which should

^'f
/'""^^

porous brick to drain and dry. They maybe preserved in dry air, but should be
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kept in a well-corked bottle. They are decomposed by water, but dissolve in weak

water of potash. On diluting this, decomposition of the salt ensues, with all the

chameloon clianges of tint ;
red, blue, and violet. Sometimes a green solution of this

salt bocomos red on being heated, and preserves this colour oven when cold, but

resumes its green hue the moment it is shaken : it might, therefore, furnish the votaries

of St Januai-iuswith an admirable means of mystifying the worshippers at his shrine.

The orio-inal calcined mass, in being dissolved, always deposits a considerable quantity

of a biwn powder, which is a compound of the acid and peroxide of manganese

combined with water. Much of the potash remains unchanged, which may be re-

covered,
T. . •

The permanganate of potash is made by fusing with a strong heat a mixture of

equal parts of peroxide of manganese and hydrate of potash, or one part of peroxide

and two parts of nitre. The mass is to be dissolved in water, and if the solution be

green, it should be reddened by the cautious addition of a few drops of nitric acid.

The clarified liquor is to be evaporated to the point of crystallisation. Even the

smallest crystals of this salt have such an intense red colour, that they appear black

with a green metallic reflection. In the air they gradually assume a steel-grey hue

without undergoing any essential change of nature. A very little of the salt reddens a

large body of water. The least portion of any organic matter added to the solution of

this salt reduces the permanganic acid to the state of peroxide, which precipitates com-

bined with water; the liquor becoming green or colourless, according to circumstances.

A more permanent permanganic salt may be made as follows :—Melt chlorate^ of

potash over a spirit lamp, and throw into it a few pieces of hydrate of potash, which

immediately dissolve and form a limpid liquid. When peroxide of manganese in

fine powder is gradually introduced into that melted mixture, it immediately dissolves,

with the production of a rich green colour. After adding the manganese in excess,

the whole is to be exposed to a gentle red heat, in order to decompose the residuary

chlorate of potash. It is now a mixture of manganate of potash, chloride of potassium,

and peroxide of manganese. It forms with water a deep green coloured solution, which,

when boiled, assiunes a fine red colour, in consequence of its becoming a permanga-

nate, and it ought to be decanted off the sediment while hot. By cooling, the peiv

manganate of potash separates in crystals possessed of ^eat lustre ; but towards the

end colourless crystals of chloride of potassium are deposited. See Manganatbs.
CHAMOISXTE. A hydrated silicate of alumina and protoxide of iron, occurring

as a compact or oolitic iron-ore, at Chamoison, near Saint Maurice, in the Valais.

CHAiaomiKS FKOWERS. The Anthemis nohilis of Linnaeus. The chamomile
grows very abundantly in Cornwall, and some other parts of England. It is culti-

vated at Mitcham and in Derbyshire, for the Loudon market. The chamomile is used
medicinally, and is employed \>j some brewers to substitute hops in bitter beer. It

would be well if no more objectionable bitter was employed.

The essential oil of chamomile is remarkable for its blue colour. In a paper read
before the Chemical Society by Dr. Piesse, ' On the colouring matter of volatile

oils,' this blue body was shown ip an isolated state, and was named by the author
azulene.

CHAMPAGSTB. See WiNBS.

CHAITARCIZiXXTE. An arsenio-antimonial silver-ore, occurring at ChaSarcillo,
in Chile.

CHAPAPOTE. A local name for Mexican asphalt.

CHARBON SVIiFURiquE. This name is applied to the product obtained by
treating pulverised madder, either at ordinary or at higher temperatures, with a con-
siderable quantity of rather strong sulphuric acid. MM. Persoz and Gauthier do
Claubiy had shown that the true colouring principles of madder are soluble without
alteration in strong sulphuric acid, and it was on this observation, turned to practical
account by M. Eobriquet, that the preparation of his charbon sulfurique was based.
After the action of the acid has been continued for several hours, the mass is diluted
with water, the liquid filtered, and the residue well washed and dried. Charbon stil-

furique dyes very strongly, and produces fine colours.

CHARCOAXi. The fixed residuum of organic substances when they are exposed
to ignition out of contact with air.

Wood CHAncoAi.—As wood charcoal may be regarded as, especially, the repre-
sentative of the practically useful charred substances, a description of it naturally
precedes that of the other varieties. The earliest plan of coaling wood, as fiie
manufacture of charcoal was termed, and is still called, is carried on as follows :

A piece of ground is levelled at some convenient spot in the forest, which is
termed the ' hearth ' or ' earth. ' In the centre of this a thick pole or bundle of
brushwood is placed, around which the wood is arranged, some of the pieces being
laid horizontally and others set up at an inclination; or the •wood may bo placed
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cino'twb w^/ "'^^^''^''^^ f'""'" tho centre to form a flattened

tnnrl ]I ^? oTl • r^^P^".^
IS Usually called a he^tp

; the object, whichever way the

Tfl IIfT' ^ ^circulation of air under the heap, to communicate

In I n'^""
^^"'^^ ^« hy then withdrawing the centralpolo or bundle of brushwood. The largo wood should if convenient be at the bottom

ot tie neap, and the outside packed as close as possible; the heap is then covered
vnth small brushwood, and afterwards with turf, or the material most impervious to
ail which can be conveniently obtained. A fire is lighted in the centre chimney, and
by leaving openings m the outside-covering at the bottom of the heap, the fire
soon; extends, and can be guided to any part by making temporary openings to
admit the air. When the heap is sufficiently fired all tho openings are closed, and
lastly the chimney itself. The fire -will always extend most rapidly on the side facing
or towards the wind; and great care must be taken to watch and check this, by
keeping the covering on that side in good order. The charcoal burner must always
be careful to spread the fire as evenly as possible through the heap, and after it is
coaled to stop it dovni carefully ; he can always accelerate the process in any part
of the heap if well built^ by opening tJie outside to admit air freely : but if he finds
this does not act, from any fault in setting the wood, he had better open a hole with
a bar at the place required, and light a fire in the hole ; this will soon communicate
with the mam fije in the heap. As soon as the smoke and white flame cease to
escape at the vents, the whole heap must be closed from the air as carefully as
possible, until the charcoal is quite cooled and is ready to draw. The flre must
never burn too fast ; the slower the process, if the fire is steady and regular, the
better the yield of charcoal. Hard close-grained woods take a longer time to coal
than soft open-grained woods, and should be placed in the heap accordingly. These
technical instructions, handed down in the forests for ages as secrets from father to
son amongst the ' coalliers ' in every country in Europe, are the results of long
practical experience, and strictly accord with the true principles on which the
process is based.

To carbonise wood under a moveable covering, the plan of MeUer, or heaps, is em-
ployed very much in Germany. The wood is arranged either in horizontal layers,
or in nearly vertical ones, with a slight slope, so as to form conical rounded heaps of
dififerent sizes. The former are called ' lying Metier,' fig. 442 ; the latter ' standing
Meiler,' figs. 443 and 444, Both axe distributed in much the same way.

442 443 444

In districts where the wood can be transported into one place by means of rivers,

or mountain slides, a dry flat space must be pitched upon, screened from storms and
floods, which may be walled round, having a slight declivity made in the ground,

towards the centre. {See fig. 445.) Into this space the tarry acid will partially fall,

and may be conducted outwards,

through a covered gutter beneath,

into a covered tank. The mouth
of the tank must be shut, during

the coking, with an iron or stone

slab, luted with clay. A square

iron plate is placed over the inner

orifice or the gutter to prevent it

being choked with coal ashes. Fig. 445 represents a walled Ji«7er station : a, the

station • the gutter; c, the tank, which is covered with the slab d; e,& slab which

serves to keep the gutter clear of coals. The cover of the heaps is formed of earth,

sand, ashes, or such other matter as may be most readily found m the woods. They

should be kindled in the centre. From 6 days to 4 weeks may bo required for

charring a heap, according to its size, hard wood requiring most time
;
and the slowej

the process, the better and greater is the product, generally speaking.

Charring of wood in mounds {Haufe or liegende WerJce), figs._ 446 and 447, diffijrs

from that in the Meiler, because the wood in the Haufe is successively charred, and tho
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The product is said to bo greater in tbis.

or 8 feet long, being laid over each other,

446

charcoal is raked out by little and little,

way, and also better. Uncleft billets, 6

are covered wth ashes, and then

carbonised. The station is some-

times horizontal, and sometimes

made to slope. The length may
be 24 feet, the breadth 8 feet ; and

the -wood is laid crosswise. Piles

are set perpendicularly to support

a roof made of boughs and leaves

covered with ashes. Pipes are

occasionally laid within the upper

part of the mounds, which serve to

catch and carry off" some of the

liquid.

Fig. 448 is a vertical section,

and fig. 449 a half bird's-eye view,

and half cross-section at the height

of the pit bottom, of Chabeaus-

si^re's kiln for making wood charcoal, a is the oven ;
h, vertical air-pipes ; c c,

horizontal flues for admitting air to the kiln ; d d, small pits which communicate by
short horizontal pipes e e, with

the vertical ones
; /, the sole of

the kiln, a circle of brickwork,

upon which the cover or hood, h,

reposes ; i, a pipe which leads to

the cistern Jc
;

I, the pipe destined

for carrying off the gaseous mat-
ter ; m m, holes in the iron cover

or lid.

The distribution of the wood is

like that in the horizontal Meiler,

or heaps ; it is kindled in the

central vertical canal with burn-
ing fuel, and the lid is covered

with a few inches of earth. At
the beginning of the operation all

the draught flues are left open,

but they are progressively closed,

as occasion requires. In eight kilns of this kind, 500 decasters of oak wood are
carbonised, from which 15,000 hectolitres of charcoal are obtained, equal to 64,000
pounds Prench, being about 25 per cent., besides tar, and 3,000 velts of wood vinegar,
of from 2° to 3° Baumd.

449

448

.
At Crouy-upon-the-Ourcq, near Meaux, there is a -woll-constructed kiln for makinc

turf-charcoal. It resembles most nearly a tar-kiln. In fig. 460, a is the cylindrical
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fSomodiat er.^^^^^
aro heated by the flamo which passes through

hiVoTtS tim^^^^^^
'^''^^}' '^''^^''^ P^^^ti^'^^ «f tiles into

thrextSr of 11 nni •
''P""'"?' ""^''^^ ^'^'^^^ «^ ^ho firo c c, vise, and heat

enclSin^ walls ol
apartment. In order to confine the heat, there is in the

staininf S-., ^ °yl^°'^"'=«l l^oUow space d, where the air is kept

th™ thonS -i?
oft in llio upper end at .. the turf is introduced

;

foe-Xo Zn« "'"^ P^^*^"-^' ^'^^^^ ^« ^th ashes or sand. The

cove? ^in Ihlh^^""'
-^^"^ aperture and its outlet is provided with a moveable iron

cons s£ n?rS ^ smal hole for the issue of the gases. The sole of the kiln

isZln lnnt
'^"^

t'
""^'"^ ""'V ^° of ^ook, upon it. This

IS clrawn back after the carbonisation is completed, whereby the charcoal falls fromtno coking space into a subjacent vault. The volatile products are carried off by thepipe A, and led into the condensing cistern ; the gases escaping to the fire-place, where
tftey are burned. The iron slab is protected from the corrosion of the acid vapours bya layer of coal ashes. '

Charcoal obtained by the action of a rapid fire in close vessels is not so soUd and so
good a fuel as that which is made in the ancient way by the slow calcination of pyra-
midal piles covered with earth. One of the most economical ovens for making wood
charcoal is that invented by M. Foucauld, which he calls a shroud, or abri. To con-
struct one of these, 30 feet in diameter at the base, 10 feet at its summit, and from 8
to 9 feet high, he forms, with wood 2 inches square, a frame 12 feet long, 3 feet broad
at one end, and 1 foot at the other. The figures 451, 462 will explain the construction.

451

c B

452

"Mi"'--
464

The uprights, a b and c d, of this frame are furnished with three pairs of wooden
handles a a a, by means of which they can be joined together, by passing through two
contiguous handles a wooden fork, the frame being previously provided with props, as
shown in fig. 452, and covered with loam mixed with grass. A fiat cover of 10 feet

diameter, made of planks well joined, and secured by 4 cross bars, is mounted with 2
trap doors, m n, f^. 454, for giving egress to the smoke at the commencement of the
operation ; a triangular hole p, cut out in the cover, receives the end of the conduit q
E s, {figs. 453 and 454) of wood formed of three deals destined to convey the gases

and condensed liquids into the casks f g h. Lastly, a door t, which may be opened and
shut at pleasure, permits the operator to inspect the state of the fire. The charcoal

calcined by this abri has been found of superior quality.

When it is wished to change the place where the abri is erected, and to transport it

to a store of new-felled timber, the frame is taken down, after beating oflfthe clay which
covers it; the joints are then cut by a saw, as well as the ends of the fork which fixed

the frames to one another. This process is economical in use, and simple and cheap in

construction ; since all the pieces of the apparatus are easily moved about, and may be
readily mounted in the forests. For obtaining a compact charcoal, for the use of

artisans, this mixed process of Foucauld is said to bo preferable to either the close iron

cylinder or the pile.

For making gunpowder-charcoal the lighter woods, such as the willow, dogwood,
and alder answer best ; and in their carbonisation care should bo taken to let the



CHARCOAL 763

vapours freely escape, especially towards the end of the operation, for when they are
re-absorbod, they greatly impair the combustibility of the charcoal.

By the common process of the forests, about 1 8 per cent, of the weight of the wood
is obtained J by the process of Foucauld about 24 per cent, is obtained, with 20 of crude
pyi-olignoous acid of 10° Baum6. By the process described under Acetic Acid, 27 of
charcoal, 18 of acid at 6°, are procxired from 100 parts of wood, besides the tar. These
quantities were the results of careful experimenting, and are greater than can be
reckoned upon in ordinary hands.

Charcoal for chemical purposes may be extemporaneously prepared by calcining
pieces of wood covered with sand in a crucible, till no more volatile matter exhales.
The charcoal of some woods contains silica, and is therefore used for polishing

metals. Being a bad conductor of heat, charcoal is employed sometimes in powder to
encase small furnaces and steam-pipes. It is not affected by water ; and hence, the
extremities of stakes driven into moist ground are not liable to decomposition. In
like manner casks when charred inside preserve water much better than common casks,
because they furnish no soluble matter for fermentation or for food to animalcules.
Lowitz djscovered that wood charcoal removes offensive smells from animal and

vegetable substances, and coimteracts their putrefaction. He found the odour of suc-
cinic and benzoic acids, of bugs, of empyreumatic oils, of infusions of valerian, essence
of wormwood, spirits distilled from bad grain, and sulphureous substances were all
absorbable by freshly-calcined charcoal properly applied. A very ingenious filter has
been constructed for piu-ifying water, by passing it through strata of charcoal of
different degrees of fineness.

When charcoal is burned, one-third of the heat is discharged by radiation, and two-
thirds by conduction.

_
The following Table of the quantity of charcoal yielded by different woods was pub-

lished by Mr. Mushet, as the result of experiments carefully made upon the small
scale.

_
He says, the woods before being charred were thoroughly dried, and pieces of

each kind were selected as nearly alike in every respect as possible. One hundred
parts of each sort were taken, and they produced as under :

—

Lignum Vitae afforded
Mahogany
Laburnum
Chestnut
Oak :

Walnut .

Holly .

Beech
Sycamore
Elm
Norway Pine
Sallow
Ash
Birch

Scotch Pine

26-0 of charcoal of a greyish colour, resembling coke.
26 "4 tinged with brown, spongy and porous.
24 "5 velvet black, compact, very hard.
23-2 glossy black, compact, firm.
22-6 black, close, very firm,

20-6 dull black, close, firm.

19 "9 dull black, loose and bulky.
19-9 dull black, spongy, firm.

197 fine black, bulky, moderately firm.
19-5 fine black, moderately firm.
19-2 shining black, bulky, very soft.
18-4 velvet black, bulky, loose and soft.
17-9 shining black, spongy, firm.
17"4 velvet black, bulky, firm.
16-4 tinged with brown, moderately firm.

Beech
Mahogany

.

Lignum Vitae

15-00

15-76

17-25

Oak
Pir
Box

17-40
18- 17
20'25

^
It is observable that the quantities obcained by Messrs. Allen and Pepys are ingeneral less than tiiose given by Mr. Mushet, which may be owing to Mr.mS not

mSSr^aruTpta" '^^^ enough, to dissipate all thetueoul

To those persons who buy charcoal by weight, it is important to purchase it as soonafto It IS made as possible, as it quickly absorbs a considerable portion of water fromthe atmosphere. Different woods, however, differ in this respect. Messrs.^en andPepys found that by a week's exposure to the air, the charcoal of

Lignum Vitae

,

Pir .

Box .

Beech
Oak .

Mahogany

.

gained 9-6 per cent.
13-0 „
14-0 „
16-3 „
16-5 „
18-0
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The following is a tabular view of tlio volumos of the diflferent gases which were
absorbod in tho course of 24 hours, by one volume of charcoal, in the experiments of
M. Thiodoro do Saussuro, wliicli were conducted in a way likely to produce correct

results. Each portion of charcoal was heated afresh to a rod heat, and allowed to

cool xinder mercury. When taken from tho mercury, it was instantly plunged into tho
vessel of gas :

—

Bicarburettod hydrogen 36'00

Carbonic oxide . . 9*42

Oxygen gas . . . 9"25

Ammoniacal gas . . 90
Mimatic acid gas . . 85
Sulphurous acid . . 65
Sulphuretted hydrogen . 65
Nitrous oxido . . .40
Carbonic acid gas . .35

Nitrogen . . . 7-50

Carburetted hydrogen .
5 '00

Hydrogen gas . . 1'76

Neumann, who made many experiments on charcoal, informs us that for tho reduc-

tion of the metallic oxides, tho charcoal of the heavier woods, as that of the oak and

tho beech, is preferable, and that, for common fuel, such charcoal gives tho greatest

heat, and requires tho most plentiful supply of air to keep it burning ; while those of

tho lighter woods preserve a glowing heat with a much less draught of air ; and that

for purposes where it is desirable to have a steady and a still fire, charcoal should be

employed which has been made from wood previously divested of its bark, since it is

the cortical part which crackles and flies off in sparks during combustion, which the

coal or the wood itself seldom does.

For making crayons of charcoal, the willow is the best wood that can be employed,

as the softness is uniform in all its parts. The durability of charcoal may be seen in

several of our old churchyards, where the letters made with lampblack are still per-

fect, though the white lead with which the body of the stones was painted is entirely

destroyed.

This property of carbon is shown, however, in a more striking manner by the

writings that were found in the ruins of Herculaneum, which have retained their

original blackness for two thousand years. The ancients wrote with ink made from

ground charcoal.

K it be required to purify any carbonaceous matter, to render it fitter for delicate

pigments, this may be done by first calcining it in a close vessel, and then lixiviating

it in water slightly acidulated by nitric acid.

The incorruptibility of charcoal was well known to the ancients, and they availed

themselves of this property upon all important occasions.

About sixty years ago a quantity of oak stakes were found in the bed of the Thames,

in the very spot where Tacitus says that the Britons fixed a vast number of such

stakes, to prevent the passage of Julius Caesar and his army. These stakes were

charred to a considerable depth, had retained their form completely, and were firm

at the heart.
, , . , i. nr.

Most of the houses in Venice stand upon piles of wood, which have ail been pre-

viously charred for their preservation. In this country, estates were formerly marked

out by charred stakes driven to a considerable depth into the ground. These are

occasionally found, and usually the charred portions are quite perfect, although every

other part has decayed. .

AHiMAi Chaecoal.—Animal charcoal especially, and other charcoal occasionally,

has been much employed in the construction of filters for domestic use. The ad-

vantage of charcoal as a purifying agent-through which to pass water—has been

lone established. But it cannot be too generally known that the charcoal, m a tew

weeks loses the property upon which its value depends. When first used, it separates

not only tho matters mechanically suspended in water, but much of the or^mc

matter and salts held in solution. The property appears to be entirely lost in about

two months, after which time it is necessary either to renew or to restore the charcoal.

See Feltbk and Bone Black. „ , ^ t. i.

Lignite CHAKCOAx.-Much of the lignite or brown coal of the Continent has been

converted into charcoal, mth a view to its use in metallurgical ^^orks Mayer

sa^I that very firm charcoal is obtained by charring freshly-dug ligmte with-

out previousl/exposing it to the air. The complaint, however, amo^st metallur-

gStB^that It is not generally sufficiently coherent for the furnace. The foUowing

are a few of tho results of practical experiments :—

Lignite from Cologne, produced per cent, of charcoal

„ „ Iceland „ . »»

Friesdorf

„ ,,
Stosschen „ »

,, „ Paredol „ '

„ „ Oberpfalz • »

36-1

57-5

48-2

40-6

42^0

46-0
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Peat Chaecoai.—Numerous attempts have been maclo from tirao to time to

utilise the peat of our bogs, and especially to bring peat charcoal into use for

smeltino- iron, and other metallurgical processes. As far back as 1712, we are told

by Carlowitz, that peat was charred in piles or stacks as wood is. Vogel informs us

that in 1735, peat charcoal was made in the Hartz. Numerous experiments hare

been made on the Continent to produce a charcoal from peat, which should answer

the requirements of metallurgy. None of these appear to have been entirely success-

ful. Within the last few years, experiments have been made in Ireland to smelt the

hffiinatite iron ore of Cumberland with peat charcoal. The exact results of the

experiments have not been made known, but, certain it is, they did not promise to bo

commercially successful, and the idea has long been abandoned. We learn from the

report of Sir Eobert Kane, that the relative quantities of charcoal and other sub-

stances produced from a himdred parts of peat were found to bo :

—

Average Maximum Minimum

Charcoal . . . . 29-222 39-132 18-973

Tarry matter . . . 2-787 4-417 1-462

Watery products . . . 31-378 38-127 21-819

Gases. .... 36-616 67-746 25-018

From the same report we glean the following tables, giving the determinations of

carbon, &c., in different peats :

—

Eegnault
(Annal. der Pharin.) {Berz, Jahrb.)

Vulcaire
near

Abbeville

Long
near

Abbeville

Champ de
Per, near
Framont

Priesland
compact

turf

Friesland
surface
turf

Holland

Carbon
Hydrogen .

Oxygen
Ash, in 100 parts

•—

—

60-40

5-90

33-64

5-58

60-89

6-21

32-90

4-61

61-05

6-45

32-50

5-33

59-42

5-87

34-71

3-80

60-41

5-57

34-02

0-91

59-27

5-41

35-32

14-25

The following results were obtained by Sir Eobert Kane, from peats from the Irish

bogs ; and published in the Proceedings of the Eoyal Irish Academy :

—

Carbon
Hydrogen
Oxygen
Ash .

Kilbeggan
in Westmeatb

. 61-04

. 6-67

. 30-45

1-83

KUbaha
in Clare

51-13

6-33

34-48

8-06

Cappoge
in Kildare

51-05

6-85

39-55

2-25

The determinations of charcoal and volatile matters found in peat in the foUoM'ing

table, are : 1. from Eue, in Department of Somme ; and 2. from Abbeville, bj'Berthior

;

3. from Vaucluse, by Diday ; 4. from Sdcheral, by Sauvage ; and 5. from Kildaro

;

6. from Kilbeggan ; 7. from Kilbaha ; and 8. Cappoge, by Sir Eobert Kane :

—

1 2 3 4 5 6 7 8

Charcoal . 21-0 23-0 17-3 22-0 23-82 22-67 72-14 23-65

Volatile matter. 72-0 72-2 65-3 S9-2 73-63 75-50 72-80 70-10

Ash 7-0 4-8 17-4 8-3 2-55 1-83 8-06 6-24

Peat is usually charred by methods similar to those employed for the carbonisation

of wood. Kilns, variously constructed, have been i^ged, b\xt the success attending

the production of peat charcoal by them, has not been sufficiently great to induce us
to occupy space with any description of them.

In 1849, Mr. Vignoles, C.E., patented a process for charring peat by steam, super-

heated to the melting point of tin or lead. Pulped peat is thrown in mass into a
cylindrical drum-shaped vessel, divided, if necessary, into compartments, which is

caused to revolve -with great rapidity upon an axis—the velocit;^ requisite being such
as shall drive off the water or other fluid from the solid parts of the peat or turf by
centrifugal force. When all the water is removed from the peat by this process, and
it is in a coherent mass, it is removed and moiilded into blocks. These blocks are
put into large cylindrical iron vessels, into which steam, at from 45 lbs. to 60 lbs.

pressure per square inch, is admitted, after a process of superheating, by traversino-

iron tubes heated to bright redness. This process, although strongly recommended^
has never been practically adopted.

Peat charcoal, as far as heating power is concornod, ranks among tho best kinds of
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S W p<^Jt^ ''^r ^ r ^^'•y «^ "-^tionablo. 100 pounds

duco 47^b7'of nL^!^ f /u^"?^^^
^""^ Richardson, leave 21 lbs. of ash. and pro-

45 per conS: of ash ' ' ^^^""^ ''^"^'^^^l ^^'^tain 21 Ibs^ or

for^^m^tt?pil"^^'t°'^^'y'^T"^^ carbonising it, ^vhich was

SLSt of hot nST ^''^''^'^ "^"'^^^ «^ Green produced a

£S?L ^vvL •
" "^'.^"^^ '"^^"^ of chimneys and fires. He then

lui^^^^^^^ tZ ™gl^t-^T, ^yl'"ders, similar to those employed in making

sind nfllf ^T' S'^^T'^ ""''^ ^« P^^"^ the fuel below. Notwith-

pxocess now earned out on a largo scale.

cendi^^w'"''?
CiLiKC0Ax.-This preparation, which appears destined to become ex-ceodingly valuable, was introduced by Dr. Stenhouse, who thus describes the mode

01 preparation and some of its uses :

—

' The lighter kinds of wood charcoal, owing to the nine volumes of oxygen gascontained in their pores, possess a considerable power of oxidising the m-eatornumber of easily alterable gases and vapours. The absorbent power of charcoal
However, IS comparatively much greater than its capacity for inducing chemicai
combination In this respect charcoal presents a remarkable contrast to spongy
platinum, which, though inferior as an absorbent for some gaseous substances—such
lor instance, as ammonia, of which spongy platinum absorbs only 30 volumes, while
charcoal absorbs ninety—is, nevertheless, immensely more effective, both as an
oxidiser, and as a promoter of chemical combination generally. As it is desirable
for some purposes, while retaining the absorbent power of charcoal unimpaired to
increase its oxidating influences, it struck me that this important object might be
easily effected by combining the charcoal with minutely-divided platinum. In this
way, a combination is produced, to which I have given the name of platinised char-
coal, which possesses the good properties of both of its constituents. In order to
platinise charcoal, nothing more is necessary than to boil the charcoal, either in
coarse powder or m large pieces, in a solution of bichloride of platinum, and when
the charcoal has become thoroughly impregnated with the platinum, which seldom
requires more than ten minutes, or a quarter of an hour, to heat it to redness in a
close vessel—a_capacious platinum crucible being very well adapted for this purpose.
When 150 grains of charcoal were impregnated with nine grains of platinum, by the
process just described, the charcoal was found to have undergone no change in its
external appearance, though its properties have been very essentially altered. When
a few grains of this platinised charcoal were passed up into a mixture of dry oxygen
and hydrogen in the proportions to form water, over mercury, the two gases com-
bined in the course of a few minutes, precisely in the same way as when a clay
ball of spongy platinum is employed. When, however, a fragment of charcoal con-
taining a considerably larger proportion of platinum was passed up into a similar
gaseous mixture, the gases instantly combined with explosive violence, just as if

platinum-black had been used. If pieces of cold platinised charcoal are held in a jet
of hydrogen, they speedily become incandescent, and inflame the gas. Platinised
charcoal, when slightly warmed, likewise rapidly becomes incandescent in a current
of coal-gas, but the jet of gas is not inflamed, owing to the very high temperature, a
white heat, which is required for this purpose.

' In the vapour of alcohol or wood spirit, platinised charcoal becomes red hot, and
continues so till the supply of vapour is exhausted. In the course of a few hours,

spirits of wine, in contact with platinised charcoal and air, is converted into vinegar.

I find that two per cent, of platinum is sufficient to platinise charcoal for most pur-
poseis. Charcoal containing this small amount of platinum, causes a mixtiu-e of

oxygen and hydrogen to combiSe perfectly in about a quarter of an hour, and this

is the strength of platinised charcoal that seems best adapted for charcoal disinfectant

respirators. Charcoal containing one per cent, of platinum causes a mixture of

oxygen and hydrogen to combine in about two hom-s ; and charcoal containing the

extremely minute quantity of ^ per cent, platinum, produces the same effect in from

6 to 8 hours. Platinised charcoal seems likely to admit of various useful applications
;

one of the most obvious of these is its excellent adaptability to air-filters and re-

spirators for disinfectant purposes. It is plain that no easily alterable organic vapours,

such as efiluvia or miasmata, can remain in contact, oven for a few minutes, with

platinised charcoal without being destroyed, their carbon being converted into carbonic

acid, and their hydrogen into water.
' Platinised charcoal also seems likely to prove a highly useful application to malig-

nant ulcers and similar sores, on which I confidently expect, from its powerful

oxidating properties, that it will act as a mild, but effective, caustic. Perhaps, liow-

ever, as an application to sores, platinised asbestos, either alone, or in combination

•with platinised charcoal, miglit be found more manageable. In those diseases also
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where the internal use of charcoal has been found beneficial, I should think that
platinised charcoal may be advantageously substituted. In Bunsen's carbon battery
also the employment of platinised charcoal may, I think, be advantageously tried.

' It is clear that the amount of platinum in the charcoal may bo varied almost at
pleasure, according to the strength of the platinum solution employed in its prepara-
tion, and the purposes to which 'the charcoal is intended to bo applied. Almost any
form, and even very considerable dimensions, may be given to the platinised charcoal—circumstances which greatly extend the range of its applications.'
CHARCOAI.S. The name by which the best tin plates are known; these are

always made by charcoal fires.

CHASCKISCK, or Hashash. Hadschy is not the correct term for this narcotic
drug, for Hadschy means a pilgrim ; the true name is, according to pronunciation,
Chaschisch, the Arab word for hemp {Cannabis sativa). By this name, all intoxicating
drugs whose chief constituent is this herb are well known over the whole of the East.
The mode of preparing chaschisch is the following :

—

_
The tops and all the tender parts of the hemp plant are collected after the period of

inflorescence dried and kept for use. It must be premised that the hemp plant is in
the East distinguished by its narcotic properties, although botanists are unable to
detect any difference between this and the European species. The dried hemp or
chaschisch, is used

—

. '^f-,
.^°^^«<^ ^^^> butter, or oil, with a little water ; the filtered product is employed

in all kinds of pasta^y.

2nd. Powdered for smoking : 5 or 10 grains of the powder are smoked from a
common ^i^Q {tsubuk) with ordinary tobacco {tiitilm), or from a water-pipe (narqiele)
Math another kind of tobacco {tomheki). The tombeki is probably the leaf of a species
01 lobelia; it is smoked m a nargiele, and is uncommonly narcotic ; so much so, that
It is ordinarily steeped in water for a few hours before it is used, to weaken it, and the
pipe IS charged with it whilst it is yet wet.

3rd. Formed with tragacanth mucilage into pastiles, which are placed upon a pipeand smoked m similar doses. These last two preparations are termed esrar (esrar
IS the Arab word for secret)

; they are the most active of all the preparations of
chaschisch, and the first pipe will cause cerebral congestion in beginners

4th Made into an electuary with dates or figs and honey. This preparation is ofa dark brown, almost black colour, and tastes of dates and hemp ; it is less active

6th. Lastly, another electuary is prepared of the same ingredients with the addition

aphSiac
P'^P'^' ^^<i ™"sk. This preparation is used as an

tio?" Thi'tiLn 1^ *° P^P'^r' ^^^"P^'-S^^t the most pleasant species of intoxica-

of Slhi,mo,?r .in
i^fl^ence feels with perfect consciousness in the bestotaU humours; all impressions from without produce the most grateful sensations-

t^lTil^^'T'^r
Ms eyes, and he feels comfortably^Cpy ; S Sshimself the happiest man on earth, and the world appears to him Paradise Eromthis amaginative state he passes into the every-day state, with a perfect r collection

?he ffZ'' r'' 1 °^e^Mng he has done and of every wo?d he has pS
cS^i^il^''TrntT f l^^-'""^'"

emaciation and nervous debility.

bln^.'^T^"^?^ I / f fi^sh-light used for military purposes, obtained by

CHAYToo^ ^r'^^^'f T.^
magnesium through a spfrit fl;me.

^
CHAY ROOT The root of the Oldmlandia umbellata, a plant grown on the

t valued for the red dye-stuff which it yieUsCHECK. A cloth in which coloured lines or stripes cros-s each other rectangularlv

CHEESE. (FroOTa?^, Fr.; Kdse, Ger.) The curd of milk which has been allowed tnuncWgo a peculiar change, by which it acquires the well-known flavom' The mosTcelS

SSI - T"T ^^tured in Cheshire, Gloucestershire, and SomersetshireThe milk of animals contains three principles, which are, by very sHght changes semrated from each other^ By a short repose, an oily portio/risej to the surface of themilk-this consists of the cream globules, which are readily converted into butterIf any acid be added to the milk, a curd separates ; this is the caseous mnftrn;
casein, which being pressed in moulds, becomes cheese ; the tS d 50

°^
serum or whey. The cheesy matter which exists in milk in a soluble^sS °e isTsuaUvseparated by means of rennet {see EENNET)-that is, it is coagulated bv it m 17dered insoluble. The action of rennet upon milk is still verrrpeSy^nVr ^^^^^
In order to investigate the subject, Berzelius washed and diied the stomach Sf^ifand yet he found that one part of this, mixed with nearir2,000 pStrof sH^r, 1milk and heated to 120° F., so completely coagulated t^e Leourmltt rthat notrace of it remained in solution. All acids curdle milk-muriatic (hySocWorfc)
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acid IS eaid to bo used for this purpose in Holland. Somo vegotablos readily
coagulate milk, amongst others the juice of the fig-troo, and the flowers of the Galium
verum, the yellow lady's bod-straw, or clieese rennet. The odour of the flowers of
this plant ip swoot, the stalks and flowers have been used in Cheshire to curdle milk,
and thoy are said to give a peculiar flavour to that kind of cheese.

Ihoro are different kinds of cheeses according to the manner of preparing them.
Soft ckeesesr—aa cream cheese, and ]3ath and Yorkshire cheese, which will not keep

long, and are therefore sold as soon as made.
Hard cheeses—ne Cheshire, Gloucester, Cheddar, Parmesan, and Dutch cheese.
Intermediate—we may regard the Gruytro and Stilton.
The following is the process used for cheese-making in general. The milk is first

strained, then put into a large cauldron, which hangs from an iron crane over a
wood fire, and heated to nearly blood-heat. It is then removed from the fiie, the
prepared rennet is added to it, and stirred till it is well mixed with the warm milk.
The cauldron is then covered with a cloth, and left for about half an hour or an
hour, till the coagulum is formed. This done, the curd is cut horizontally, with a
flat wooden skimming ladle, made for that purpose, into thin slices, which are poured
against the side of the cauldron, so that every portion of the curd thus rises to the
surface, and is thinly sliced. The cauldron is then replaced over the fire, and the

whole is well stirred with a long staff with a knob made of hard wood at the end,

and small sticks placed crosswise through holes bored in it ; this breaks the curd into

very small pieces ; the stirring is continued until the heat is raised to 135°, when the

cauldron is again taken off the fire. It is then stirred for nearly an hour more with

the staff, and when this is done, the curd is found in small pieces about the size of a
pea, which feel elastic and rather tough. The curd is then collected in the bottom
of the cauldron, and the whey floats at the top : a cloth is put under the curd, and
lifted by the four corners on to an instrument, something like a small ladder which is

placed across the top of the cauldron. The whey runs out through the cloth, then

the curd in the cloth is put into a hoop, made of a thin piece of wood ; and a board

about two inches thick is placed over it; it is then put into the press. After

remaining in the press about an hour, the curd is examined, and the edges which

have pressed over the ring are pared off and put in the centre of the cheese. The
cheese is then taken out of the hoop and turned, and a fresh cloth substituted. This

is done two or three times during the day. A little finely-powdered salt is then

rubbed on both sides of the cheese, and it is left in the press until the next morning

;

after that it is taken out and put on a shelf, where it is allowed to remain for six or

eight weeks, having a little salt rubbed into it every day till it will not take any

more. The weather has a great influence on the dairy. In Cheshire, cheeses are

made in great perfection. In making them they are particularly careful to extract

every particle of whey ; to do this they press the curd very tightly in boxes with holes

bored in them ; they then put wooden skewers through these holes into the cheese,

so th^t no whey can possibly remain in the curd. This process gives Cheshire

cheeses the solid appearance which they possess. If there are any holes in them

they are considered imperfect. In these cheeses the salt is mixed with the curd,

instead of being rubbed on the outside of the cheese. This prevents fermentation, or

the formation of any elastic matter. Gloucester and Somersetshire cheeses are

made in just the same way as the Cheshire, except that the curd is not quite so

much broken, or the skewers put through the cheese, and some portion of the cream

is generally taken to make butter. Warm water is poured over the curd to wash

from it any whey that may still be remaining in it, or to dissolve any of the oily

part, or butter, that may have separated, before the milk had been coagulated.
_

Stilton cheeses require great care in making them. They are made by adding the

wecedine evening's cream to the morning's milk. The cream and milk must be well

sometimes powdered with flour and plunged into hot water to harden the outside.

Stilton cheese is generally preferred in a mouldy state, and to hasten this, pieces ot

another mouldy cheese are often inserted in the new Stilton, or ynno or ale poured

over it. But if the cheese is rich, it does not require this, but the inside will get soft

like butter, without getting mouldy.
-i 4 +i i

Gruvere&rxA Parmesan cheeses are made by the process first described
;
the only

difference between them being, that a greater degree of heat is used in making lar-

mesan than in making Gruyero, and this renders the Rarmesnn checso dry and

grained, while the Gruy^re is pressed and compact. A little saffion is also used to

cive Parmesan colour and flavoxu-, but nothing is used for Grnyere.
, . • j

Dut<ih cheeses are made in a very similar way to Gloucester cheeses
;
but instead

Of using rennet to curdle the milk, the Dutch use muriatic acid, or spirits of salt.
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They are very careful to prevent fermentation in this cheese, and in order to effect

this, the curd, after being well broken and pressed, is soaked in salt and water ; salt

is also rubbed on the outside ofthe cheeses, and it thus acquires the quality of keeping
well, even in warm climates. These cheeses are generally known in Holland by the
name of Edam cheeses, from the name of the place where they are made.
Another cheese much used in Holland is one made from skim milk ; not having

much flavour of its own, cummin seeds are mixed with the ciu^d to supply this defect.
The Eoquefort cheese is made in France from goats' or sheep's milk. The evening's

and morning's milk are mixed, and rennet is used in the ordinary way to coagulate it.

The curd is then subjected to great pressure, and when the whey is all extracted, tho
cheeses are laid on shelves, side by side, and frequently -sviped carefully to dry tliom
without heat.

_
They generally wrap the cheeses in coarse cloths, to prevent them

from cracking in drying. "When they are quite dried, they are taken to caves dug in
the rocks, where the air is always cool, and placed on shelves. They are then salted,
and after about two or three days, they are rubbed -with a coarse cloth, and then
scraped with a knife. They are then left for fifteen days, during which time they
get hard, and begin to get mouldy on the outside : the mouldiness is removed by
a knife, and this process is repeated every fifteen days, for two months, and sometimes
oftener. During this time the crust formed on the cheeses becomes successively white,
greenish and reddish ; when it is this latter colour, they are fit for use.
The Brie cheese is another, the quality of which is nearly as good as the last, but it is

only used in the places where it is manufactured, because it will not keep. It is very
simply made

; the milk curdled in the usual manner is put to strain on a wicker frame.
When all the whey has been extracted, the cheese is salted and put in a very cool place

;

the salting is repeated every two days : when salted sufficiently it is removed to a
cave or placed on a bed of hay, until it softens. This cheese should be eaten when it is
about the consistency of cream ; itis then delicious, but if left longer, it becomes putrid.

_

The Neufchdtel cheeses are merely cream thickened by heat, and then compressed
in a small mould. They are esteemed a great delicacy.

rrv^^^^M J^-
^ ^^^^^ relished in Germany, made from skimmed milk,

ihe milk IS curdled by being placed near the fire ; the curds are then put into a
hnen bag, and all the whey pressed out of them. When this has become solid, the
curd IS again broken in a tub, and allowed to remain in this state for several days.
Putrid_ fermentation then begins to take place; when in this state it is taken and
rolled into little balls with the hand, and fiavoured with carraway seed. After a few
days the inside of the ball becomes soft, and it is then esteemed a great dainty by manv
Sometimes they are placed in the smoke of a chimney over a wood fire ; the smoke
Hardens the outside, and when they are eaten, it is taken off like the rind of an apple.Ihe Schahzieger, a Swiss cheese, is made in much the same manner : the curd is

7^2"; , \ ^
i^^^?

^''^^^^^y called in the country dialect

f'f^f-Z ' ^ ^ powdered. It is then pressed into a mould, and becomes very
feohd, and capable of being kept a long time. When eaten it is scraped and mixedwith butter, and spread on bread. It possesses a very peculiar taste.

Iho Jura cheese is very much like the Gruyere, and is often sold for it.

iJ.T ^1^" °I '^''f
° ^^""^ "^^'^^ Switzerland with the whey that is

.ilf u'^^^if^
^''''^^ ^"^'^ ""^til a thick scui^ar ses

;
it is then put in a square box, all the whey runs off and the curd which^

t^e^eor;^"' '

'Y- "i'^' °W flavourless, is Zl Tat n bythe people on the mountains, who use it instead of bread. They cut it in slices andspread butter on it. and it forms the principal food of some of the herdsmen

Composition of Cheese.

CPayen, Journal Pharma.).

Cheese from Chester

„ Parmesan
„ Neufehatol

„ Brie

„ Holland

„ Gruy6ro

"Water

Per ct.

30-39

30-31

61-87

63.99
41-41

32-06

Ash of the
substance

Normal

Per cfc,

4-78

7-09

4-25

6-63

6-21

4-79

Vol,. I.

Dry

Per ct.

6-88
10-18
11- 17
12-08
10-61

7-05

Nitrogen

Normal

Per ct.

5-56
6-48
2-28

2-39

4-10

6-40

Dry

Per ct.

8-00

7-87

6-99

6-14
7'01

7-96

Free
fromash

Per ct.

8-59

8-76

6-07

6-85

7.84
8-56

Pat

Normal

Per ct.

25-48
21-68

18-74

24-83
25-06
28-40

3D

Dry

Per ct.

36-61

31-12

49-15

53-29

42-78

41-81
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If a oliooso is hard and di-y it is much improved by washing several times in soft

water, and then laying it in a cloth moistened with wine or vinegar. This method is

often practised in Switzerland, where cheeses arc often kept for many years.

In ]5ngland, cheeses are frequently coloured : the substance most generally used for

colouring is arnotto. Sometimes the juice of the orange or carrot, and the flower of the

marigold, are used for this purpose. Foreign chooses arc seldom coloured.

Cheese of certain dairies and districts is apt to undergo a remarkable decom-

position, whereby A^alerianic acid is formed. Messrs. Iljonko and Laskowsi distilled,

along with water, a turbid ammoniacal liquor, which being redistilled along with some

sulpliiu-ic acid, and the product neutralised by barytes, the resulting saline compound
proved to be the valerianate of that base, mixed with compounds of butyric acid,

caproic acid, caprylic acid, and capric acid; the cheese was from Limbourg.

Valerianic acid was found by M. Balard in the cheese of Eoquefort.

CHEMXCAXi ATTXNITY. The term used to express the force, in obedience

to wliich combinations of apparently dissimilar bodies are produced.

CHi:ivIICil.Ii FORiauXiX:. See FoBMUJLiE, Chemicax.

CHEIVIICK. See Bleaching.

CHEM'ZiVZXZTE. A hydrous arsenate of peroxide of iron and protoxide of

copper, from Cornwall.

CKERRT COAIi. A soft non-caking coal. The coals of Staffordshire, of

Derbyshire, and much of the Scotch coal appears to belong to this variety. See Coai,.

CKERRV TREE. The Tunbridge turners use the wood largely, considering the

wood of the black-heart cherry the best. It is a hard, close-grained wood, of a pale

red-brown colour.

CKERT, a siliceous mineral nearly allied to chalcedony and flint. It generally

occurs in limestone rocks, and beds of it are not uncommon in parts of tha Mountain

Limestone. A gradual passage from chert to limestone is not uncommon.

—

L^ell.

Chert is a term often applied to hornstonc, and to any impure flinty rock, including

the jaspers.

—

I>a7m,
. » -c.,. .

Chert is worked extensively out of the Carboniferous Limestone quarries of J^lint-

shiro, especially at Halkin and at Talacre. It is also produced in considerable quantities

in the same formation in Derbyshire. It is used in the Potteries, for paving the mills

in which flints are ground.

CHESSY COPPER or CHESSYIiITE. The blue carbonate of copper which

is found in great beauty at Chessy near Lyons. See Aztjeitb.

CKESTirVT. {Castanea vesca.) The wood of this, the sweet or Spanish chest-

nut, is sometimes used in house carpentry. The wood of an oak {Qiwrcus sessilifloru)

is often mistaken for it.
v . i. .1 i,-,. i

The wood of the horse chestnut (Mscuhis hippocasianum) is one of the white woods

much used by the turners of Tunbridge ; it is also employed for brush backs. The

white (i7i7ier) bark of the horse chestnut, when infused in boiling water, produces a

vellow fluid, which possesses the remarkable power offluorescence, that is, it throws

hack from its first surface a set of rays of high refrangibility, and of a blue colour,

while the ordinary yellow rays are duly transmitted. The phenomena have been tuUy

investigated by Professor Stokes, to whom the name is also due. See Pluoeescence

CHICA is a red colouring principle made use of in America by some Indian tnbes to

stain their skins. It is extracted from the Bignonia chka by boiling its leaves in water,

decanting the decoction, and allowing it to settle and cool, when a red matter falls down,

which is formed into cakes and dried. It is not much used in this country. The crajuru

or carcuru, which is imported from Para in Brazil is more frequently employed.

The dyes are probably identical, but one is purer than the other, bee Oaiujtjea.

CHICORV. The root of the Chicorium intyhiis ; Wild Succory or Chicory, ihis

plant is cultivated in various parts of England, growing well in a gravelly and cha^

soil ; also in Belgium, Holland, Germany, and France. The roots of tiie ^vJd succo^^

wer^ formerly used medicinaUy ; it possesses properties in many
^^.^Pf^f^^;/;™

those ofthe dandelion, but it is rarely employed for c^r^t^^ PfP"^^^ P'^^'^J5^^^
Chicory root roasted has been employed as a substitute for coffee for more than a

cer^t^ (Constantini, Nachricht von d. Cichonanwurzel, 1771.) It is
^^^ft^^

extSely as a mixture with coffee, which, although allowed, cannot be regarded other

than an adulteration. i„- „ oa rto rnn.<?)-in«»

Chicory root is heated in iron cylinders, which are kept revolving as in the roasting

of coffee. In this country about two pounds of lard are
.^'^'^.^J, °./7J,,'t?^"and

chicory during the roasting process : in France butter is used
;

^yjf^^ 'Srv °
s

colour resembling that of coffee is imparted to it. men ^"^^^^ed the chicor^^^

ground to powder and mixed with the coffee. Chicory has b-'^.^ffP^f^.iJ^^^f","^^
persons to be wholesome and nutritive, while others contend ^h^' it is neither one

nor the other; however, no obvious ill eff'^cts have been obsorvod o^^^^^^

employment, f we except the occasional tendency to excite djarrh^a when »t has
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been used to oxcesa. The analysis of chicory root by John, gave 25 parts watery
hitter extractive, 3 parts resin, besides sugar, sal-ammoniac, and woody fibre. Waltl
procured imdin from it, but the quantity varies greatly in different roots. The
following remarks on the adulteration of chicory are by Dr. Poreira :

'EoaSted chicory is extensively adulterated. To colour it, Venetian red and
perhaps, reddle are used. The former is sometimes mixed with the lard before this
is introduced into the roasting macliine ; at other times it is added to the chicory
during the process of grinding. Eoasted pulse (peas, beans, and lupines), corn (ryo
and damaged wheat), roots (parsnips, carrots, and mangold mirzel), bark '(oak-bark
tfin), wood dust (logwood and mahogany dust), seeds (acorns and horse-chestnuts)
the marc of coffee, coffee husks (called coffee-flights), burnt sugar, baked bread do^^
biscuit, and baked livers of horses and bullocks (!), are substances which are said to
have been used for adulterating chicory. A mixture ofroasted pulse (peas usually) and
Venetian red has been used, under the name of Hambro' powder, for the same piirpose
'The following are the cliief modes of examining chicory with the view to the

detection of these adulterations :

—

_ '
1st. Careful examination of the odour, flavour, and appearance to the naked eye

ot the suspected powder. In this way foreign substances may sometimes be detected
_

'2nd. A portion of the dried powder is to be thrown on water ; the chicory rapidlv
imbibes the water and falls to the bottom, whereas some intermixed powders (as the
marc of coffee) float.

'3rd. The suspected powder is to be submitted to careful microscopical examina-
tion. Pulse and corn may be detected by the size, shape, and structure of the starch
grains. The tissues of barks, woods, and other roots may also be frequently distin-
giushed from those of the chicory. ^ j

<^o^u.

' 4th. A decoction of the suspected chicory is then to be prepared, and, when cold,
to be tested with solution of iodine and persulphate of iron

../^r'l''\r-T'
of pure chicory brownish; whereas it produces apurphsj, blmsh, or blackish colour with decoctions of roasted pulse, rofsted cSnbaked bread, roasted acorns, and other substances containing starch. Persulphate orperchloride or iron does not produce much effect on a decoction of pure cSy but

funr°''t ? ^ blackish tint to a decoction of oak-bark, of roasted aLnsand other substances containing tannic or gallic acids.
'^i-ornh,

fnw??"i
^P^^^.^'^ation pure cbied chicory yields from 4 to 5 per cent, of a grey orfawn-coloured ash If Venetian red, or any earthy or mineral substances be pfesenTa larger amount of ash is obtained. Moreover, when Venetian red has Sen empToyedthe colour of the ash is more or less red.'

empioyea,

Our Importations of Chicory have been as follow :—
Baw or Kiln-dried at \l. Qs. 6d. per cwt. duty, imposed April 17, 1863.

p 18^1 „ 1872

Prom Belgium
. . . 74.67 54^10

Other Countries
. [ 3,308 1,796 ^'^2

^fiU

Total.
. . 77,375 55,915 101,504

Boasted or Ground at U. per lb. duty, imposed Apnl 1 7, 1 863.

Pwt,
'^^^^

s-
1872

From Belgium
. 122 S^*^ i n^o .^^^ ^

Eussia
• ^'^^ 107,973 929

Other coimtries . [ ggg ^gj^J JfO

Total.
. . 134,816 i^^

' —

9-5; water, 18-3. At Crinnis mine in Cornmll cS(^L1te^ffr^^
near Tavistock in Devonshire, with apatite '

^« ^^^"^ on slate, and

cSSiS^^Y^'''^*'; ^f'^' o^ <^^bic nitre.
'

MiTSa'fn Ch1le™'''° ^^^^"^ '''' -l-r mine of

the^;™;"™'' "^^"'^ '^'^'^^ -P---' -lued for
CHiMWEY. (CkeminSe, Fr.

; Schornstein, Ger ) (The wbolr, <t
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of much valuo.) Chimnoy is a modern invention for promoting the drauglit of fires

iiud carrying off the enioke, introduced into England so lato as tlio ago of El)z.\betli,

tlioiigh it seems to have boon employed in Italy 100 years before. The Romans,
with all their luxurious refinement, must have had their epicurean cookery placed in

perpetual jeopardy from their Idtchen fires, which, having no vent by a vertical tunnel

in the walls, discharged their smoke and frequently their flames at their windows, to

the no small alarm of their neighbours, and annoyance of oven the street passengers.

Chimneys in dwelling-houses serve also the valuable purpose of promoting a salu-

brious circulation of air in the apartments, when not foolishly sealed with anti-venti-

lating stove-chests.

Tlio first person who sought to investigate the general principles of chimney

draughts, in subserviency to manufacturing establishments, was the celebrated Mont-

golfior. As the ascent of heated air in a conduit depends upon the diminution of its

specific gravity, or, in other words, upon the increase of its volume by the heat, the

ascensional force may be deduced from the difference between the density of the

elastic fiuid in the interior of the chimney, and of the external air; that is, between

the different heights of the internal and external columns of elastic fluid supposed to

be reduced to the same density. In the latter case,_the velocity of the gaseous pro-

ducts of combustion in the interior of the chimney is equal to that of a heavy body

let fall from a height equal to the difference in height of the two atrial columns.

To illustrate this position by an example, let us consider tlie simple case of a

chimney of ventilation for carrying off foul air from a factory of any kind ; and suppose

that the tunnel of iron be incased throughout with steam at 212° Fahr. Suppose this

tunnel to bo 100 yards high, then the weight of the column of air in it will be to that

of a column of external air 100 yards high, assumed at 32° Fahr., inversely as its ex-

pansion by 180° ; that is, as 72-727 is to 100. The column of external air at 32°

being 100 yards, the internal column will bo represented by 72727; and the difference

= 27-27, will be the amount of unbalanced weight or pressiu-e, which is the effective

cause of the ventilation. Calculating the velocity of ciurrent due to this difference of

weight by the well-known formula for the fall of heavy bodies, that is to say, multi-

plying the above diflference, which is 27-27 ,
by the constant factor 19-62, and extracting

the square root of the product; thus, V19-62 x 27-27 = 23-13 will be the velocity in

yards per second, which, multiplied by 3, gives 69-39 feet. The quantity of air which

passes in a second is obtained of course by multiplying the area or cross section of the

tunnel by this velocity. If that section is half a yard, that is=a quadrangle 2^ feet

by 2, we shall have 23-13 x 0-5= ll-.')65 cubic yards, = 312^ cubic feet.

The problem becomes a little more complicated in calculating the velocity of air

which has served for combustion, because it has changed its nature, a variable pro-

portion of its oxygen gas of specific gravity Mil being converted into carbonic P.eid

"as of specific grav-ity 1-534. The quantity of air passed through well-constructed

furnaces may, in general, be regarded as double of what is rigorously necessary for

combustion, and the proportion of carbonic acid generated, therefore, one half of

what it would be were all the oxygen so combined. The increase of weight in such

burned air of the temperature of 212°, over that of pure air equally heated, being taken

into account in the preceding calculation, will give us about 19 yards or 67 feet per

second for the velocity in a chimney 100 yards high incased in steam.

In comparino- the numbers resulting from the trials made on chimneys of different

materials and of different forms, it has boon concluded that the obstruction to the

draught of air is directly proportional to the length of the chimneys and to the square

of the velocity, and inversely to their diameter.
, . , ^ _ . , . .

With an ordinary ^vrought-iron pipe of from 4 inches to 5 inches diameter, at-

tached to an ordinary stove, burning good charcoal, the difference is prodigious be-

tween the velocity calculated by the above theoretical rule and that observed by means

of a stop watch, Ld the ascent of a puff of smoke from a little tow dipped in oil of

turpentine thrust quickly into the fire. The chimney being 45 feet high, the tem-

perature of the atmosphere 68° Fahr. the velocity per second w^^:^

Trims By theory By experiment *yS°S'^
1 . . 26-4 feet . . 5 feet . . . 190/^^-

2 . . 29-4 „ . . 5-76 „ . . . 212 „

3 . . 34-5 „ . . 6-3 „ . . . 270 „ .

To obtain conccruitv between calculation and experiment, severaL circumstances

mus btXSucKo our formula. In the first pUxce the th-e^^J ^ o^^^^^^^^^^

be multiplied by a factor, which
\^ .f^f^^l^^!^'^^^^^^

bricks, pottery, sheet iron, or cast iron. 11ns lactx)r mubt
^ divided bv its

square root of the diameter of the chimney (supposed to be round> cUviaoa by its
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length, increased by four times its diameter. Thus, for pottery, its expression ia

2-06 ; D being the diameter, and z the length of the chimney.

A pottery chimney, 33 feet high, and 7 inches in diameter, when the excess of its mean
temperature above that of the atmosphere was 205° Fahr., had a pressure of hot air eauil
to 117 feet, and a velocityof 7-2 feet per second. By calculatin|frortho last?3
Uie same number very nearly is obtained. In none of the experiments did the velocitvexceed 12 feet per second, when the difference of temperature was more than 410°rahrEvery different form of chimney would require a special set of experiments to bemade for determining the proper factor to be used.

i^«uts to oe

J^^'
troublesome operation may be saved by the judicious application of a delicatecbfforentml barometer, such as that invented by Dr. Wollaston

; though this instrumentoes not seem to have been applied by its very ingenious author in measuring tLdraughts or ventilating powers of furnaces.
oi-uiii^ uio

tbfnfW I'^ii''?
*^^^^ff^^e°tial siphon, water be put, and fine spermaceti oil intothe other, we shall have two liqmds, which are to each other in density asthe numbers

of verv nearifon t?if ^''^^^^^l'^ ^"«tead of water, we shall then have the relation
01 very nearly 20 to 19. In expenments made on furnace draughts with the instru-

Tns Me • Tor tfe'w.r''?'' 'T^ ''''' '''' ^^''^ oil^siphon is suffiSt y
irffribietrteSti^^^^^^^^

"^'-^'^''^ and oil will b^

woTf ^^V'''*^'''^^^''"°J''^^°^,*''^^°^*^^^°sti™nt, as described by Dr Wollaston it

S llT ^""T'^- f,
^'^ to cut off the actfon of he rfiimnev

; th it?1Son^?n?o7;l^^ ^ proper state of adjStmeS;wen its junction-lme of the oil and water at the zero of the scale Since a ^Mn-ht

th71p.cXbi ntlnneTcX^^^^^ barometer is thnistinto

return £ the .ero of the scLrl^fc^^^^^^^^ - -l^o-^ to

a feT^iTZSZ^::ref:r^^^^ instrument^it will be sufficient to describe

liuxt<;n, a^d S sLn Meux Barf ti J^T"'' f- ^T'''- ^^^W. and
by Dr. Ure ; in the latter of wlSb hit

machine factory of Messrs. Braithwaito
trials at the breS f the en^of tt In ^"T't ^/P^^" 1° the first

was lapped roundS hemp and mad Stll'tt'^''^ ^ ""^'T'^'^
^^^^^"^^ter

door of a wort-copper commuScStTr^. Wlf f • ''l?''^^''
peep-hole of the furnace

inches square andTo feetS TK i^T^P^^^ chimneys, each 18
at the time. The adiustment of th«Wl V ^ ^'^^''^ ^^"^ ^ts average intensity

and the junctionK of the oU a^^^^^^^

the stop-cock orifice was opened!
spending to ?s^=0-156 of 1 inoW f^ter rose steadily, and stood atU inch corre-

ference ^f pressure intoes atlo i y 72?f:e^tr'^'tVperiments, the extremity of the stop cock , i,^'? I
''^^"^

chimney stalk of the boiler of aXit^rand W ??
^ '^''"''^^

power. The area of this chimnev was ex^oHv i J- i

^team-engine of twenty-horse
bored hole, and its summit ro"e 5^0 TeetTotJ i t^'^

°^
below that level. On openint? tWtn^ wi •

^^.^ fire-grate was about 10 feet

experiment was verifieS^y repet^ on uC^^^^
junction-line rose 2^ inches. This

average intensity, and conUbg X^TlbfS^^^^^^power, or nearly one ton and a third in twi?!; T;

best coals hourly for each horse's
by 8 the quotient 0-28 will represen the

^^'^^ the number 2}
in the siphon by the unbalaS pVeJufe J'^^^^^^^

inch of water supported
which corresponds to 19i feet ofL and n^^

^^'^ chimney;
of 35 feet pe? second. The consitmpSon of 'It ^'^T^ ^""'^^^t
immense grate under the wort-cS ZTi i/^t ,'^^^^^ considerable in the

^
In the experiments at MessrsSttai eS^^^

steam-engine boiler,

the unction-line was 1 inch, wLftLSSntSl o7;S° T^T'™ displacement of
.n direct communication with a chimney iTS^^ ^^^'^'^
and when the fire was made to bm-n so fiercdv ?hn7f '

^'^?°Sing to a steam boiler,
the bo ler, the excess of steam beyond tit3™^^^^ •

safety-valve of
snch violence as to fill the wiiole premises Th™«^ f ''"'^'''^ with
water denotes a velocity of cbuughTo? 23 4 felf^ersecond

"""""'^^'^
^^'^ °f
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In building chimneys, wo should bo careful to make their area rather too largo

than too small ; becauso wo can readily reduce it to any desired size by means of a

sliding register plate near its bottom, or a damper plate applied to its top, adjustable

by wires or chains passing over pulleys. Wide cliimneys are not so liable as narrow

ones to have their draught afifuctod by strong winds. In a factory, many furnace flues

are often conducted into one vortical chimney stiilk, with great economy in the first

erection, and increased power of draught in the several fires.

Vast improvements have been made in this country of late years in building stalks

for steam boilers and chemical furnaces. Instead of constructing an expensive, lofty

scaffolding of timber round the chimney, for tlie bricklayers to stand upon, and to

place their materials, pigeon-holes, or recesses, are loft at regular intervals, a few feet

apart, within the chimney, for receiving the ends of stout wooden bars, which are

laid across, so as to form a species of temporary ladder in the interior of the tunnel.

By means of these bars, with tho aid of ropes and pulleys, everything may be pro-

gressively hoisted for tho building of the highest engine or other stalks. An expert

bricklayer, with a handy labourer, can in this way raise,*in a few weeks, a considerable

chimney, 40 feet high, 5 feet 8 inches square outside, 2 feet 8 inches inside at the base,

28 inches outside, and 20 inches insido at the top. To facilitate the erection, and at

the same time increase tJie solidity of an insulated stalk of this kind, it is built with

three or more successive plinths, or recedures, as shown in^^. 465. It is necessary to

make such chimneys thick and substantial near the base, in order that they may sus-

tain the first violence of the fire, and prevent the sudden dissipation of the heat.

Wlien many flues are conducted into one chimney stalk, tho area of the latter should

be nearly equal to the sum of the areas of the former, or at least of as many of them

as shall be going simultaneously. When tho products of combustion from any

furnace must be conducted downwards, in order to enter near the bottom of the main

stalk, they will not flow off until the lowest part of the channel bo heated by burning

some'wood shavings or straw in it, whereby the air siphon is set agoing. Immedi-

ately after kindling this transient fire at that spot, the orifice must be shut by which

it was introduced ; otherwise the draught of the furnace would be seriously impeded.

But this precaution is seldom neceasary in great factories, where a certain degree of

heat is always maintained in the flues, or, at least, should be preserved, by shutting

the damper plate of each separate flue whenever its own furnace ceases to act. Such

chimneys are fimished at top with a coping of stone-slabs, to secure their bnck-work

against the infiltration of rains, and they should be furnished with metallic conducting

rods, to protect them from explosions of lightning.
_

When small domestic stoves are used, with very slow combustion, as has been

proposed upon the score of a misjudged economy, there is great danger of the

inmates being suffocated or asphyxied, by the regurgitation of the noxious biumed air

The smoke doctors who recommend such a vicious plan, from their ignorance oi

chemical science, are not aware that the carbonic acid gas of coke or coal must be

heated 250° F. above the atmospheric air to acquire the same low specific gravity

with it In other words, unless so rarefied by heat, that gaseous poison will descend

through the orifice of the ash-pit, and be replaced by the lighter air of the apartment

Drs Priestley and Dalton have long ago shown the co-existence of these twofold

cros'sing currents of air, even through the substance of stoneware tubes. True

economy of heat and salubrity alike require vmd combustion of the fuel, with a

somewhat brisk draught inside of the chimney, and a corresponding abstraction of

ar^om the apartmlnt. Wholesome continuous ventilation, under the ordinary

circumstances of dwelling-houses, cannot be secured in any other wnj.

Tr fi^e upo^the following page represent one of the two chimneys erected at

theCaS Town station, for the London and North-Western Kailway Company. The

cMmrrwere S^^^^ Eobert Stephenson, Esi- engmeer to the company,

and executed by William Cubitt, Esq., of Gray's Inn Eoad. In the sectiom/y. 45o,

paviours (a peculiarly good kind of bricks).

E, shaft built of Malm paviours in mortar.
_ „

J r^a^p^nSra^^^^^^^^^
dressings bdng tied together with copper cramps and an iron bond.

^^l^^^^^ of the top upon an enlarged scle.

Fig. 457, a plan of the foundation, upon an enlarged

Fig. 458, ditto, at the level of the entrance of the flue as seen in
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Fig. 459, the elevation of the chimney.

Fig. 460, plan at the ground level i, mfigs. 455 and 459.

Some modified arrangements in the mode of constructing the chimney and fire-place
have been debased by Colonel Douglas Gallon. These -will be found fully described in
the Report of the Committee ' On Waste of Coal in Combustion,' in the Eeport of tho
Eoyal Coal Commission.

of*;f„'^f^-?''^T' ^J^^.^J't^f-^y produced by the decomposition of the felspa*

DcvlXe'^eetiv.'' " this cotfntry. in CornwauS
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CHINA GRASS. A fibre obtained from the stalk of the Boehmeria
(
Urtka) nivea,

a plant belonging to the Urticacea, or Nettle order.
CHINA XK'K.. {Kncre de Chine, Fr. ; Chinesischer Tusch, Got.) It is said tliat

the true Cliina ink is made from the condensed smoke or soot of burned camphor

;

and hence, when of the best quality, it has this odour.
Most of the China ink is made from oil lampblack, disguised as to smell with

musk, or with a little camphor-black. The binding substance is gektine, commonly
made from parchment ; but isinglass answers equally well. A good imitation may
bo inado by dissolving isinglass in warm water, with the addition of a very little

alkali to destroy the gelatinising power, and incorporating with that solution, by
lovigation on a porphyry slab, as much of the finest lampblack as to produce a mass of
the proper consistence. The minute quantity of alkali serves also to saponify the oil

whicli usually adheres to lampblack, and thereby to make a pigment miscible with water,
CHINA STONE. This is usually regarded as a semi-decomposed granite

{Petuntse) which has nearly tlie samo composition as the China clay (see Clay).
' Indeed, the China clay can be considered as little more than thi^ granite in a more
advanced state of decomposition.'

—

l)c la Beche. It is evident that we have adopted
the word Be-tun-tse somewhat hastily as indicating this peculiar granite. The fol-

lowing note by M. A. Salvdtat will explain its true meaning :

—

' Nous ferons observer une fois pour tout que I'expression Pe-tun-tse d^signe les

tablettes ou carreaux de matiere blanche dont on va parler, et que la p4te blanche

s'appelle Pe-tun. Le mot Tse {wAgofils) qui termine le mot Pe-tun-tse, sert a. former

des substantifs diminutifs. Ainsi Pe-tun signifie la matifere blanche et Tse ajoute A

Pe-tun indique des portions, des carreaux de p^te, des briquettes de Pe-tun. Ilya
des carreaux de pS,te de diiF^rentes couleurs : pour les distinguer, on fait prdceder le

mot Tim-tse du nom de la couleur. On dit, par exemple, Hoang-twi-tse, des carreaux

de pate jaune.'

—

Histoire et Fabrication de la Porcelaine chinoise, Paris, 1856.

The China stone is a kind of granite, the felspar of which is in a peculiar state, as

if it had undergone a partial decomposition. It is carefully selected so as to be en-

tirely free of schorl, and requires no other preparation for the market than to be broken

into a size convenient for carriage. This granite is of a peculiar nature ; it does not

contain any mica, but numerous glossy scales of greenish-yellow talc. It has been

stated by some authors that ' this rock {Pegmatite or Graphic granite), after exposure

to the decomposing action of the weather, is the chief source ' of the China stone and

clay. This represents but very imperfectly—indeed, incorrectly—the conditions.

The decomposition of the granite, if it be decomposition, is not brought about by the

action of the weather, but by some peculiar action proceeding to a considerable depth

through the whole mass. In many places, from the very surface to the depth of more

than 100 feet, this condition is equally apparent; and possibly it extends to muoh

greater depths in some places. The same stone exposed to the air does not, in any

ordinary time, exhibit any signs of disintegration. No satisfactory explanation has

yet been offered of the conditions which operate on the granite to produce the Kaolin

and the China stone. Indeed, in the minds of many, who have carefully observed all

the conditions of the China clay and of the China stone in situ, there has originated

the idea, that they rather represent the conditions of an imperfectly-formed granite,

than of such as has suffered decomposition. China stone is much used in the manu-

facture of the finest varieties of porcelain, and especially for the production of the

most perfect glazes.
_

There was an agreement existing amongst the producers of China stone to send off

annually only 12,000 tons ; but when the demand is brisk, this has been extended to

18,000 tons, and sometimes even more. The value of the China stone at the works

in Cornwall is annually about 1,800^. The whole that is raisedis sent to the Stafford-

shire potteries.
. . .

CHINESE Several compositions are sold under this name ; it is some-

times a mixture of ultramarine with flake white, and sometimes a mixture of cobalt

blue and white lead. See Blue Pigments.

CHINSISE GRASS CIiOTH, or Ea7nee. A fabric woven from China grass.

CHINESE TAMOW. A white vegetable tallow covering the seeds of the

Stillinqia sehifera. It is used in making candles.
.

Ch'inese wax. a white waxy secretion, resembling spermaceti, louna on

the branches of a species of ash {Fraxinus Chinensis), grown in China, and probably

produced by the puncture of an insect {Coccus Pe-la). The wax is chiefly a cerotate

of ccryl. It is used in China for making candles.

caiNOISINE. A brownish rosin-liko substance obtained from Uie motlier-liquor

left in the preparation of quinine.
. , ,

CHINOXINE. C'H'N (C'H'N).—A volatile base, found in coal naphtha, ana

also, accompanied by several others, in the basic fluid obtained by distilhngcinchonine

with potash.—C. G. W.
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CSXItO^tNTl BXitTi:, Cyanme or Lepidine Blue. A crystalline compound, pre-

pared by licating chinolino oil, 'which consists chiefly of lepidine, -with iodide of amyl,

and treatino- the product with caustic soda. A black resinous precipitate is thus

obtained, which dissolves in alcohol with production of a fine blue colour.

CHlwrTZ. {Zitz, Ger.) Probably derived from the East, the Hindoo name

ckeeni, and the Persian chim, signifying spotted or stained. The term is applied in

this country to a fast-printed calico, in which several colours are imprinted upon a

white or coloured ground, and usually glazed.

CHIOS or CHXAM' TITRPBIffTlNB. The Pistacia terebinthus, grovdng in

S^T-'ia and the Greek Archipelago, yields this turpentine. The turpentine harvest of

» Scio, according to Tournefort, is made from the end of July to October, by cutting

crossways with a hatchet the trunks of the largest trees. The turpentine runs down
on flat stones placed under the trees, is^here it hardens. The quantity produced from

each tree does not exceed eight or ten ounces. Its consistency is that of honey ; its

colour greenish-yelloTV, with an agreeable turpentine odom:. It is often called

Cyprus turpentine, but is seldom seen pure in this country, other coniferous turpen-

tines being sold for it.

CHI.02£AIi. 0*HOPO* (C'HCl^O). This compound, discovered by Liebig in

1832, is prepared by the long-continued action of chlorine on ethyl-alcohol. A current

of dry chlorine gas is passed slowly but continuously through absolute alcohol, and

the final product is a yellow liquid rich in chloral. Both the gas and the alcohol

should be free from moisture, as otherwise the proportion of chloral is diminished,

whilst that of aldehyde and acetic acid is increased; the reaction, towards the close,

should be assisted by heat. It appears that an alcoholate of chloral is first formed by
the action of chlorine on alcohol ; but on agitating the product with about three times

its volume of strong sulphuric acid, and warming the mixture, the free chloral

separates as an oily liquid floating on the acid. To purify this crude chloral it should

be distilled first from oil of vitriol and then from quicklime, to remove hydrochloric

acid. The production of chloral admits of being approximately represented by the

following equation, but it should be remembered that the reaction is really more
complicated, and that other products accompany the chloral :

—

0'H«0« + 018 _ C^HOl'O* + 5 HOI

Alcohol. Chlorine. Chloral. Hydrochloric acid.

C^H^O -h = C^HCl^O + 5 HCl.

Chloral may also be obtained by other processes, such as the distillation of starch
with hydrochloric acid and peroxide of manganese.

Pure chloral is a thin, oily, colourless, volatile liquid, almost tasteless, but with a
peculiar pungent odour. It is soluble in water, alcohol, ether, and benzole. Its
specific gravity is 1-502, and its boiling point about 200° F. (94° C). Chloral may
be regarded as acetic aldehyde, C-'H^O'^ (C^H^O), in which three atoms of hydrogen
are replaced by three of chlorine.

When chloral is long preserved in a hermetically-closed vessel it suffers a curious
change, becoming converted into a solid white amorphous substance, called insoluble
chloral or metachloral.

Chloral combines readily with water, forming a definite hydrate containing
C^HCP0».2H0 (C^HCl^CH^O). This is a white, solid crystalline substance,
slightly volatile on exposure to the air, and incapable of being distilled without
decomposition. An aqueous solution of hydrate of chloral, treated with caustic
alkali, is resolved into chloroform and an alkaline formiate. When hydrate of
chloral is injected under the skin it undergoes a similar decomposition, reacting with
the alkali natiirally present in the blood, and generating chloroform. The physiological
action of the chloroform thus liberated within the system has been studied by Dr.
Liebreich, of Berlin, and by Dr. W. B. Eichardson. In July 1869, Liebreich took out
a patent for the use of chloral, hydrate of chloral, and trichloracetic acid for anaesthetic
purposes. Since that time, the hydrate of chloral has been very largely employed
as a powerful narcotic. According to Dr. Richardson, a dose of 90 grains taken
internally will produce deep sleep, whilst 140 grains throw the patient into a sleep
which is really dangerous. But the hydrate, like other narcotics, requires to be used
with great caution. It unfortunately happens that persons who have been accustomed
to take moderate doses to relievo pain and induce sleep, frequently acquire a tendency
to use it habitually. This habit cannot be too strongly denounced

; for, like opium-
eating, it not only affects the physical organisation—leading eventually to confirmed
disease—but it exercises a most baneful influence on the mental and moral constitution
of the unhappy individual.
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[For the physiological action of chloral and its hydrate, Bee Dr. Eichardson's

Keports presouted to the Britisli Association in 1869, 1870 and 1871].—F. W. E.
_
CKIiORAIiUlMC. Under this name a solution of chloride of aluminium has been

introduced us an antiseptic and disinfectant. It is prepared in the form of a liquid of
dofinito strength, and as a powder. Cotton-wool containing a certain per-centage of
chlorahim is made for the use of the surgeon.
CKI.ORil.NlXXia'E. C'^-iI''ClN (CH-CW), An organic base obtained by

distdling chlorisatin wth a concentrated solution of caustic potash. It forms witli
acids a series of definite woU-crystallisod salts.

CKI.ORA.TZ: or POTASH, or CKI.ORATE OV POTASSZirni, formerly
called oxymuriato of potash. KO.CIOXKCIO^).—This important salt has become
the object of a pretty extensive manufacture, in consequence of its use in the prepara-
tion of lucifer matches, as a constituent of white gunpowder and certain mixtures
used in pyrotechny, and as an ingredient in some of the detonating compounds for the
cartridges of needle-guns ; the chlorate is also used iu calico-printing and in the
preparation of certain aniline colours, while the chemist frequently employs it as a
convenient oxidising agent and as a source of free oxygen gas. To supply these
demands, about 7<30 tons of the salt, valued at nearly 80,000^. are annually produced
in this country.

Chlorate of potash was formerly prepared by transmitting an excess of chlorine gas
through a solution of potash, whereby a mixture of chlorate of potash and chloride of

potassium was obtained, the former salt being readily separated from the latter by its

sparing solubility in water.

Having made a strong solution of purified potash, or carbonate of potash, with from
2 to 3 parts of water, a current of chlorine gas is passed through it in a Woulfe's
apparatus, till it ceases to absorb any more. ' Chloride of potash ' and chloride of

potassium alone are formed as long as there is an excess of alkali in the solution ; but
afterwards in the further reaction of the materials, the chloride passes into the state

of a chlorate, and, as such, precipitates from the solution. During the first half of

the operation (that is, till the potash is about one half saturated with chlorine, as

indicated by litmus-paper ceasing to be darkened and beginning to be blanched), only

the chloride of potassium or muriate of potash falls. The process should be inter-

rupted at this point in order to remove the salt, to wash it, to add tlie washings to

the liquor, and then to transmit the gas freely through the solution. As the operation

advances, less muriate of potash is formed, and at length nothing but the pure

chlorate is separated in crystals. When, finally, the bubbles of gas pass through

without being sensibly absorbed, the process is known to be completed ; the liquid

may then be allowed to settle, and be poured off from the crystals of chlorate of

potash, which are purified from the muriate by dissolving them in three times their

weight of boiling water and filtering the solution while hot. On its cooling, the

chlorate will separate in pearly-crystaUine plates. It may be rendered quite pure

by a second crystallisation, in which state it does not affect solution of nitrate of

silver.

The above potash-ley usually gets a reddish tint in the course of the process, in con-

sequence of a little manganesic acid coming over with the chlorine, but it gradually

loses this colour as the saturation becomes complete, and then the solution turns yellow.

The tubes for conveying the gas should be of large diameter, if they be plunged into

the saline solution, because the crystallisation which takes place in it is apt to choke

them up. This inconvenience may, however, be obviated by attaching to the end of

the glass tube a tube of caoutchouc terminated in a small glass funnel, or simply the

neck of a caoutchouc bottle with a part of its body, whose width will not be readily

closed with a saline crust. The residuary lixivium may be used in another operation,

or it may be evaporated down to half its bulk and set aside to crystallise, whereby

some more chlorate will be obtained, mixed indeed with muriate and carbonate, from

which, however, it may be separated by a second crystallisation. In general the pure

chlorate obtained does not exceed ^th the weight of tlie potash employed ;
because in

thus treating potash with chlorine, §ths of it are converted into muriate of potash and

only ith into chlorate, and a part of the latter adheres to the muriate, or is lost in

the mother-waters of the crystallisation.
. , , .

In 1821 St. Romer patented at Vienna the following metliod for prepanng chlorate

of potash by the dry way:—Ten pounds of crystallised pei-oxide of nian^neso are

to bo finely pulverised, mixed with 10 pounds of plumbago, and 30 pounds of common

salt, and put into the leaden retort represented in Jig. 460, p. 783. From_ the middle

of the helmet-shaped lid of this vessel, a lead tube, 2 feet long and 2 inche^ wide

conducts to the receiver, wliich is a square earthen, pan, hard glazed both within and

.vithout, of the same capacity with the retort. The end of the tube must bo made

fast to a frame at the height of 6 inches above the bottom of the receiver. Upon its
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inner side 4 inches apart, brackets are to bo fixed for supporting a series of laths or

shelves of white wood on which a number of little paper or pasteboard boxes are to

bo laid. Id these boxes 10 pounds of the purest carbonate of potash, prepared from

tartar are to be spread. The receiver must now be covered with a lid made tight by

a water lute. Twenty poimds of concentrated sulphuric acid, previously diluted with

16 pounds of water, and then cooled, are to be poured upon the mixed materials in

the retort, and the lid immediately secured, -with the tube adjusted in the receiver. The

whole must be allowed to operate spontaneously without heat for 12 hours. At the

end of this time the retort is to be surrounded with a -water-bath and steadily heated

during 12 hours, and then left to cool for 6 hours. The apparatus must now be

opened, the cakes of chlorate of potash removed, and freed from muriate by solution

and crystallisation.

Liebig proposed the following process for obtaining chlorate of potash :

—

Heat chloride of lime in water till it ceases to destroy vegetable colours. In this

case a mixture of chloride of calcium and chlorate of potash is obtained. This is to

be dissolved in hot -water, and to the solution concentrated by evaporation, chloride

of potassium is to be added, and then suffered to cool. After cooling, a quantity of

crystals of chlorate of potash is obtained, which are to be redissolved and crystallised

again to purify them. Liebig considered that this would be a cheap process for

obtaining chlorate of potash. From 12 oz. of chloride of lime, of so bad a quality

that is left 65 per cent, of insoluble matter, he obtained an ounce of chlorate of potash.

The only difiaculty to overcome in this process arises from the chloride of lime not

being so easily decomposed by heat as is generally supposed ; a solution of it may be

kept boiling for an hour without losing its bleaching power. The best method is to

form a thin paste with chloride of lime and water, and then to evaporate it to dryness.

If it be required to prepare it by passing chlorine into cream of lime, it is advantage-

ous to keep it very hot. The chlorate of potash which separates from the solution

by cystallisation has not the form of scales which it usually possesses, but is

prismatic : whether this is occasioned by some admixture has not been ascertained

;

but on recrystallising, it is obtained in the usual form. The solution ought not

merely to be left to cool, in order to procure crystals, for the crystallisation is far

from being terminated even after complete cooling
;
crystals continue to be deposited

for 3 or 4 days.

The following modification of the process for making chlorate of potash is that

of M. V6e :—A solution of chloride of lime marking 18° or 20° Baume is to be set

upon the fire in a lead or cast-iron pot, and when it begins to get hot, there is to be
dissolved in it a quantity of chloride of potassium sufficient to raise the hydrometer
3° or 4°. It must then be concentrated as quickly as possible till it marks 30° or 31°,

taking care that it does not boil over by the sudden extrication of oxygen. The
concentrated liquor is set aside to crystallise in a cool place, when a deposit of
chlorate of potash forms, mixed with chloride of potassium. The mother-waters
being evaporated to the density of 36°, aflbrd another crop of crystals, after which
they may be thrown away. The salts obtained at the first crystallisation are to be
redissolved, and the solution being brought to 15° or 16° is to be filtered, when it

-will afibrd upon cooling pure chlorate of potash.

The following ingenious and easy way of making this valuable chlorate was sug-
gested by the late Professor Graham :—Mix equal atomic weights of carbonate of
potash and hydrate of lime (70 of the former, if pure, and 37 of slaked lime in
powder), diffuse them through cold water, and transmit chlorine gas through the
mixture. The gas is absorbed -with great a-vidity, and the production of a boiling
heat. When the saturation is complete, carbonate of lime remains, and a mixture of
muriate and chlorate of potash, which latter -salts are to be separated, as usual, by
the difference of their solubity in water.

It has been remarked on the above process, that it effects no saving of potassa, and
therefore is far inferior to the one long practised in several parts of Germany, espe-
cially at Giessen, and introduced into this country a good many years ago by I)r.

Wagenmann, from Berlin. The chlorine is passed into a mixture of one equivalent
of chloride of potassium (76), and 6 equivalents of hydrate of lime (222), previously
stiped with water to the consistence of a thin paste. Thus the calcium of the lime
unites -with the chlorine to form chloride of calcium, while the chloride of potassium is

converted into chlorate of potash, which salt is easily separated in crystals by its
sparing solubility.

Chlorate of potash may also be made by saturating -with chlorine a mixture of
74 parts of chloride of potassium (muriate of potash) and 168 parts of quicklime,
brought to the consistency of a thin pap by the cautious addition of water. The mass
being dissolved in warm water, and evaporated and cooled, yields crystals of chlorate
of potash, while a mother-water of chloride of calcium (muriate of lime) remains.
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oMimJ uml"vUcS ^^'"^f'
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^''^^'''^^ production of the salt. Veo mixes the chloride of limepap, botoro heating it, witli the chloride of potassium, boils the mixture smartly,

T'r "™°;^o^yee° IS undoubtedly thrown off, and then sets the liquor acid to
Li^btduiso. L, (jrnolin suggests that saturation of the liquor with chlorine beforeuouing might bo advantageous. Gay-Lussac proposed to make this valuable salt by
precipitating a solution of chloride of lime with carbonate (or sulphate) of potash,
saturating the liquor after filtration with chlorine gas, evaporating, and cry8t^llising.
Mr. Calvert formed a mixture of 5.^ equivalents of burnt lime for 1 equivalent of

caustic potash, and passed a current of chlorine through the hot mixture. Under
those conditions chloride of calcium and chlorate of potassium are produced, and the
quantity of the latter is stated to be very nearly the theoretical amount.

Professor Juch's process is to pass chlorine gas into a mixture of 1 pound caustic
lime and 1 pound carbonate of potash, with 8 pounds of water. The resulting chlorate
oi potash readily separates in the filtered liquid by crystallisation from the very soluble
chloride of calcium. By this method potash is not wasted in the useless production of
chloride of potassium.
The following process is now generally adopted for preparing chlorate of potash on

a large scale :—An excess of chlorine gas is passed into a vessel containing milk of
hme at a temperature of 120° to 140° F., the liquid being kept agitated by an iron
stirred coated with lead. The reaction between the chlorine and the lime under these
circumstances results in the production of chlorate of lime and cliloride of calcium,
with a small quantity of hypochlorite of lime ; thus differing from the reaction which
occurs between lime and chlorine at a lower temperature, as in the preparation of
' chloride of lime.' When the gas ceases to be absorbed by the lime, the liquid is run
off into a tank lined with lead, where the suspended matter is allowed to subside, and
whence the supernatant liquid is drawn off by a siphon into a leaden evaporating pan
in which it is concentrated to 25° to 30° B. A hot solution of chloride of potassium
is then added, by which the chlorate of lime is decomposed and chlorate of potash
formed. Theoretically, every 168 parts by weight of caustic lime originally used
require 74-5 parts of chloride of potassium ; but practically one part of the chloride is
added for every three parts of lime. The chlorate of potash and chloride of calcium
are readily separated by taking advantage of the sparing solubility of the potash salt.

The crude chlorate is purified by solution and re-crystallization.

Chlorate of potash, (the old oxymuriate of potash), has a cooling, somewhat un-
pleasant and nitrous taste ; it does not bleach. At 60° F. 100 parts of water dissolve
6 parts of the salt, and at its boiling point, or 220°, 60 parts. When heated to dull
ignition in a glass retort, it gives out 39-21 per cent, of its weight of oxygen, and
leaves a residue of chloride of potassium. The decomposition is effected at a much
lower temperature if the salt be mixed with a small quantity of binoxide of manganese,
sesquioxide of iron, or black oxide of copper. Chlorate of potash is an active oxidising

agent : it deflagrates upon red hot cinders like nitre : when triturated along with
sulphur or phosphorus, it detonates with great violence, not -nithout danger to the hands
of the operator. Similiar detonations may be produced with cinnabar or vermilion,

sulphuret of potassium, volatile oils, sugar, &c ; but they can be effected only by the

smart blow of a heated hammer on an anvil. See Lucifee Matches and Percussion-

Caps.

CHXiORATES. Salts of chloric acid.

CHIiORHVDRIC ACID. The modem name for HYDHOcmoRic Aero. The

gas was discovered by Priestley in 1772 ; dissolved in water, it has been long known as

spirits of salts. See Muriatic Acid.

CHZiORiC ACID. The acid constituent of the chlorates. This acid, which

is only known in combination with one equivalent of water, is exceedingly unstable,

being instantly decomposed by contact -snth organic matter, and undergoing gradual

spontaneous decomposition in diflfliscd daylight. It is prepared by decomposing

chlorate of potash by the addition of hydro-fluosilicic acid, which forms with potash an

insoluble compound.
CHIiORIIMlS. ' The term chloride is applied to all compounds of chlorine, which

may bo derived from one or more atoms of hydrochloric acid, by the substitution of a

metal or other radical (which may itself contain chlorine) for an equivalent quantity of
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hydrogen,'—Watts's
' Dictionary of Chemistry.' For descriptions of the chlorides, refer

t(i thfiir rescGctivo motals. ^ . i

Tho term ' cliloride ' is also applied in the arts to a number of bleaching compounds,

Knell as ' chloride of lime,' the exact chemical nature of which is still obscure, though

rortain that they are not simple chlorides, or combinations of chlorine with

netals It is now generally believed, that these so-called chlorides of the alkalis

and alkaline earths are either compounds or mixtures of true chlorides with hypo-

'^''cHiOaiBB or SiIZMIE. Tho compound so called was first employed in the

liquid form as a bleaching agent in 1798; and in the following year the idea suggested

itself to Mr Charles Macintosh, at that time a partner of Messrs. Tenant and Knox,

to impregnate quicklime in a dry state with chlorine, and a patent was taken out ac-

cordinely The discovery of the bleaching property of chlorine is due to BerthoUet,

who announced the fact to the Academy of Sciences in 1785._ In the follovving year,

the new method of bleaching was introduced into GreatBntam by Mr. Watt. In 1788,

Mr Thomas Henry of Manchester exhibited caHco bleached by chlorine, without

ha^^ng any knowledge of the previous experiments of Watt ; and in the following year

a detailed method of the process was published by Berthollet. To give some idea of

the rapidity with which bleaching is conducted by the improved modern processes, the

wiiter of the article on this subject in the Encyclopadia Britannica quotes the foUow-

ino- iUustration :—A bleacher in Lancashire received 1,400 pieces of grey muslin on a

Tuesday, which on the Thursday immediately following were returned bleached to the

manufacturers at the distance of 16 miles and they were packed up and sent oS that

very day to a foreign market.
, . -d • •

It is estimated that the present annual production of chloride of lime in Great Britain

and Ireland amounts to 76,000 tons, of the value of three-quarters of a million sterling.

In the manufacture of chloride of lime, chlorine gas is transmitted at a proper

temperature through milk of lime or over dry slaked lime, the product being thus

obtained either as a liquid or as a powder. The different methods of generating the

gas will be described under Chi.oeinb.

A great variety of apparatus has been at different times contrived for favouring the

combination of chlorine with the slaked lime for the purpose of commerce. The

simplest construction for subjecting lime-powder to chlorine, is a large chamber 8 or

9 feet high, built of sandstone, having the joints of the masonry secured with a cement

composed of pitch, resin, and dry gypsum in equal parts. A door is fitted into it at

one end, which can be made air-tight by strips of cloth and clay lute. A Avindow on

each side enables tlie operator to judge how the impregnation goes on by the colour of

the air, and also gives light for making the arrangements within at the commencement

of the process. As water lutes are incomparably superior to aU others where the pneu-

matic pressure is small, a large valve or door on this principle might advantageously

bo made in the roof, and two tunnels of considerable width at the bottom of each

side wall. The three covers should be simultaneously lifted offby cords passing over

a pulley, without the necessity of the workman approaching the deleterious gas, when
the apartment is to be opened. A great number of wooden shelves, or rather trays,

8 or 10 feet long, 2 feet broad, and 1 inch deep, are provided to receive the riddled

slaked lime, containing generally about 2 atoms of lime to 3 of water. These shelves

are piled one over another in the chamber, to the height of 5 or 6 feet, cross bars below
each keeping them about an inch asunder, in order that the gas may have free room to

circulate over the surface of the calcareous hydrate.

The alembics for generating the chlorine, which are usually nearly spherical, are in

some cases made entirely of lead, in others of 2 hemispheres joined together in the
middle, the upper hemisphere being lead, the under one cast-iron. The first kind of

alembic is enclosed for two-thirds from its bottom in a leaden or iron case, the interval

of two inches between the two being destined to receive steam from an adjoining boiler.

Those which consist below of cast-iron have their bottom directly exposed to a very
gentle fire ; round the outer edge of the iron hemisphere a groove is cast, into which
the under edge of the leaden hemisphere fits, the joint being rendered air-tight by
Eoman or patent cement. In this leaden dome there are four apertures, each secured
by a water-lute. The first opening is about 10 or 12 inches square, and is shut with
a leaden valve, with incurvated edges, that fit into the water-channel at the margin of
tho hole. It is destined for the admission of a workman to rectify any derangement in
the apparatus of rotation, or to detach hard concretions of salt from the bottom.
The second aperture is in tho centre of the top. Here a.tube of lead is fixed, which

descends nearly to the bottom, and down through which the vertical axis passes. To
its lower end tho cross bars of iron or of wood, sheathed with lead, are attached, by
whose revolution the materials receive the proper agitation for mixing the dense inan-
ganese with tho sulphuric acid and salt. The motion is communicated either by tha
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Tho third oponinradmill tli
'"'Pellod by a stream of water or a Btoam-engine

is introducer an?tJ"ow£ iltiTl?',"'''^^T'\ ^'^^^^^'^ ^^^'^^ BulphuriAdd
admits tlie oductil pipe Tl s^L The fom-th aperture

cylinder, in which all Z^^fW f^-
^^^^'^s convoyed into a leaden chest or

it simpi; by wato^ut^^ They are connected with

diver.^/hjtie chlor no 1 Syr^'^'i'; ^ I" this general

.'t little water, in wWch o' oh i^ . • ''^^''T^ ^T''^'" P'^'^«^°e ^^"-o^gli

pretty large loaded tube nnH
™"^orHod, and from this the gas is let off by a

fho ceilinfwhence it dC s J°
f°"^b^°^tion-room. It usually enters in the top of

T?^,
^'^^ ".^^™ses Its heavy gas equally round.

bloS ng?LZ"T±? r'J^idf""'T-'"'^
"^^^^'^g "-rk^tablo^"jxig powaoi. A more rapid formation would merelv ondanpnr an o\oxr.,iW.r. .t

Jiut slulful manufacturers use horo an alternating process. Thev pile m first of 1 il'the wooden trays only in alternate shelves in each column irtL^ end^of two d^vstho distillation IS in ermitted, and the chamber is laid open. After two lio^s the

rnd artL'f '"''"v
"'^^ '\ ''^y' ^ith frSThySte onime

doit ^ '"T
thoroughly the half-formed chloride in the others Th^door IS then secured and the chamber, after being filled for two days more S'chlo-nne IS again opened to allow the first set of trays to be removed, ^.Trbrreplacedby others containing fresh hydrate, as before. Thus the process is conducted in reSr

mfvTsnferld'^ 'T™' bl^^'^^^g-P^.^der is mankctured, and the chlSmay bo suffered to enter in a pretty uniform stream. But for this iudicious clan
advances in impregnation, its faculty of aSt?orZ)mingdimini hed, It would be requisite to diminish proportionately the ovolSion ofVhTorineor 0 allow the excess to escape to the great loss"^ of the proprietor, and! 4fft is o^'more consequence, to the great detriment of the health of the workman.

According to M. C. H. M6ne (' Comptes Eendus,'.Nov. 22, 1847), chloride of lime may

r tS^Stb .Sr''
P^^«;'^°d/^?t^^.t^neously, bypouring ipon skked lime, watersS

tact wS. th« H^r; ^« absorbed the moment the liquid comes into con-

^IJ^t f .r^'
the supernatant water is immediately decanted, and the lime

^- t'^^l^^ttom «f the vessel saturated by frequent repetition of the treatmentAnth chlorine ^^t^v perfectly pure chloride of lime is obtained. Labarraque finds thatthe absorption of chlorine by moistened hydrate of lime is greatly facilitated by mix-ing It with ith of its weight of common salt.
^

Manufacturers differ much from each other in the proportion of their materials for
generating chlorine In general, 10 cwt. of salt are mixed with from 10 to 14 cwt of
nianganese, to which mixture, after its introduction into the alembic, from 1 2 to 14 "wt
of sulphuric acid are added in successive portions. That quantity of oil of ^-itriol must
however, bo previously diluted with water, till its specific gravity becomes about 1-6.
±5ut, indeed, this dilution is seldom actuaUy made, for the manufacturer of bleaching-
powdor_ almost always prepares his own sulphuric acid for the purpose, and therefore
carries Its concentration in the leaden boilers no higher than the density of 1-65, which
from Dr. Ure's table of sulphuric acid, indicates ^th of its weight of water, and there-
lore ^rd more of such acid must be used.
The manufacturer generally reckons on obtaining from one ton of rock-salt, employed

as above, a ton and a half of good bleaching-powder. But the foUowing analysis of
the operation will show that he ought to obtain two tons :

When a mixture of sulphuric acid, common salt, and black oxide of manganese are
the ingredients used by the manufacturer of bleaching-powder, the absolute propor-
tions required by theory are

:

1 atom chloride of sodium
1 atom binoxide of manganese .

2 atoms oil of vitriol

and the products ought to be :

1 atom chlorine disengaged
1 atom sulphate of soda
1 atom sulphate of manganese
2 atoms water

68-5 29-73
43-5 21-25

98-0 49-00

200-0 100-00

35-5 17-75

71-0 35-50

75-5 37-75

180 200

2000 10000

These proportions are, however, very different from tlioso employed by tho manu-
•facturops

; and they ought to bo so, on account of the impurity of their oxide of man-
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ganeso. Moreover, the oil of vitriol lias a tendency to form the acid sulphate of soda or

bisulphate, instead of tho normal sulphate, and this salt is only decomposed at a high

temperature. • . .. .i^., a,
Trom tho preceding computation, it is evident tnat 1 ton ol salt with 1 ton of the

above native oxide of manganese, properly treated, would yield 0-59 of a ton of chlorine,

wiiich woidd impregnate 1-41 ton of slaked lime, producing 2 tons of bleaching-powder,

strono-er than the average of the commercial specimens
;

or, allowing for a little loss,

which is unavoidable, would afford 2 tons of ordinary powder, with a little more
slaked lime.

Fig. 461 represents a retort of lead, well adapted to the evolution of chlorine from

the mixture of salt, manganese, and sulphuric acid, or from manganese and muriatic

acid.

The interior vessel is cast in lead, and it has round its bottom part a cast-iron steam
case. The salt and manganese are introduced by the aperture c, and the sulphuric

acid by the siphon-funnel /. Tho contact of these three substances is continually

K K K

^1
D 0

1^
D D

r ^1
0 t

r
0 I]

renewed by the agitator or stirrer b, which consists of wrought or cast iron, sheathed

with lead, c is the gas-discharge pipe. The residuums are drawn off by the bottom
discharge pipe g. The heating case receives its steam by the pipe h.

The chlorine gas, is conveyed from the retort b, fig. 462, into the chamber i, by the

tube E E E. This chamber is divided into four compartments, to receive the gas dis-

engaged from four retorts, like the above. The bottom of it is covered with a stratum
three or four inches thick of quicklime, newly slaked and sifted, which is stirred about
from time to time, by the rakes 1 1, i, i. When the saturation is sufficient, the chloride

of lime is taken out by the doors K K K k. The side of this apparatus allows 2 cwt. of
manganese, and its equivalent quantity of salt and sulphuric acid, or of muriatic acid,

to be introduced at once into the retort. D is the handle of the agitator.

The same form of retort will suit perfectly well to prepare chlorine for making
liquid chloride of lime, which is preferred by many bleachers and calico-printers who
have conveniences for preparing it themselves. The most concentrated solutions of
the dry chloride of lime do not mark more than 6° B. (specific gravity r04), and dis-

colour only 50 volumes of Gay-Lussac's solution of indigo, whilst the chloride made in
the humid way marks from 8° to 9° B. (about 1-060), and discolours 80 volumes of
the same solution.

In the chloride-of-lime apparatus, most generally used by the skilful calico-printers
of Miilhausen, the mixture of muriatic acid and manganese is put into glass globes,
with long necks, heated upon a sand-bath. The chlorine is conveyed by glass tubes
into a cylindrical stone cistern, containing milk of lime. The furnace of the sand-
baths is made of cast-iron, and has brick partitions, to give each retort its own fire.

The smoke of all these fires goes off by a flue into sheet-iron pipes. The cistern is

made of siliceous sandstone. Its cover is of wood, coated with a resinous cement ; and
it fits at its edges into grooves cut in the stone. A wheel serves to agitato the liquid
continually ; its paddles being kept at 2 inches distance from the sides of the cistern.
The milk of lime is introduced by a funnel, and tho chloride is drawn off by a discharge
pipe. The lead retort and agitator used in this country seem greatly preferable to
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the exporimental laboratoiy plan described above. In all Buch apparatus wo should

?,ZtF.''''J.f
prossure to the tubes or vessels, and should not therefore dip the ex-tren itios 01 the gas-pipos beneath the surface of the liquid, but rather facilitate thecombination of the chlorine and the lime, by enlarging the surfaces of contact and hyagitating, intermediate vessels containing water, or the chemical cascade of M. Clement,

are very useful for absorbing any muriaUc acid which may be disengaged along willthe chlonno, and thereby preventing the needless formation of muriat/of lime in thechambers or cisterns of impregnation.
When the solution of the chloride of lime is mixed with hydrate of lime, it bears

without decomposing, a pretty high temperature, provided it bo not too long continued

'

It may even, in certain cases, be raised to near the boiling point without suffering a
niarked loss of its discolouring power; but when the chloride is deprived of that ox^ss
of lime, it is decomposed in a short time, oven at a heat of 110° F.
When chlorine is admitted to milk of lime, it infallibly produces some muriate of

limo
;
but the quantity is kept at a minimum by constantly presenting an excess of

lime to the gas with the agitator, and by keeping the temperature as low as possible.
Hence the influx of gas should not be so rapid as to generate much heat. An automatic
agitator, moved by steam or water power, is therefore much better than one driven by
the hand of the operator, who is apt to intermit his labours.
K the liquor becomes hot at the ond of the process, it should bo immediately drawn

off into large stone bottles and cooled. The rose colour, which somotimes supervenes,
is duo to a minute quantity of manganese : the strongest liquid chloride of lime that
can be prepared will not discolour more than 80 times its volume of Gay-Lussac's
indigo test.

In tho year 1846, Mr, Pattinson patented an improved mode of manufacturing
chlorine. In this process ho made use of a stone vessel or generator, enclosed in a
double iron vessel. The hydrochloric acid, specific gravity 1-16, is poured into the
generator, and on a grating or false bottom is placed the binoxide of manganese in
lumps. The temperature of tho contents of the generating vessel is then raised to
180^ F., by means of steam, made to circulate between the stone vessel and the iron
casing. This heat is continued for about 18 hours ; and then, by means of a suitable
pipe passing to tho bottom of the generator, steam, under a pressure of 10 lbs, to the
inch, is injected into the vessel for about two minutes, and this is repeated every half
hour for about six hours. In this process no mechanical agitation is required, as tho
steam enters with sufficient force, under tho pressure above mentioned, to effect the
requisite agitation of the contents, and by clearing tho lumps of manganese from all

adhering matters, expose a fresh surface continually to the action of tho acid.

In carrying this process into practical operation, Mr. Pattinson found that tho
apparatus is liable to bo completely deranged, and tho iron vessel destroyed by the
action of the hydrochloric acid, if the stone generating vessel should happen to get
broken; to ob^aate which inconvenience, and to enable the generator to bo used
though in a broken condition, the inner iron vessel is perforated ; and the spaces
between the two iron vessels, and between the inner iron vessel and the stone gene-

rator, are filled with coal-tar, or pitch, thickened by boiling to such a consistence as

to be tough, but not brittle, when cold. Steam, circulating through a coil of pipe

passing between tho iron vessels, serves to maintain tho tar at the requisite degree of

heat ; and in the event of the breakage of tho stone generator, the liquefied tar flows

into the fissure, and prevents the escape of the hydrochloric acid into the steam
vessel.

Chlorine-stills of metal or of earthenware, though used even now in manv continental

works, have been generally displaced in this country by vessels of sandstone. In

Lancashire they are usually constructed of Yorkshire flags, cemented together by a

mixture of tar and clay, while on the Tyno they are cut out of solid blocks of stone,

and rendered impervious on tho surface by being boiled in coal-tar.

The receivers in which the chlorine acts on the lime are usually constructed either

of stone slabs or of sheet lead supported on timber framework. The receiving

chambers are fitted with shelves on wliich the slaked lime is conveniently exposed in

layers for absorption of the chlorine. In other forms of apparatus the lime is placed

in a series of pots or in rotating barrels. The absorption of chlorine is accompanied

by evolution of heat, but as chlorate of lime is formed at a high ternperature the

gas is admitted but slowly and the temperature thus maintained sufficiently low to

avoid formation of tho chlorate.

Several proposals have been made for utilising the waste liquors from the chlorine

stills, most of which aim at reproducing oxide of manganese which may be again

available for tho generation of chlorine,

A method of treating the residuum was patented in 1865 by Mr, C. Tennaut Dunlop.
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It consists in transforming the chloride of manganese, first, into carbonate and then
into oxide, by tho action of heat. Whatever impurity the chloride of manganese may
contain—as chloride of iron, for instance—is first separated, either by calcination or

by tho agency of a suitable precipitant. Practical -working has shown that the
carbonate of manganese thus treated yields an oxide of a richness eqiiivalent to that
of 80 per cent, of peroxide. The carbonate of manganese may be obtained by
precipitation from the chloride by carbonate of ammonia. The chloride of ammonium
resulting from this treatment may either be employed as such, or it may be re-
transformed in the usual way into carbonate for the precipitation of fresh chloride of
manganese. Hydrate of lime is also used as a precipitant, the resulting hydrated
oxide of manganese being subsequently converted into carbonate by the transmission
through it of a stream of carbonic acid.

By another process, carbonate of manganese is obtained by passing carbonic acid
through the solution of chloride of manganese which has been previously mixed with
a qiiantity of carbonate of soda. The carbonate of soda, under the influence of car-
bonic acid, decomposes the chloride of manganese into carbonate, from which the
oxide pan be obtained. The essential feature of this invention is the production of
artificial oxide of manganese, by first converting the chloride into carbonate, and
afterwards this latter into oxide, by the joint agencies of heat and atmospheric air.

_
In a process suggested by Binks and Gatty, the chloride of manganese in the still-

liqiior is heated with nitrate of soda, whereby a mixture of nitrous acid and oxygen is
evolved, while a residue of chloride of sodium and oxide of manganese is obtained.
But the most valuable process which has yet been proposed for regenerating the

manganese from the spent liquors is that which has been lately introduced by Mr.
Walter Weldon, and is now largely employed in this country. To imderstand the
working of this process it should be remembered that the acid liquor left in the
chlorine-stills, by the action of hydrochloric acid on peroxide of manganese, consists
mainly of a solution of protochloride of manganese (manganous chloride), with the
sesquichlorides of iron and aluminium, chloride of calcium, and such excess of hydro-
chloric acid as may have been employed. This liquid is run from the generators into
a well, where it is neutralised by addition of finely-divided chalk, the neutralisation
being facilitated by keeping the liquid stirred up by a mechanical agitator. Not
only IS the free acid thus neutralised, but the chlorides of iron and aluminium are
decomposed, and the oxides precipitated. The neutral liquor is then pumped up into
tanks, called ' chloride of manganese settlers,' where the sulphate of lime, the oxide
of iron, and the alumina held in suspension are rapidly deposited, and a clear solution
of manganous chloride, of a pale pink colour, is obtained. This clear liquor is run

•11^"*^/^ ^^-^-^^ ^^'^'^^^ 'oxidiser,' in which it is treated with an excess of
milk of lime to precipitate the manganese as hydrated protoxide, which is converted
into a higher oxide by the injection of air. The oxidiser is generally a cylindrical
iron vessel, about 12 feet in diameter and 22 feet deep. The reactions in this vessel
are best efiepted at a temperature of from 130° to 170° P., and if the charge ofmanganous hquor is not sufficiently hot, its temperature is raised by injection of
steam When sufficiently heated, the liquor is subjected to a blast of atmospheric air
mtroduced through a large pipe reaching nearly to the bottom of the oxidiser Themi k of hme is then rapidly run in from a reservoir above, and the blowing continued
until peroxidation ceases—a point usually attained when from 80 to 85 per cent ofthe manganese has been converted into peroxide. Tho thin black sludge resultingfrom this action contains chloride of calcium and peroxide of manganesi associatedwith a variable proportion of protoxide of manganese and lime. e!S cu4 ?oot ofmud contains about 2 lbs of peroxide of manganese. The prodSs run off fromthe oxidiser to the ' mud settlers where a thick black deposit, containing aboS: foS^s. of the peroxide to the cubic foot, graduaUy subsides. This depoSt separatSfrom the supernatan hqmd, is transferred, while still moist, to the^SorSti Iswhere It is treated with hydrochloric acid for production of chlorine, and tS cycle oioperations thus begins afresh, and may be continued indefinitety-the manganesemerely playing the part of a carrier or mediimi of transference between the o^^genof the atmosphere and the hydroch oric acid. In an experiment continued foTlvehours, during which time 75 000 cubic feet of air was blown through the sludge inthe oxid ser, it was found that more than 4 cwts. or 14-8 per cent, of the oxygen wasabsorbed, serving to reproduce 24 cwts. of peroxide of manganese. The cost Srecovenng the manganese by this process is said to be less than one-fouxth the avelicost of an equivalent amount of native manganese.

average

Mature of Meackinff Powder.—An elahoriite seiies of exx)6vimmi'i nn tho r
ture of cliloride of lime was made in 1822 by Dr Ure th7S^l„ . .

manufac-

which are embodied in the subjoined Table :- '
^^'^ important results of

Vol. I. 3 1;
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Prepared with Protohydrato of Lime without pneumatic pressure. The
process earned on until the Umo ceased to obtain clilorine.

Commercial
Specimcnfi

Chlorine

Limo ....
"Water

Synthesis First

Analysis
Second
AnalysiB Mean

39-39

46-00

14-60

40-00

44-74

16-26

40-62

46-07

13-31

40-31

46-40

14-28

23 22 28
461
31 ) 78 71

100 100 100Chloride of Limo 100-00 100-00 100-00 100-00

Mr. Graham found that hydrate of lime, dried at 212°, absorbed afterwards little
or no chlorine

; but that, when dried over sulphuric acid, it was in the most favour-
able condition for becoming chloride of lime. A dry, -white, pulverulent compound
is obtained by exposing the last hydrate to chlorine, which contains 41-2 to 41-4
chlorine in 100 parts, of which 39 parts are available for bleaching, the remainder
going to form chloride of calcium and chlorate of lime. This appears to be the
maximum absorption of chlorine by dry hydrate of lime ; but the bleaching powder
of commerce rarely, even -when fresh prepared, contains more than 30 per cent, of
chlorine, and after being kept for several months, the proportion often falls as low as
20 per cent. A compound containing one equivalent of chlorine and one equivalent
of hydrate of limp, should contain 48-67 chlorine and 61-43 hydrate of lime ; a com-
pound of one equivalent of chlorine and two of hydrate of lime, should contain 32-42
chlorine and_67-58 hydrate of lime; and these are about the proportions in good com-
mercial specimens. It would not be advisable to attempt to manufacture a more
highly chlorinated product, as the stability of the compound is increased by an excess
ofljme._ Where a stream of chlorine is transmitted through water holding hydrate
of lime in suspensiSn, the lime is entirely dissolved, and the full equivalent of chlorine
is absorbed. Different views have been held by chemists respecting the constitution
of bleaching powder, but it is now generally admitted that the substance consists
essentially of chloride of calcium and hypochlorite of lime, with excess of slaked lime.
Water poured upon bleaching powder dissolves out the bleaching combination, leaving
a large residue of lime. Ten parts of water are required for one part of dry chloride.
The solution emits the peculiar odour of hypochlorous acid. The reaction which occurs
in the formation of ' chloride of lime ' may be thus represented :

—

2(CaO.HO) + 2Cl=CaCl + CaO.ClO + 2H0.
aCaH^O^ + CV = CaCl2 + CaCI^O^ + 2WO.

Slaked lime and chlorine thus }aeld chloride of calcium, hypochlorite of lime and
water. Wliether the chloride and hypochlorite are united as a combination or
merely mixed together, may be open to question. But good bleaching powder is not
deliquescent, neither does alcohol dissolve anything from it, both which should occur

if the compound contained free chloride of calcium. It is possible, however, that the

two salts may exist in bleaching powder in the form of a double salt, or that the

chlorine is in direct combination with the oxide. J£ the compoixnd be supposed to

be pure chloride of lime, the reaction is simply an absorption of chlorine ; and the

same should be the case with the other bleaching compounds—chloride of soda,

for instance. But when carbonate of soda, saturated with chlorine (Labarraque's

Liquor), is evaporated, no chlorine is evolved, and the residue stiU possesses

bleaching properties. The true nature of bleaching powder is open, therefore, to

speculation.

The bleaching action of solution of chloride of lime is very slow unless an acid be

added to it. When dilute sulphuric acid in insufficient quantity is employed, no

chlorine is evolved, but hypochlorous acid, which may be distilled off and condensed

in a suitable receiver ; but with excess of acid, chlorine only is liberated. "WTien

calicoes and other woven goods are to be bleached, they are first thoroughlj'- cleansed

by boiling successively with lime-water and a weak solution of caustic soda they are

then digested in a solution of bleaching powder, specific gravity 1-02, containing about

2-^ per cent, of chloride of lime ; after which they are immersed in very dilute sulphuric

acid, which, by liberating tlie chlorine within tlie fibres of the cloth, rapidly removes

the colour. The goods are then washed, a second time steeped in alkali, and again

passed through a weaker solution of chloride, and then tlirough dilute acid ;
after wliich

they are thoroughly washed in water. The qua^itity of liquor necessary for 700 lbs. of

cloth is 971 gallons, containing 388i lbs. of chloride. When wliite figures are required

on a coloured ground, the pattern is printed on the cloth with tartaric acid, thickened
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•with gum. Tho colour is discharged in those places where the acid was present, but

elsewhere untouched. Sulphate of zinc or chloride of zinc may be employed, instead

of acids, for liberating clilorino from bleaching powder.

On acting upon cotton-cloth with a concentrated solution of chloride of lime, at from
110° to 120° F., pure carbonic acid is disengaged, and the texture of the cloth is injured.

Here the hydrogen of the water, and of the cotton, being seized by the chlorine, the

liberated oxygen combines with the carbon to form carbonic acid. In the discharge-

troughs, where printed calicoes are passed tlirough strong solutions of chloride of lime,

stalactitic crusts of carbonate of lime come to be formed in this way.
When chloride of lime is heated, it evolves oxygen gas, and sometimes chlorine,

and it becomes converted into a mixture of chlorate of lime and chloride of calcium,

which has no bleaching properties. Half an ounce of chloride of lime boiled in two
ounces of water yields, according to Keller, 165 cubic inches of oxygen contaminated
with chlorine.

The property of chlorine, to destroy offensive odours and to prevent putrefaction,

gives to the chlorides of lime and soda a high value. On this important subject
Pereira, has the following remarks {Mat. Med. vol. i.) with reference to medical
police :

—
' If air be blown through putrid blood, and then through a solution of chlo-

ride of lime, carbonate of lime is precipitated, and the air is disinfected ; but if the air

be first passed through putrid blood, then through caustic potash, or milk of lime, to

abstract the carbonic acid, and afterwards through the soliition of chloride of lime, it

retains its stinking quality. Chloride of lime may be employed to prevent the putre-
faction of corpses pre-\aous to interment;—to destroy the odour of exliumed bodies
during medico-legal investigations ;—to destroy bad smells and prevent putrefaction
in dissecting-ropms and workshops in which animals substances are employed (as cat-
gut manufactories) ;—to destroy unpleasant odours from privies, sewers, drains, wells,
docks, &c. ;—to disinfect ships, hospitals, prisons, stables, &c. The various modes
of applying it wiU readily^ suggest themselves. For disinfecting corpses, a sheet
should be soaked in a pailful of water containing a pound of chloride, and then
wrapped round the body. For destroying the smell of dissecting rooms, &c., a solu-
tion of the chloride may be applied by means of a gardening pot.' Of equal impor-
tance is this substance to the medical practitioner. The poisonous exhalations from
foul sewers may be counteracted by a slight inhalation of chlorine gas, as obtained
from a. little chloride of lime placed in the folds of a towel wetted with acetic acid.
The importance of chlorine as a disinfecting agent appears to have been fully
proved during the period of the cattle plague. Both Dr. Augus Smith and Mr.
Crookes, in their reports, give several very striking examples of the power of this
agent in cleansing sheds and houses which had been occupied by cattle suffering
under and dying fi-om the disease. Carbolic acid, however, appears to be preferred
by one of these chemists. Both these preparations may, it is clear, be used with
satisfaction when required.

For estimating the amount of chlorine in bleaching powder, and thus determining
the commercial value of a given sample, see Celobometey.
CHI.ORZBI: OP POTASSIUM. See PoTASsnjM.
CHZ.ORIDi:s or potash and SOBA. When a weak solution of caustic

potash or soda is saturated ynth. chlorine, it affords a bleaching liquor, still used by
some bleachers and calico-printers for delicate processes ; but the price of the alkalis
has led to the disuse of these chlorides as a general means, and has occasioned an
extensive employment of chloride of lime. The chloride of potash is known as
Water of Javelle, and the chloride of soda as Labarraqtte's Liqicor. They may be pre-
pared by transmitting chlorine gas through a solution of caustic alkali or alkaline
carbonate, or by decomposing chloride of lime with an alkaline sidphate or carbonate
These so-called chlorides are now generally considered to be mixtures or compounds
of chlorides and hypochlorites. See Cieloride of Lime.
CHIiORIN-ATION-. The method of extracting gold and silver from certain ores

by means of chlorme. This process is especially employed for separating gold from
sulphides and arsenides which Cannot be treated by the ordinary methods of amalga-
mation. By the aid of chlorine gas, tho gold is converted into a chloride, and from a
solution of this salt the metal may be precipitated as a sulphide by sulphuretted
hydrogen, or reduced at once to the metallic state by means of sulphate of iron The
process enables a very small percentage of gold to be extracted with advantage from
an ore

;
indeed, according to Mr. Allain, it is possible to extract gold from pyrites bv

means of chlonne, when the metal is present to the extent of only one part in 10 000
parts of roasted ore. j t:

.

«

The chlorination-process was originally proposed by Professor Plattner, and was
applied, as far back as 1861, to the extraction of gold from the arsenical pvrites ofKoichenstem m Silesia—an ore containing about 200 grains of gold to the ton. In

3 E 2
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consequonco of the introduction of this process, the mines, after Imving been abandoned
lor more than five centuries, wore re-opened and worked with profit. The ore is first
roasted in a reverberatory furnace, and the arsenic tlius becomes converted into
arsomous acid, which sublimes, and is condensed in a largo chamber. The residue,
consisting chiefly of iron, is subjected to the action of chlorine, and the iron, with the
golu which it contains, then passes into the state of chloride ; the chlorides are
dissolved out by water, and the gold precipitated by sulphuretted hydrogen,—the
precipitation of the iron being prevented by previously acidifying the solution with
hydrochloric acid. The sulphide of gold is readily decomposed by heat, yielding
metallic gold on simple ignition.

Since the introduction of the chlorination-procoss at Eeichenstein, it has been
applied elsewhere with considerable success. At Schemnitz, in Hungary, the tailings
left after extraction of silver by Ziorvogel's method, are treated with chlorine, and the
gold, though amounting to only about 0-012 per cent, of the tailings, is thus profitably
eeparatod. In California the chlorination-process was first introduced, in 1868, by
Mr. Deetken ; and several chlorination-establishments have since been erected in the
neighbourhood of Grass Valley. The process, as conducted in California, has been
described by Mr. Kustel.'

If the ore to be chlorinated contains finely-divided gold in quartz, it needs no pre-
paratory treatment beyond that of pulverization. But if sulphides and arsenides are
to be treated, they require to be previously roasted. The concentrated ores should be
roasted while damp, but pan-tailings should be first dried and then finely pulverized.

The roasting is most advantageously effected in a reverberatory furnace in which the
flame of the fuel is allowed to come into direct contact with the ores. A low tempera-
ture should be employed at first, and when much of the sulphur and arsenic is

expelled the heat should be gradually raised until any sulphates or arsenites which
are formed may be decomposed, and all the metals converted into oxides, excepting the

gold, which is set free in a metallic state. The loss of gold during roasting, though
stated by some to be considerable, seems really to be insignificant.

In some cases it is desirable to add common salt (chloride of sodium) to the ore

during the roasting. If lead and antimony are present, no salt should be used, but if

the ore be associated with minorals containing lime, magnesia, or baryta, the addition

of salt is desirable. About 5 per cent., or 100 lbs. of salt to the ton of sulphides, wiU
be found suflacient. The salt should be thoroughly incorporated with the ore, so as

to favour separation of the gold. It appears that the gold first forms a terchloride

(AuCP), which is converted at a higher temperature into protochloride (AuCl), and
this at a red heat, is reduced to metallic gold.

The roasted ore, before being treated with chlorine, must be slightly moistened

;

this is effected by spreading the charge over the floor of an iron chamber, and

sprinkling it with water by means of a hose ; the ore being well stirred so that *the

wet stuff is well mixed with the dry. After being sifted, to remove lumps, the ore is

transferred to the chlorination-vats. These are large circular wooden vessels, each

capable of holding two or three tons of roasted ore. The inside of the vat is coated

with a mixture of pitch and tar, or with some similar substance, to prevent absorption

of the gold-solution by the wood. At a height of about one inch from the bottom of

the vessel, is fixed a false bottom, formed of boards laid together, with spaces be-

tween, and perforated with holes for the passage of the chlorine gas. A layer of

fragments of quartz, or other rock, is first spread over the false bottom, and the

coarser fragments covered by finer and finer layers till a stratum of fine sand is

placed on the top. The charge is laid on this prepared bed, which serves as a filter,

and chlorine gas is introduced through the false bottom. The gas is generated in a

leaden vessel. Sufficient chlorine for treating a charge of three tons of roasted sul-

phides may be obtained, according to Kustel, from the following mixture :—Pulverized

manganese (peroxide) 30 lbs., common salt, 30 or 40 lbs., oil of vitriol of 66 degrees,

75 lbs., and water, 45 lbs. Having introduced the water, salt, and manganese into the

generator, the vessel should be covered air tight ; the acid is then gradually poured

in through a funnel, and the chlorine thus produced is washed by passing through a

vessel containing water to absorb any hydrochloric acid, the presence of which is

prejudicial. The evolution of chlorine is assisted by heat applied under the gas-

generator. When the chlorine, which passes from the wash-bottle to the chlorino-

vat, has permeated through the charge, the cover of the vat is luted on. The operator

should carefully avoid inhaling the chlorine, as this is a highly poisonous gas, and

extremely irritating when inhaled even in small quantity.

The chlorine is allowed to act upon the ore for from 12 to 18 hours ;
the coyer is

then removed from the vat, and a stream of water introduced. Ihe solution ot

' 'A Treatise on Concentration of all kinds of Ores, including the Chlorination Process.' By

Guido KuBtel. Ban Francisco : 1868.
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chloride of gold is then conveyed through a trough lined with sheet-lead into the

precipitating-vat, which is a large wooden vessel lined with lead or with asphalt. To
precipitate the gold, a solution of sulphate of iron (green copperas) is employed ;.

this is best prepared a few days before use, by pouring dilute oil of vitriol on old

pieces of wrought iron, A bucket or two of this solution is poured into the precipita-

ting-vat before the gold-solution enters, and a sufficient quantity is afterwards employed
to throw down the whole of the gold, Tliis precipitated gold gradually subsides as a
dark brown powder, and the supernatant liquor when clear is drawn off. The gold is

then carefully scooped out from the vat into a clear porcelain dish, and the last traces
washed out by water. This finely divided gold is dried over a fire, and then melted
in clay crucibles ; a little borax, salt, or saltpetre being added as a flux. The use of

plumbago crucibles is not advisable. The metal obtained in this way generally con-
tains about 995-thousandths of pure gold.—I',"W.E.

CKXiORXXJE. {Chlorine, Pr., Chlor, Ger.) Symbol, 01.; Atomic weight, 35-5,

—

This element was discovered by the Swedish chemist, Scheele, in 1774, and its true
elementary character demonstrated by Sir H. Davy in 1810. It exists, under ordinary
circumstances, as a greenish-yellow gas; but, when exposed to a pressure of 4
atmospheres, at 60° F., it condenses to a transparent liquid, which remains imfrozen
even at the cold of— 220° F. In the first state, its density, compared to air (reckoned
1-00), is 2-47; in the second, its density, compared to water (TOO), is 1-33. It is

generally obtained either by the action of sulphuric acid on a mixture of common salt

and binoxide of manganese, or by the action of moderately strong hydrochloric acid on
binoxide of manganese alone. In the first case, the proportions are 7 parts by weight
of oil of vitriol, previously diluted with 7 parts of water and 4 parts of common salt,

intimately mixed with 3 parts of binoxide of manganese ; in the latter, which is the
most convenient method, hydcochloric acid, specific gravity 1-15, is gently heated with
the finely-powdered binoxide, in the proportions of about three oz. of oxide to half a
pint of acid. The hydrochloric acid should not be more diluted than above indicated,
otherwise an explosion may occur, probably in consequence of the formation of one of
the explosive oxides of chlorine. The gas must he collected either over brine or over
warm water.

In the preparation of chlorine from binoxide (peroxide) of manganese and hydro-
chloric acid, 43-5 parts by weight of manganese and 73 of acid yield 35-5 parts of free
chlorine. If the peroxide of manganese be acted on by a mixture of hydrochloric and
sulphuric acids, 43'5 parts of the manganese, 36-5 of hydrochloric and 49 of sulphuric
acid, will produce 35-5 of chlorine gas. When the generating materials are common
salt, sulphuric acid and peroxide of manganese, 58-5 parts of salt, 147 of acid, and
43-6 of manganese yield 35-5 of chlorine. In this case a bisulphate or acid sulphate
of soda remains in the retort, but if the supply of acid should only be sufficient to
form a neutral sulphate the complete decomposition will not be effected imtil a much
higher temperature has been reached than was required with the larger proportion of
acid. With respect to the calculations given above, it shoidd be remarked that they
refer only to theoretical reactions with pure materials, and that in practice the manu-
facturer will find it necessary to use more than the specified quantities of acid in order
to aUow for combination with lime, oxide of iron, and whatever other bases may be
present as impurities in the raw materials.

In addition to the ordinary methods of generating chlorine abeady described, several
others have been proposed for obtaining this element from its combinations, chiefly
from hydrochloric acid. Some of these methods work with the hydrochloric acid in
the state of gas.

_
Tor example, the gas may be caused to act directly upon peroxide of

manganese
; or it may be mixed with carbonic acid gas, and the mixture transmitted

through red-hot earthenware tubes ; or again a mixture of hydrochloric acid and the
gases evolved by heating nitrate of soda may be similarly treated. In all these cases an
oxidising agent is employed to remove the hydrogen from the hydrochloric acid and
thus liberate the chlorine. The simplest method of effecting this oxidation is to pass
hydrochloric acid gas and atmospheric air over red-hot pumice-stone or asbestos or
spongy platinum. A somewhat similar process has lately been ingeniously devised by
Mr. Henry Deacon, of the Widnes Alkali Works, and has been successfully worked on
a manufacturing scale. A mixture of hydrochloric acid gas and atmospheric air
heated to from 700° to 760° P., is passed over a mass of brick-work which has been
soaked in a solution of sulphate of copper (blue vitriol) and dried. Under these cir-
cumstances the oxygon of the air and the hydrogen of the acid unite to form water
while the chlorine is liberated, mixed of course with the nitrogen of the atmospheric
air, but this dilution of the chlorine does not prevent its employment in the manufacture
of chloride of lime. The action of the copper salt in this process is rather obscure •

many other salts are capable of playing a similar part, and their action is supposed tobe merely catalytic, that is to say, they induco the reaction between the oxygen and
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hydrogen merely by their presence or by contact, without themselves taking any
airect part in the process : the chemist is familiar with many simikr examples of
catalytic action, lor an elaborate discussion of the principles involved in Deacon's
new process we may refer to the ' Journal of the Chemical .Society.' Sept. 1872.
Un the Industrial Manufacture of Chlorine, M. E. Lalando andM. Prud'homme have

tlio loUoAviug remarks :

—

The reaction of anhydrous sulphuric acid, mixed with air or oxygen, upon heated
alkaline chlorides, whicli has given rise to Deacon's patent for the preparation of
chlorine and of sulphate of soda, has led us to generalise this process. Wo have
chiefly experimented with silicic, boric, stannic, and phosphoric acids, and also with

When any of these bodicis, silica, for instance, is mixed with an alkaline
chloride, or with an alkaline earth or earthy chloride, and over this mixture, whilo
being heated to red heat, a current of dry oxygon or air is passed, chlorine is
evolved, and a silicate formed of the base of the chloride employed

:

SiO^ + NaOl + 0 = SiO'NaO + CI (SIO^ + ZWaCl + O = XTa^Slo^ + CV).

At a red heat, therefore, oxygen expels chlorine, when there is simultaneously present
an acid capable of uniting with the base which is formed. Chlorides heated by them-
selves in a current of oxygen (chloride of calcium, for instance) do not give off chlorine.
When a current of hydrochloric acid gas is passed, along with oxygen, over the mixture
of silica and chloride, the acid regenerates the chloride and decomposes the silicate :

SiOMSTaO + HCl = SiO^ + NaCl + HO (Na^SiO^ + ZHCl= SiO^ + ZWaCl + H^O).

In this way a continuous evolution of chlorine is obtained. Instead of taking the
mixture of chlorine and silica, the silicate of the metal in which the chlorine is

contained, or a mixture of silica and the oxide of that metal, is taken. Since analogous
reactions occur with the acids above mentioned, we may state that it is general. Tho
steam formed during the phase of reaction :

SiO^NaO + HCl= SiO^ + NaCl + HO
gives rise to two secondary actions :—

(1) . The chlorine decomposes the water at red heat:

HO + CI=HCl + 0 (K^O + CV =2HCI + O).

(2) . The steam decomposes the chlorides at red heat

:

NaCl +HO =NaO + HCl (2NaCl + H^O =xgra^O + 2KCI).

It is probable that under these conditions an equilibrium exists between the

quantities of chlorine, aqueous vapour, and hydrochloric issuing from the apparatus,

or a limit of maximum between the quantity of chlorine produced and the hydrochloric

acid evolved and issuing from the apparatus. This limit of maximum will be the

greater according as the temperature required for the reaction be less high. Some of

our experiments having been made by causing the substances operated with to be

imbibed with pumice-stone, we have been induced to try whether pumice-stone alone

would yield any result, that material being a complex silicate and a substance

belonging to the category of those indicated by us. We have found that with

pumice-stone an evolution of chlorine is obtained comparable to that obtained from

the other substances, more particularly silica and lime, boric acid and lime, stannic

acid and lime, alumina and chloride of sodium ; since the same result is obtained

with lumps of brick, it might be ascribed to the porosity of these substances ; but

this opinion is gainsaid by the fact, that under the same conditions pipeclay, a silicate

of alumina and a very porous body, does not give rise to any appreciable reaction ;

it tlierefore appears possible that hydrochloric acid converts the surface of pumice-

stone into a mixture of silica and chlorides. We have compared the production of

chlorine in our experiments with that obtained by using bricks impregnated with

sulphate of copper (Deacon's patent) ; the quantity of clilorine obtained in both cases

is the same ; but with bricks impregnated with sulphate of copper the reaction takes

place at a lower temperature. The imperfection of our apparatus has hitherto pre-

vented us from estimating the respective quantities of chlorine, hydrochloric acid, aque-

ous vapour, contained in the gases issuing from the apparatus ; neither have wo been

able to estimate exactly the degree of temperature at which the reaction takes place.

Many other processes have been used with more or less success for the genera-

tion of chlorine. Thus, peroxide of manganese may be acted on by a mixture of

hydrochloric and nitric acids, when chlorine, water, and nitrate of manganese will be

obtained ; this nitrate, on calcination, reproduces peroxide of manganese and some of

tho lower oxides of nitrogen, which, by the action of air and water, may again be

oxidised to nitric acid. When a concentrated solution of chloride ot magnesium

(specific gravity 1-435) is mixed with peroxide of manganese, a product is obtainea
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which on exposure to heat yields chlorine, magnesia, and chloride of manganese. The

chloride of magnesium used in this process may ho obtained from carnallite, a mineral

largely -worked in the salt mines of Stassfurt and Kalucz.
_
According to Longmaid's

methods, chlorine is prepared by passing dry air over a mixture of common salt and

iron-pyrites, roasted together ; or a mixture of salt and some metallic sulphate, such

as sulphate of iron. In Mac Dougal and Eawson's process any chromate or bichromate

is acted on by hydrochloric acid. Shank's method is very similiar, chromate of lime

being decomposed by hydrochloric acid ; but the mode of reproducing the chromate is

different. By Lauren's method protochloride of copper (cupric chloride), mixed with

sand, is heated, and free chlorine evolved, while tho residue of subchloride (cuprous

chloride) is reconverted into the higher chloride by exposure to air in contact with

hydrochloric acid. Mallet directs a current of air over_ subchloride of copper,

thus forming an oxychloride, from which chlorine may be eliminated by hydrochloric

acid.

Mr. Dunlop has also obtained a patent for the product ion of chlorine by a very

elegant method, which dispenses with the use of manganese altogether. It consists in

mixing common salt with nitrate of soda, and submitting the mixture to the action of

sulphuric acid. Chlorine and nitrous gas are evolved, and are caused to traverse a

vessel containing strong sulphuric acid, by which the nitrous gas is readily absorbed,

and the chlorine passes off. A current of atmospheric air is now passed through the

nitrous sulphuric acid, imtil the nitrous is converted into nitric acid. These mixed
acids are then made to act upon common salt without any addition of nitrate of soda,

and the same gaseous products are obtained as before.

A description of Mr. Weldon's process by which the refuse liquors left in the

ordinary mode of preparing chlorine are utilized and the spent manganese re-oxidised,

will be found under Chxchidb of Limb (p. 785).

Chlorine has a peculiar smell and irritates the nostrils and other air-passages most
violently when inhaled. It is eminently noxious to animal life, and if breathed in its

undiluted state, would prove instantly fatal. It supports the combustion of many
bodies, and, indeed, several substances, such as antimony and phosphorus, spon-
taneously burn in chlorine without being previously kindled. The resulting combina-
tions are called chlorides, and act most important parts in many manufacturing pro-
cesses.

"Water absorbs, at the ordinary temperature of the atmosphere, about 2J times its

volume of chlorine, and acquires the colour, taste, and smell of the gas, as well as its

power of destroying or bleaching vegetable colours. When this aqueous solution of
chlorine is cooled down to 36° F., dark yellow crystalline plates appear in it of the
hydrate of chlorine, which are composed in 100 parts of 277 chlorine and 72-3 water.
If these crystals be heated to about 46°, they liquefy, and the gas is evolved.

Chlorine has a powerful affinity for hydrogen, not only combining with it rapidly
in the gaseous state, but seizing it in many of its liquid and solid combinations : as in
certain volatile hydrocarbons, which it inflames. The compomd of chlorine and
hydrogen gases is hydrochloric or muriatic acid gas. Binoxide of manganese, when
mixed with liquid hydrochloric acid, as in the above process, abstracts the hydrogen
and eliniinates the chlorine. When chlorine is passed into water, it decomposes some
of it, seizes its hydrogen to form a little hydrochloric acid, and enables its oxygen to
unite, either with the chlorine into chlorous acid, or with the remaining water, and to
constitute oxygenated water. Hence an aqueous solution of chlorine, exposed to the
sunbeam, continually evolves oxygen, and ere long becomes hydrochloric acid.

In the presence of moisture, chlorine acts powerfully upon vegetable colouring
matters

;
water is decomposed, its hydrogen combining with the chloride to form

hydrochloric acid, whilst its oxygen is liberated, and in its nascent state, or at the
moment of its liberation when most active, oxidises the colouring principles, and thus
bleaches them. Bleaching by means of chlorine is therefore a true process of oxida-
tion; in some cases, however, it appears that colourless substitution-products con-
taining chlorine are produced. The value of chlorine as a deodorizer and disinfectant
consists also m its power of decomposing water, and setting free oxygen, which thus
oxidises tho poisonous miasmatic exhalations, and converts them into more or less
innocuous products. For such purposes, chlorine is usually best employed in the form
of bleaching powder, or chloride of lime ; but in some cases the pure gas may be
conveniently employed : it requires, however, from its poisonous nature to be used
with the greatest care. In fumigating the Millbank Penitentiary, Dr. Faraday found
that a mixture of 1 part of common salt and 1 part of binoxide of manganese, when
acted upon by two parts of oil of vitriol previously mixed with one part of water (all
by weight), and left tiU cold, produce the best results. Such a mixture, at 60° in
shallow pans of red earthenware, liberated its chlorine gradually, but perfectly 'for
four days. The salt and manganese were well mixed, and used in charges of 3^ pounds
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Many of the compounds of chlorine are of groat value in the arts and manufecturesS fully.described under IWochlobic Acm, while it?co~Swith the metals, forming important substances caUed chl*ides, are noticed underZ
aXrL'TtTr: ^s^ome unimptt^'nauliyaridefa

,
but with oxygen and hydrogen it gives rise to a series of ox-acidsknown respectively as liypochlorous, chlorous, chloric, and perchloric ^'ds Some ofthe salts of hypoch orous acid are important as constituents of the blea<;hing compoundspopularly called ' chlorides,' as chloride of lime ; and some of the salts of cfloSSas chlorate of potash, are also of great value in the arts. See CmoEATu of Potash •

LraoEiDB OF Lime.
-imii,

CKI.ORITE. A term applied to a family of minerals of a dark green colour and
lamellar sti-ucture. They are hydi-ated siHcates of alumina, magnesia, protoxide of
iron, &c. The chlorite occurring in the Cornish tin-veins is known as Peach.
CHI,OROIVIZ:trV. The name given to the iDrocess or processes by which the

amount of available chlorine is estimated in substances containing it, which are em-
ployed in bleaching, or as disinfectants. The chlorides (hypochlorites) of lime ofpotash
or of soda are the most important of these compounds. All these decolourising cWorides
are decomposed by the action of acids, even by that of the carbonic acid of the atmo-
sphere, chlorine being set free. The amount of chlorine capable of being thus evolved
is required to bo known for two reasons

; to ascertain its commercial value, and to learn
whether the strength of the solution employed is within the limits which enable it to
bo effectively and yet safely used in bleaching. A number of processes have been
devised for this purpose. The method proposed by Gay-Lussac has been extensively
used m manufactories

; it depends upon the fact that arsenious acid in solution is
oxidised by free chlorine and converted into arsenic acid with the simultaneous forma-
tion of hydrochloric acid. A solution of arsenious acid in hydrochloric acid was first
prepared, of a known strength, and also a solution of the chloride of lime to be
tested, by triturating a weighed quantity with water and making the mixture up to
a certain bulk. A measured quantity of the arsenious acid liquor was placed in a
beaker and coloured with a solution of sulphate of indigo, and the chloride of lime
solution run into it from a graduated burette till the blue colour was destroyed. This
process, though capable of giving accurate results when due care was taken, was liable
to some objections. It was difficult to hit the exact point when the whole of the
arsenious acid was converted into arsenic acid, and a little chlorine was apt to be
evolved if the chloride solution was run in too quickly

; moreover, it necessitated the
measurement of a turbid liquid which required frequent agitation to keep the
suspended matter equally diffused through it, and consequently of uniform strength
throughout. To obviate these defects, the following modification of this process has
been proposed by Penot. It is based upon the same reaction as Gay-Lussac's, but the
change is effected in an alkaline solution, and a test-paper moistened with starch paste
containing iodide of potassium is used to show when the reaction is completed.
Whatever process may be employed, the mode of preparing the solution of the chloride

of lime is the same. "Weigh out 100 grains of the chloride to be examined, after it

has been well mixed so as to obtain a fair average sample, put them into a mortar
with a little water and triturate together so as to break up all lumps and produce a
smooth paste, continue to rub whilst gradually adding more water, allow the heavier

particles to subside, pour off the supernatant liquid into a measuring flask or cylinder

capable of holding 10,000 grains, treat the residue in the mortar as before, and finally

rinse the mortar out into the flask and make up the solution to exactly 10,000 grains

measure and mix thoroughly.

Preparation of the Solution of Arscnite of Soda.—139 '44 grains of the purest

arsenious acid prepared either by crystallisation from hot dilute hydrochloric acid or

by re-subliming a quantity of the arsenious acid of commerce free from sulphide, are

dissolved in a flask in a few ounces of water with the addition of about 700 grains of

crystallised carbonate of soda free from sulphide or hyposulphite. To facilitate the

solution, the arsenious acid should be in fine powder and the mixture should be kept

near the boiling point and frequently shaken. The contents of the flask with the

water required to rinse it out are now transferred to a 10,000 grains measure, and when

quite cold filled up to the mark and the whole then carefully mixed. The starch test

may be prepared by boiling 3 parts of starch with 500 of water, and afterwards adding

1 part of iodide of potassium. The starch should be first mixed smoothly with a

portion of cold water, then the remainder oi the water may be added boiling, and the

whole boiled: for a short time. Slips of white imsized paper (filtering paper) are
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dipped into the mixture and used whilst still damp, in which state they are far mora
sensitive than when dried as Penot proposed. To perform the operation, 1,000 grains

of the solution of chloride of lime are measured out with a pipette immediately after

tliorough mixing, and placed in a beaker or other suitable vessel ; the graduated burette

having been fiUed up to the proper height with the arsenite-of-soda solution, its con-

tents are gradually run into the chloride of lime till a drop of the latter taken out

with a glass rod ceases to produce any colouration upon a piece of the starch test-

paper above described. The operation is then completed. If the burette used
contains 1,000 grains divided into 100 parts, each division corresponds to 1 per cent,

of chlorine, when the sohitions used are of the strength just described. The reason of
this will be evident from the following considerations : one molecule of arsenious acid
requires four atoms of chlorine with two atoms of water to form one molecule of
arsenic acid and fom' molecules of hydrochloric acid. Taking the molecule of
arsenious acid as 198 and the four molecules of chlorine as 132, that is 35'5 x 4, a
simple calculation will show that 139'436 grains of arsenious acid are equivalent to
•100 grains of chlorine, and the 1,000 grains measure of the arsenious test-liquor in the
burette contain one-tenth of this quantity, and are consequently equal to 10 grains of
chlorine. Hence the number of divisions read off upon the burette indicates at once
the percentage of chlorine in the sample examined. As it may sometimes be preferable
to operate upon a larger quantity than 10 grains of chloride of lime, 2,000 grains
of its solution may be taken, or it may be made of double strength ; of course, in
this case the number of divisions observed must be divided by two to obtain the
correct result. It is as well to mention that the solution of arsenite of soda is liable
to change slightly by the action of the air converting a portion into arsenate of soda,
and it is recommended to keep it in small stoppered bottles entirely filled. When the
store bottle is provided with the means of drawing off the solution from the bottom, a
layer of petroleum oil floating upon the top of the liquid will defend it from the
action of the air.

_
Bunse7i's Method.—When free chlorine is brought in contact with an excess of solu-

tion of iodide of potassium, iodine is set free and hydrochloric acid is formed. Each
atom of chlorine sets free one atom of iodine, which by means of the exceedingly
delicate reaction with starch may be estimated with the greatest accuracy. 100 or
200 grains of the solution of chloride of lime prepared as before described are
measured, placed in a beaker or mixing jar, and about 60 or 120 grains measure of
solution of iodide of potassium containing 1 part iodide in 10 parts of water added,
diluted vnth about 1,000 grains of water, acidulated with hydrochloric acid, and a
standard solution of arsenite or hyposulphite of soda run in from a burette, till only
a yellow tint remains. A little starch-paste is now added and the arsenite again
added cautiously drop by drop till the blue colour just disappears. When an
occasional test only is required, the method subjoined may be followed with advantage,
as it obviates the necessity of preparing a standard solution.

This process is founded upon the following reaction :—One atom of chlorine, in pre-
sence of free sulphuric acid and water, converts two atoms of protosulphate of iron into
one atom of persulphate of iron, with the production of one atom of hydrochloric acid

:

2PeO.S03+ S0« +HO-^Cl=Pe20^3S03 + HCl.
2FeSO^ + B^SC + CP =Te%SO'y +Zacii

For the experiment either pure sulphate of iron, free from peroxide, or the double
sulphate of iron and ammonia, or finally a weighed quantity of tliin annealed iron
wire may be used, dissolved in hydrochloric or preferably in dilute sulphuric acid
Of the crystallised sidphate of iron, as 278 parts correspond to 35-5 parts of chlorine'
It IS easily calculated that 7-831 grains will be peroxidised by one grain of chlorine'
31-324 grams (7-831 _x 4) of sulphate of iron are, therefore, weighed out, dissolved in
water, with the addition of a few drops of sulphuric acid, and the volume made up to
2,000 gi-ains measure. One fourth of this, or 600 grains, is taken out with a pipette
diluted with 1,500 to 2,000 grains of water, acidulated with hydrochloric acid, and
the_chloride-of-lime solution, made as previously described, is run into it from a 1 000-
grain burette, with constant agitation, till the whole of the iron is brouo-ht into the
state of peroxide. To ascertain when the reaction is finished, a dilute solution of
ferricyanide of potassium is used. A drop being placed upon a white plate, a stirrine
rod, dipped into the mixture of the iron salt and chloride of lime, is brought into con
tact with It. As long as a blue colour is produced it shows that the whole of the
protosalt of iron is not yet oxidised, and the addition of the chloride-of-lime solution
18 therefore, cautiously continued, until, on mixing the drops, no further shade of
blue IS perceptible. The reading of the burette is then taken

; and, as the volumeused contains one grain of chlorine, the percentage of that element is easily obtained-by dividing 10,000 the uumber of grains of solution in which 100 graina of cUori^
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of hme havo boon dissolved) by tho numbor of grains of solution delivered

? . 1 . .Vfn^fA ol'''^' ^"PP"''" ^.27 grains havo been used, 437 divisions
as 4J7 .1.. 10,000 : 22-89 per cent, of chlorine in tho sample in question. If ironwe bo taJcen, 6-308 grains, or, allowing 0-3 per cent, for impurities, 6-327 grainsmay Do weigliocl, dissolved in dilute sulphuric acid, made up to 2,000 grains measure,
ami tlie solution thus obtained employed instead of that of tho crystallized proto-
sulpliato.—W.J.W. ^

_

CHIiOROrORM. When a mixture of chlorine and gaseous chloride of methyl
IS exposed to the sun's rays, chloroform is produced. It is prepared usually by dis-
tiUiug alcohol -with chloride of lime. It is used to produce insensibility. See Watts's
Dictionary of Chemistry.'

CKIiOROPHAXTE. A name given to some of tho varieties of fluor spar, -which
emit a phosphorescent light when heated. See FLtroa Spab.
CHI.OROPIIYIi]b. Tho green colouring matter of loaves and other herbaceous

parts of plants.

_
CHOCOXiATE. (Eng. and Ger.

; Chooolat, Fr.) This is an alimentary prepara-
tion of very ancient use in Mexico, from which country it was introduced into
Europe by the Spaniards in the year 1520, and by them long kept a secret from tho
rest of the world. Linnaeus was so fond of it, that he gave the specific name,
Theobroma, ' food of the gods,' to the cacao tree which produced it. The cacao-beans
lie in a fruit somewhat like a cucumber, about 5 inches long and 3^ thick, which
contains from 20 to 30 beans, arranged in 5 regular rows with partitions between,
and which are surrounded with a rose-coloured spongy substance, like that of water
melons. There are fruits, however, so large as to contain from 40 to 50 beans.
Those grown in the West India islands, Berbice, and Demerara, are much
smaller, and have only from 6 to 15 beans ; their development being less perfect than
in South America. After the maturation of the fruit, when their green colour
has changed to a dark yellow, they are plucked, opened, their beans cleared of
the marrowy substance, and spread out to dry in the air. Like almonds, they
are covered -with a thin skin or husk. In the West Indies they are immediately
packed up for the market when they are dried ; but in the Caraccas they are sub-
jected to a species of slight fermentation, by putting them into tubs or chests, covering
them with boards or stones, and turning them over every morning, to equalise the
operation. They emit a good deal of moisture, lose the natural bitterness and acri-

mony of their taste by this process, as well as some of their weight. Instead of
wooden tubs, pits or trenches dug in the ground are sometimes had recourse to for

cuiing the beans ; an operation called earthing (tcrrer). They are lastly exposed to

the sun and dried. The latter kind are reckoned the best, being larger, rougher, of

a darker brown colour, and when roasted, throw off their husk readily, and split into

several irregular fragments
;
they have an agreeable mild bitterish taste, without

acrimony. The Guiana and West India sorts are smaller, flatter, smoother skinned,

lighter coloured, more sharp and bitter to the taste. They answer best for the ex-

traction of the butter of cacao, but afford a less aromatic and agreeable chocolate.

According to Lampadius, the kernels of the West India cacao-beans contain, in 100

parts, besides water, 53-1 of fat or oil, 16-7 of an albuminous brown matter, which
contains all the aroma of the bean, 10-91 of starch, 7'75 of gum or mucilage, 0-9 of lig-

nine, and 2-01 of a reddish dye stuff, somewhat akin to the pigment of cochineal.

The husks form 12 per cent, of the weight of the beans
;
they contain no fat, but,

besides lignine, or woody fibre, which constitutes half their weight, they yield a light

brown mucilaginous extract by boiling in water. The fatty matter is of the con-

sistence of tallow, white, of a mild agreeable taste, called butter of cacao, and not apt

to turn rancid by keeping. It melts only at 122° F., and should, therefore, make
tolerable candles. It is soluble in boiling alcohol, but precipitates in the cold. It is

obtained by exposing the beans .to strong pressure in canvas bags, after they havo

been steamed or soaked in boiling water for some time. From 5 to 6 ounces of butter

may be thus obtained from a pound of cacao. It has a reddish tinge when first

expressed, but it becomes white by boiling -with, water.

The beans, being freed from all spoiled and mouldy portions, are to be gently

roasted over a fire in an iron cylinder, with holes in its ends for allo-wing the vapours

to escape ; the apparatus being similar to a coffee-roaster. When tlie aroma begins

to be well developed, tho roasting is known to be finished ; and tho beans must bo

turned out, cooled, and freed by fanning and sifting from their husks. The kernels

are then to be converted into a paste by trituration in a mortar heated to 130° F.,

or by the following ingenious and powerful machine. The chocolate paste has

usually in France a little vanilla incorporated with it, and a considerable quantity of

sugar, which varies from one-third of its weight to equal parts. For IJ lb. of cacao

one pod of vanilla is sufficient. The roasted beans soon lose thoir flavour by cxposuro

to tho air.
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Fig. 462 represents the chocolate mill. Upon the sole a, made of marble, six

conical rollers b b are made to run by the revolution of the upright axis or shaft

q, cbiven by the agency of the fly-wheel e and bevel wheels i k. The solo A rests

upon a strong iron plate, which is heated by a small stovo, introduced at the door h.

The wooden framework f forms a ledge, a few inches high, round the marble slab, to

confine the cocoa in the act of tritm-ation. c is the hopper of the mill through which

the roasted beans are introduced to the action of the rollers, passing first into the flat

vessel D, to be thence evenly distributed. After the cacao has received the first

trituration, the paste is returned upon the slab, in order to be mixed with the proper

462

quantity of sugar and vanilla, previously sliced and ground up with a little hard
sugar. When the chocolate is sufficiently worked, and while it is thin vnth. the heat
and trittiration, it must be put carefully into the proper moulds. If introduced too
warm, it will be apt to become damp and dull on the surface

; and, if too cold, it will
not take the proper form. It must be previously well kneaded with the hands to
ensure the expulsion of every air bubble.
In Barcelona, chocolate mills on this construction are very common, but they are

turned by a horse-gin set to work in the under story, corresponding to h in the above
figure. The shaft G is, in this case, extended down through the marble slab, and is
surrounded at its centre with a hoop to prevent the paste coming into contact with it.

Each of these horse-mills turns out about ten pounds of fine chocolate in the hour,
from a slab two feet seven inches in diameter.

Chocolate is flavoured with cinnamon and cloves in several countries, instead of
the more expensive vanilla. In roasting the beans the heat should be at first very
slow, to give time for the humidity to escape ; a quick fire hardens the surface, and
injures the process. In putting the paste into the tin plate, or other moulds, it must
be well shaken down, to insure its filling ^lp all the cavities, and giving the sharp and
polished impression so much admired by connoisseurs. Chocolate is sometimes adul-
terated with starch; in which case it will form a mass pasty of consistence when treated
with boiling water. The harder the slab upon which the beans are triturated the
better

; and thence porphyry is far preferable to marble. The grinding rollers of the
mill should be made of iron, and kept very clean.

Fig. 463 represents the chocolate mills at the victualling-yard, Deptford, as mounted
by the celebrated engineers, Messrs. Eennie. There are four double mill-stones
•A, B, c, D, each three feet in diameter, of which the nether rests upon a bed of cast-
iron, like a drum-head, kept at the temperature of about 220° by the admission of
steam to the case below. Over each mill there is a feeding hopper, 1, 2 3 4 iu
communication by the pipes 5, 6, 7, 8, with the general reservoir e, charged upon the
floor above with the cocoa through the funnel placed over it. The vertical shafts whicli
turn these mills are marked, f, g, h, l; they are moved by the train of bevel-wheels
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above, which are driven by an arm from the main shaft of the

steam-engine. Each mill can, of course, be thrown in and out

of gear at pleasure. At i, i, i, i, the discharge-spouts are shown,

which pour out the semi-fluid hot chocolate into shallow

cylindrical tin pans, capable of containing about nine pounds

of chocolate each. These four mills are capable of converting

upwards of a ton of cocoa into good chocolate in a day, on the

system of double trituration.
.

Fig. 464 is an end view of one of the chocolate mills, with its

mitre-gearing. • ,o-7i ;i

Our Importations of chocolate or cocpa paste were, in l»7l ana

1872, as follows (when the duty was 2d. per lb., which is the duty

that was settled by the Customs on June 4, 1853) :—
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1871 1872
lbs. value lbs. value

From Franco . . 56,426 £'5,613 56,426 £5,613

,, other Countries . 22,075 1,621 22,075 1,621

Total . . 78,501 £7,234 78,501 7,234

CHOKS DAMP, After Bam'p, Black Damp. Terms employed by miners for

the atmosphere of coal-mines, after an explosion of fire-dampi, -which, is usually air

deprived of its oxygen and largely mixed -with carbonic acid. Choke damp is also iised

to express the atmosphere of carbonic acid, which accumulates in deserted shafts, in

abandoned workings, in wells, or in brewers' vats. It is removed by throwing lime-

water into the space it occupies, and agitating the air.

CHROIVXO-XXTKOC'RAPHV. Printing in colours from lithographic stones.

See Lithography.
CHROMASCOPE. An instrument for showing colours.

CHROIMCATES. Saline compounds of chromic acid with bases
; or, chromic acid

in which the hydrogen is replaced by a metal. See Cheomium and Chromic Acid.
CHROMATES OP IiEAD. Some of these compounds occur native, forming

the minerals known as Crocoisite and Melanochroite. The chromates of lead are also

prepared artificially, and largely used as pigments, the neutral chromate forming
Chrome Yellow, and the basic chromate Chrome Bed. The chrome yellow of the painter
is a rich pigment of various shades, from deep orange to the palest canary yellow. It
is made by adding a limpid solution of the neutral chromate of potash, to a solution
equally limpid of acetate or nitrate of lead. A precipitate falls, which must be well
washed and carefully dried out of the reach of any sulphuretted vapours. A lighter
shade of yellow is obtained by mixing some solution of alum or sulphuric acid with
the chromate before pouring it into the solution of lead ; and an orange tint is to be
procured by the addition of subacetate of lead in any desired proportions.

It was ascertained by MM. Eiot and Delisse, that the proportion of chromic acid in
chromate of lead may be much diminished without any injury to the colour, and that
the same colour is produced with 25 parts of neutral chromate for ICQ of chrome yellow,
as whpn 54 parts are used. They give the following formula for the preparation of
this pigment :—Acetate of lead is dissolved in water, and sulphuric acid in quantity
necessary to convert the oxide of lead into sulphate is added. The clear liquid contains
acetic acid and may be drawn off, and preserved for the preparation of fresh acetate of
lead. The sulphate of lead is washed and treated with a hot solution of neutral
chromate of potash, 25 parts being used for every 75 parts of sulphate of lead. The
liquid then contains sulphate of potash which may be made available, and the precipi-
tate consists of chromate of lead.

_

Chrome yellow may be prepared according to Liebig, by digesting sulphate of lead
in a warm solution of chromate of potash. It may also be obtained by digesting
1 00 parts of freshly-precipitated chloride of lead with 47 parts of bichromate of potash.
Ihis is Anthon s process.

To prepare chrome red, Eunge directs an intimate mixture to be made of 448 lbs.
of litharge 60 lbs. of common salt, and 500 lbs. of water. As soon as the mass
becomes white and swells up considerably, more water is added to prevent it from
becoming too hard. After four or five days, the mass becomes a compound of chloride
and hydrated oxide of lead. Without separating the mother-liquor, which contains
undecomposed chloride of sodium and soda, 150 lbs. of powdered bichromate of potash
are to be added, and the whole well stirred together, and finally washed.

Liebig and Wohler contrived a process for producing a subchromate of lead of a
beautiful vermilion hue. Into saltpetre, brought to fusion in a crucible at a gentle
heat pure chrome yellow is to be thrown by small portions at a time. A strong
ebullition takes place at each addition, and the mass becomes black, and continues
so while It IS hot. The chrome yellow

,
is to be added till little of the saltpetre

remains undecomposed care being taken not to overheat the crucible, lest the colour
of the mixture should become brown. Having allowed it to settle for a few minutes
diiring which the dense basic salt falls to the bottom, the fluid part, consistinfr ofchromate of potash and saltpetre, is to be poured off, and it can be employed again inpreparing chrome yellow The mass remaining in the crucible is to be washed with
water, and the chrome red being separated from the other matters, it is to be dried
after proper edulcoration It is essential for the beauty of the colour, that the saline
solution should not stand long over the red powder, because the colour is thus ai3t tobecome of a dull orange hue. The fine crystaUine powder subsides so quickly to thebottom after every ablution, that the above precaution may bo easily observfidCHROMATES OP POTASH Three of these salts are knJwn, b7t only two

?ilSr04r° ft v^l'
"^"ifly- "eutral chromate of potash KO CrO«CrO<), and the acid or bichromate of potash, K0.2CrO» (K^Cr^O').

•^'^•^^^

,
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The neutral chromate is a yoUow salt, prepared by heating chrome iron-ore with a

Bait of potash. It contains:—

Potash 48-0
Chromic acid 62-0

100-0

The value of a solution of chromato of potasli, if it be tolerably pure, may bo inferred
trom Its specific gravity by the following table :—

At specific gravity 1-28 it contains about 50 per cent, of the salt.

" >> 1'21
,) 33

,,

» .)
1"18 „ „ 25 „

j> ))
1'15

,, „ 20 ,,

1) »)
1'12

,, ,, 16 ,,

)> ))
1*11

,, „ 14
,,

» )> I'lO „ 12 „

The acid chromate or bichromate (called by modern chemists the dichromate or
anhydrochromate ofpotassium) is a red salt, -which by slow cooling, may be obtained
in the form of square tables, -with bevelled edges, or flat, four-sided prisms. They are
permanent in the air, have a metallic and bitter taste, and dissolve in about one-tenth
of their -weight of -water at 60° F., but in one half of their -weight of boiling -water.

The composition of bichromate of potash is : potash, 31-6
; chromic acid, 68"4.

In making the red bichromate of potash from solutions of the yello-w salt, -nitric acid

was at first chiefiy used ; but, in consequence of its relatively high price, sulphuric,

muriatic, or acetic acid has been frequently substituted upon the large scale,

(For the preparation of both these salts refer to Cheome Ieon.)
These salts are much employed in Calico Phintikg and in DYEma. The bichromate

of potash is also used in the photographic process kno-wn as Carbon-printing ; a sensitive

surface being obtained by bichromate of potash and gelatine. Another modern use

of the bichromate is in a convenient form of galvanic cell, -where it serves to oxidise

the hydrogen set free by the action of an acid upon sane.

Chromate of Potash, Adulteration of, to detect.—The chromate of potash has the

po-wer of combining -with other salts up to a certain extent "without any very sensible

change in its form and appearance ; and hence it has been sent into the market
falsified by very considerable quantities of sulphate and muriate of potash, the pre-

sence of which has often escaped observation, to the great loss of the dyers who use

it so extensively. The foUo-wing test process has been de-vised by M. Zuber, of

Miilhouse : —Add a large excess of tartaric acid to the chromate in question, which

-will decompose it, and produce in a few minutes a deep amethyst colour. The
supernatant liquor -will, if the chromate be pure, afford now no precipitate -with the

nitrates of baryta or silver ; whence the absence of the sulphates and muriates may
be inferred. We must, however, use dilute solutions of the chromate and acid, lest

bitartrate of potash be precipitated, which -will take place if less than 60 parts of

water be employed. Nor must we test the liquid till the decomposition be complete,

and until the colour verge rather towards the green than the yellow. Eight parts of

tartaric acid should be added to one of chromate to obtain a sure and rapid result.

If nitrate of potash (saltpetre) is the adulterating ingredient, it may be detected^ by

thro-wing it on burning coals, when deflagration -will ensue. The green colour is a

certain mark of the transformation of the chromic acid partially into the chrome oxide

;

which is efifected equally by the sulphurous acid and sulphuretted hydrogen. Here

this metallic acid is deoxygenated by the tartaric, as has been long kno-wn. The tests

which I should prefer are the nitrates of silver and baryta, having previously added

so much nitric acid to the solution of the suspected chromate as to prevent the pre-

cipitation of the chromate of silver or baryta. The smallest adulteration by sulphates

or muriates -will thus be detected.

A mixture of sulphate of soda and chloride of sodium tinged -with strong solution

of chromium is sometimes sold for pure bichromate of potash.—H. M. N.

CHBOIWAT'yPE. A photographic process. See Photogbapht.

CHROIWCATYPOGRAPHY. A French process for printing letter-press in

^°
CHROME AX.T7M. A double sulphate of sesquioxide ofchromium and pota.sh.

It is obtained as a by-product in the preparation of the aniline colours, and is some-

times used in d-veing. See Alum. .

CKROIMCE GREEKT. This term is applied both to the green oxide (sesquioxide)

of chromium, and to a green pigment prepared by mixing chrome yeUow with Prussian

blue.
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CHROME IRON, OP CRROlVIITi:. The only ore of chromium which occurs in
sufficient abuudauco for the purposes of art is the octahedral chrome ore, commonly
called chromate of iron, though it is rather a compoimd of the oxides of chromium and of
iron. It is formed on the type of magnetic iron-ore, being a combination of a protoxide
with a sesquioxide—the protoxide metal in chrome iron-ore being chiefly iron, and the
sosquioxido metal chiefly chromium

;
hence, the formula is FeO.Cr-0.' (PeCr^'o*). The

fracture of this mineral is imperfect conchoidal, or uneven. Hardness = 5-5
; specific

gravity 4-4 to 4-6
; but the usual chrome ore found in the market varies from 3 to 4.

It lustre is semi-metallic or resinous
; colour, iron or brownish black

; streak,yellowish
to reddish brown. It is sometimes magnetic. Before the blowpipe it is infusible
alone, but in borax it is slowly soluble, forming a beautiful emerald-green bead •

fused with nitre it forms a yellow solution in water.
'

Chrome ore was first discovered in the Var department in France ; it is also found
chiefly in serpentine, in Saxony, Silesia, Bohemia, Transylvania, the Banat, andStyria-m Norway at Eoraas, in the Ural near Katherinenberg, in the United States at the
BarehiUs near Baltimore, Chester in Massachusetts, and Hoboken in New Jersey. In
Scotland it is found in the parishes of Kildrum and Towie in Aberdeenshire, in the lime-
stone near Portsoy in Banffshire, near Ben Lawes in Perthshire, and at Buchanan in
btirlmgshire. It occurs massive and in considerable quantity in serpentine-rocks at
bwinaness and Haroldswick in Unst, one of the Shetlands ; in Petlar and in other
of the smaller Shetland Islands.

Composition of Chrome Iron Ores.

Sesquioxide of Chromium
Protoxide of Iron
Alumina
Magnesia .

Silica

.

1 2 3 4 5

86-0 64'08 39-51 60-04 43-00
37-0 25-66 36-00 20-13 34-70
21-5 9-02 13-00 11-85 20-30

5-36 7-45
5-0 4-83 10-60 2-00

99-5 98-95 99-11 99-47 100-00

analysed by Eaproth.
oy»eyDert, (4) crystallised, from Baltimore, analysed byAbioh; (5)

The chief application of this ore is to the production of Chromate of Potash fromwhach salt the various other preparations of this metal used in the arts ifobteined
IVm^m»^o/^>^.Or..--Accordingtothe old method it is reduced to a fine powlr^ being ground m a mill under ponderous edge-wheels, and sifted. It is then Xedwith one third or one half its weight of coarsely-bri ised nitre, and exposed S a

^iMT'tZtl^T^r.^ reverberatoij hearth, wher'e it SsSd aSut

potoh than tie chromic add does ^ "

ssr :;;srr«s££~i?f^^^^

In l847 Mr. Tilgmann obtained a patent for the use of felspar in rt« -.v, ^ .of certain alkaline salts, and amongst them of chromte ofSsh .
"^^^

by weight of felspar, 4 parts of lime, or an eauiv^C m?;J?r V ,
* P^'^^ts

and one part of chromicL. all in fine PoKtinrat!^^^^^^^
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kept at a bright red heat for from 18 to 20 hours in a reverberatory fornaco, the mix-
turo being turned over frequently, so that all parts may bo exposed equally to heat
and air; the temperature is not to rise high enough to cause oven incipient fusion, and
tho charge should bo kept in a porous state

;
when, on being examined, the charge is

foiind to contain tho proper quantity of alkaline chromate, it is withdrawn from tho
furnace and lixiviated with water.

In treating chromium (chromate of iron), tho oro is pulverised and mixed with
common salt, miu'iato of potash, or hydrate of lime, and exposed in a reverberatory
furnace to a red or even a white heat, the mixture being stirred every ten or fifteen

minutes, and steam at a very elevated temperature introduced during the operation,

until tho desired effect is obtained, which may bo ascertained by withdrawing a
portion from tho furnace and testing it, as customary. The products of this operation

are finally treated in the manner usual for the chromic and bichromic salts.

Tho mixture of chromiimi and common salt produces chromate of soda, the greater

portion, or perhaps all of the iron contained in tho chromium being absorbed by the

hydrochloric acid evolved from the salt, and carried off in the form of sesquichlorido

of iron. From the first mixture is manufactiired pure bichromate of soda, which, by
the addition of hydrochloric acid, may be converted into chlorochromate ; and from the

last, or lime mixture, is produced a chromate of that earth, from which, by the

addition of soda or potash, there may be obtained a compound salt, which, with those

previously mentioned, may bo advantageously employed.

M. Jacquelin first prepares chromate of lime by calcining at a bright red heat in

a reverberatory furnace, for 9 or 10 hours, an intimate mixture of chalk and chrome

ore. The friable and porous mass is then crushed, suspended in water, and sulphuric

acid added until the liquid slightly reddens blue litmus-paper ; the chromate of lime

is hereby converted into bichromate ; chalk is now added, until the whole of the

sesquioxide of iron is precipitated, and the clear liquid, which now contains only

bichromate of lime and a little sulphate, may boused for the preparation of the in-

soluble chromates of lead, zinc, baryta, &c., by mixing it with the acetates or chlorides

of these metals. To prepare bichromate of potash, the bichromate of lime is mixed

with solution of carbonate of potash, which gives rise to insoluble carbonate of lime,

which is easily washed, and a solution of bichromate of potash which is concentrated

and set aside to crystallise.

Mr. Booth (patent sealed Nov. 9th, 1852) mixes powdered chrome ore with one-

fifth of its weight of powdered charcoal, and heats it on the hearth of a reverberatory

furnace, protecting it carefully from the air. The ore is by this means decomposed,

and the iron reduced to the metallic state, and is dissolved out by dilute sulphuric

acid ; the residue is washed and dried, and afterwards mixed with carbonate of potash

and salpetre, and heated in the same manner that the chrome ore itself is heated in

the process usually employed. The solution of sulphate of iron is evaporated to

crystallisation so as to produce copperas in a state adapted for commerce.
_

Analysis of Chrome Iron Ore.—Various methods have been proposed. The foUowing,

suo'eested by Mr. T. S. Hunt, gives accurate results :—The ore, finely levigated m an

affate mortar, is mixed with 10 or 12 times its weight of fused bisulphate of potash,

and preserved at a gentle heat for about half an hour. The fused mass is extracted

with hot water, and boiled for a few minutes with excess of carbonate of soda
;
the

precipitate is dried and fused with five times its weight of a mifture of equal parts

of nitre and carbonate of soda, in a platinum or silver crucible The nuxture is

kept in fusion for 10 or 15 minutes, and when cold is extracted with water. 1 he

alkaUne chromate thus obtained may be precipitated by a salt of lead or it may be

supersaturated by hydrochloric acid, and boiled with alcohol, by which it is converted

info chloride of chromium, from which the oxide is to be precipitated 1^7 ^d^ng

ammonia in excess and boiling for a few minutes. Chrome iron ore is so difficult

^decomposition, that the method of fusing it at once with _nitro_ and an alkaline

Srbrarfreque^tly fails in oxidising the whole of the chromium into chromic acid.

M^ Calve?t mixes the weU-pulverised ore with three or four times its weight of a

mixt^o mrde b^ slaking quicklime with caustic soda, and tiien dries and ca cines

Xe m^ss He then adds one-fourth part of nitrate of soda, and calcines for two hours

morrbv which time he finds tho whole of the chromium is converted into chromic

Tcid Another process, which Mr. Calvert finds to produce good results consiste in

LnfttpuCed chrome ore with f^^^^of^^j^,^^^^^^
a little caustic

potash lorn time to time toW^^^ ^^^^

c™m1 STO^r The nlTgfven to Chrome Ochre when it is so intimately

=nbe5t S^r;and eJ^hr loJSU^— of Minoralog,.
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CBROMXC ACZB.
_
There are several methods of preparing this acid ; the sim-

plest cousists in decomposing bichromate of potash by oil of vitriol: 1. An excess
of oil of vitriol is mixed -with a warin solution of bichromato of potash ; tlie liquid is

poured offfrom the chromic acid, which separates in small red crystals'; tlio crystals
are drained in a funnel having its stem partly filled with coarsely-pounded glass, and
are afterwards dried on a porous tile under a bell glass : 2. Mr. Warrington mixes
10 measures of a cold saturated solution of bichromate of potash with from 12 to 15
measures of oil of vitriol free from lead, and presses the red acicidar crystals Avhich
separate as the liquid cools, between porous stones. If it be desired to remove the
last traces of sulphuric acid, the crystals should be redissolved in water, and a solution
of bichromate of baryta should be added in quantity just sufficient to throw down the
whole of the sulphiiric acid as sulphate of baryta ; the solution may be recrystallised
by evaporation in vacuo : 3. Meissner prepares the acid direct from chromate of
baryta by digesting that salt with a quantity of dilute sulphuric acid, not sufficient
for complete saturation : the solution which contains chromic acid and acid chromate
of baryta is precipitated by the exact amount of sulphuric acid required, so that the
solution is affected neither by sulphuric acid, nor by a salt of baryta : it is then
evaporated to dryness.

Mr. Charles Watt obtains the acid by treating chromate of baryta with considerable
excess of pure strong nitric acid. The chromic acid is separated from the insoluble
nitrate of baryta by filtration through asbestos, and the solution is then evaporated
to dryness, while nitric acid is expelled.
Chromic acid is obtained in quadrangular crystals, of a deep red colour ; it has a

very acrid and styptic taste. It reddens powerfully litmus-paper. It is deliquescent
in the air.

_
When heated to redness, it emits oxygen and passes into the sesquioxide.

When a little of it. is fused along with vitreous borax, the compound assumes an
emerald green colour.

As chromic acid parts with its last dose of oxygen very easily, it is capable in
certain styles of caHco-printing, of becoming a valuable substitute for chlorine where
titus more powerful substance would not, from pecuHar circumstances, be admissible
i!or this ingenious application, the arts are indebted to that truly scientific manu-
tacturer, M. Damel Koechlin, of Miilhouse. He discovered that whenever chromate of
potash has its acid set free by its being mixed with tartaric or oxalic acid, or a
neutral vegetable substance (starch or sugar, for example), and a mineral acid a very
lively action is produced, with disengagement of heat, and of several gases. The
result of this decomposition is the active reagent chromic acid, possessing valuable
properties to the printer. Water-solutions of chromate of potash and tartaric acid
being mixed, an effervescence is produced which has the power of destroying vegetable
colours. But this power lasts no longer than the effervescence. The mineral acids
react upon the chromate of potash only when vegetable colouring matter, gum, starch
or a vegetable acid, are present to determine the disengagement of gas Durine thi^
curious change carbonic acid is evolved ; and when it takes place in a retort, there iscondensed m the receiver a colourless liquid, slightly acid, exhaling somewhat of thesmeU of vinegar, and contaimng a httle empyreumatic oil. This liquid, heated withthe nitrates of mercury or silver, reduces these metals. On these principles M. KcEchlindischarged mdigo-blue by passing the cloth through a solution of chromate of potashand printing mtric acid thickened with gum upon certain spots. It is probable thatthe employment of chromic acid would supersede the necessity of havinJ recoise inmany cases to the more corrosive chlorine.—HM N

letuurse in

tis8u^s!°''°^'''^

now used in microscopy for hakening the preparations of soft

CHROIMCXTE. See Chrome Ieon-oee.

..w^^^^^^^' Cr; Atomic weight, 26-27.) The metallic base of theoxide of chromium. It may be obtained by exposing to a very high temperatSe ina crucible lined with charcoal, an intimat/ mixture of sesquiJxidfof cTrErand
tl T}\.^

' vo^deved in an iron mortar, and mixed^th a httle more sesquioxide of chromium (to oxidise as much as possible oTthecarbon)
;
it is then again exposed m a porcelain crucible to a very high temperaturewhen a coherent metal is obtained. This metal is greyish in colour, hard anfbrS'

CHaOMZTTM, OXIBE OP. There are several oxides of chi-omium known

citl ' T '''' i« BesquioxSe TS') kno^commonly as ffreen oxxde of chromium. This has come so extensively into use LT^enamel colour for porcelain, that a fuller account of the best modes of m«T?nfn.tf-
It must prove acceptable to many of our readers

manufacturing

That oxide, in combination with water,^called the hydrate, may be economically
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proparocl by boiling cliromate of potash, dissolved in water, with lialf its weight of
tlowers of sulphur, till the resulting green precipitate ceases to increase, which may be
easily ascertained by filtering a little of the mixture. The addition of some potash
accelerates the operation. Tliis consists in combining the sulphur with the oxygen
of the chromic acid, so as to form sulpliiiric acid, which unites with the potiish of the
chromato into sulphate of potash, wliile the Chrome oxide becomes a hydrate. An
extra quantity of potash facilitates the deoxidation of the chromic acid by the forma-
tion of hj^osulphite and sulpliide of potash, botli of which have a strong attraction

for oxygen. For this purpose the clear lixivium of the cliromate of potash is

sufficiently pure, though it should hold some alumina and silica in solution, as it

generally does. The hydrate may be freed from particles of sulphur by heating

dilute sulphuric acid upon it, which dissolves it ; after which it may bo precipitated,

in the state of a carbonate, by carbonate of potash, not added in excess.

By calcining a mixture of bichromate of potash and sulphur in a crucible, chromic

acid is also decomposed, and a hydrated oxide may thus be obtained ; the sulphur being

partly converted into sulphuret of potassium, and partly into sulphuric acid (at the

expense of the chromic acid), which combines with the rest of the potash into a

sulphate. By careful lixiviation, these two new compounds may be washed away, and

the chrome green may be freed from the remaining sulphur, by a slight heat.

Another method of preparing green oxide of chromium, is to mix intimately 45 parts

of gunpowder with 240 parts of perfectly dry chromate of potash, and 35 parts

of chloride of ammonium (sal-ammoniac), reduce to powder, and pass through a

fine sieve ; fill a conical glass or other mould with this powder, gently pressed, and

invert so as to leave the powder on a porcelain slab of any kind. When set on fire

at its apex with a lighted match, it will burn down to the bottom with brilliant corus-

cations. The black residuum, being elutriated with warm water, affords a fine bright-

green oxide of chromium.

Preparation of Green Oxide of Chromium for Calico-Frinting.—The following direc-

tions are given by De Kerrur. At the commencement of the process the green

hydrate of the oxide of chromium is first prepared by dissolving 4 kilogrammes of

bichromate of potash in 22 litres (39 pints) of boiling water. Then into a boiler or

vessel containing 108 litres (24 gallons) of boiling water, 4 or 5 kilogrammes (8 or 10

lbs.) of pulverised white arsenic are thrown, and boiled for 10 minutes : a precipitate

will be formed, and must be allowed to settle : the clear liquor is then rim off, and

immediately mixed with the solution of bichromate of potash, stirring all the time : in

a short time the mixture acquires a green tint, and the hydrated oxide of chromium

will be formed and precipitated. After being several times well stirred, and allowed

to cool, the whole is thrown upon a filter of white wool, and the hydrate of chromium

remaining on the filter is carefully washed with boiling water. It is then dried, and

ready to be employed for the preparation of the chloride. In order to obtain that salt,

hydrochloric acid of 22° Baume is diluted vrith water, until the acid no longer gives

off vapour. It is then heated , and whilst hot, as much of the hydrated oxide of

chromium, prepared as above, is added as will saturate the acid and leave a slight

excess of the oxide undissolved. The whole is then left to settle, and the clear liquor

is decanted from the dissolved matter. In this state the solution of chloride of

chromium still presents some traces of free acid, which would act injuriously upon the

fibres of the cotton. To remove this, and to obtain the product in a neutral state,

T)Otash-ley (marking 36° Baume) is poured in very gradually, until the oxide of

chromium begins to be precipitated. The solution of choride of chromium thus pre-

pared and which is of a dark green colour, is evaporated until it marks 46 Baum6 ;

after cooUng, oxide of chromium of the finest green colour is obtained. This prepara-

tion is sold under the name of Sea-green.
_ ^ f

This oxide may also be prepared by decomposing, with heat, the chromate ot

protoxide of mercury, a salt made by adding to nitrate of protoxide of mercury (mercu-

rous nitrate), chromate of potash, in equivalent proportions. This chromate has a fine

cinnabar red when pure ;
and, at a dull red heat, parts with a portion of its o^gen

and its mercurial oxide. From M. Dulong's experiments it would appear that the

purest chromate of mercury is not the best adapted for preparing the oxide of chrome

o be used in porcelain painting. He thinks it ought to contain a little oxide of man-

Lesrand chromate of potash to afford a green colour of a fine tint, especially for

ifeces tha? are to receive^a powerful heat. Pure oxide of d-me preserves its cobur

well enough in a muffle furnace ; but, under a stronger fire, it takes a dead-leat

'°
ATiydrSresquioxide of chromium is used as a green pigment, under the name of

^™om1UM; BIXIE OXIDE OT. The following directions have been given

for t?e preparation of a blue oxide of chromium :-Tbe concentrated alkaline, solution
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of chromate of potash is to bo satiu-ated with weak sulphuric acid, and then to overv
8 lbs. are to bo added 1 lb. of common salt, and half a pound of concentrated sul-
phuric acid ;

the liquid will now acquire a green colour. To be certain that the yellow
colour IS totally .Jestroyed a smaU quantity of the liquor is to have potash added to
It and filtered

;
if the fluid is still yellow, a fresh portion of salt and of subhuric

acid is to be added: the flmd_ IS then to be evaporated to dryness, redissolved, and
faltered

;
the oxide of chrome is finally to be precipitated by caustic potash. It will

H M N
washed, must be collected upon a filter.—

CHR7SAia-ZX.Iza-E. See Aniune Yellow,

,a^a^^7f^^°^.^^'^^'
is composed of alumina 80-2 and glucina

19-8 = 100. It is of various shades of yellowish and light green, sometimes witha bluish opalescence internally. It has a vitreous lustre, and varies from trans
lucent to transparent. Fracture, conchoidal, or uneven. Specific gravity = 3-5 to "^-R
It belongs to the trimetric system.

o a tu o o.

This stone, when transparent, furnishes a beautiful gem of a yellowish-ffreen
colour, which is cut with facets, unless it be opalescent, in which case it is cut e«
cabockan It occurs in the Brazils aud Ceylon, in rolled pebbles in the alluvial
deposits of rivers; in the Ural, in mica-slate; and at Haddam, Connecticut, US in
granite, traversing gneiss.—H.W.B.

v.ut, u.o., m
For varieties of Clirysoberyl, see Cat's Eye, aud Cymophane.

fi
^""^^^^ save this name to Borax. It is now applied tothe hydrous silicate of copper, a mineral with the composition of silica 34-3, protoxideof copper 45-2 water 20-5. It is often mixed with carbonate and oxide of copper. It

f w . T * t',^^^ ^^P'^^^^' the copper mines of South Australia,and the West Indian Islands
; also in Cornwall, Saxony, and indeed in most localitieswhere copper-mmes occur. Bischof observes, that silicate of copper may be formedthrough the action of an alkaline, lime or magnesia silicate, on siSphate Jr nitrS ofcopper m solution. He also shows that this silicate is decomposed b7carWted

''^^f'- °^t^^« alkaline%iUcatJs are of nftirnished by the decomposing granite, and the sulphate of copper by the changeswhich constantly occur in copper pyrites.
i-naages

CHRYSOirrE, or Pendot. The name given to the paler and more trans-

Sains ,7ff .^^ the latter name being restricted to imbedded masses orgrains of inferior colour and clearness. It is usuaUy found in angular or rolledpieces,_ rarely crystallised. The crystals (generally, 8, 10, or 12-fided prSnsbelonging to the rhombic system, are variously terminated, and often srco™ed
ttnlZZ^f^""' '"^^r generally very fragile, and therefo?runfitfor ornamental purposes. The chrysolite is a silicate of magnesia, with more or lessprotoxide of iron An analysis of an oriental chrysolito by Stromeyergrve : si Sa
O-Ool'oxl&K^^^^ 0-22,Wid^ of^mangan^e

are^arJ^M^^.n'S^! ^'^'"'f
in hardness and play of colour

; but when the stones.re large and of good colour, and weU cut and polished, it is made into necklaces &cwith good effec From its softness, which is little less than that of glas^^^^^^^

oiToThr.'^ f The best mode of Zpla/inr^^^^^^coW to the greatest advantage is to cut it in smaU steps. To give it the hifhest

?h« 'i '°^^vT^'^i^"''.'^'«^ ^ little sulphuric acid if Sopped SS
ttn^^^fT.lr!^^

suffocating smell is given out, produced, probably,^by the oS?
hZ ?L ?

"°PP|^/^°^ the decomposition of the acid. Chrysolite is supposed to have

SrT^f
^t is found near Constantinople; at Vesim^xs and

Kte^^™;^*^^^^' - ^---^ - Egypf^ and at E^^dliy?''

PoW^J^i,®^^"^^^*..
apple-gi>een or leek-green variety of chalcedony thecoloi^ of which IS caused by the presence of nickel.^ It occurs at Kosemiitz' in SHesiaand Belmont's lead-mine, St. Lawrence County New York

m ouesia,

This^stono was probably the chrysoberyl of the ancients.—H.W B
nwTr3 -^'""f ^ asbestiform variety of serpentine.

Cma^iT^ 'Trrf^'
of shell-lime and sea-sand, commonly used in India.

Prv^f^w " .1,^
hydrated phosphate of protoxide of cerium, found in minute

C^Grt^lf?'w-H^ r r ^^^y-«l^te, in a Cornish tin-lode MrUre\nl]o Williams has detected didymium in churchiteCXCHORZUM ZNT7BVS. See Chicory.
CIBER. See Cydee.

•
,^*^^2iIA»r EARTH. Ci7noliie (Cimolia, Pliny). This earth is found in fl,-.

It has been frequently confounded with fullers' earth, because it has been ufed S
3 F 2
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the same purposes—removing grease from silk or woollen fabrics. It is an aluminous

silicate, consisting of silica 63, alumina 23, oxide of iron 1-2.5, water 12. It absorbs

water rapidly, and splits into thin lamina. Powdered and mixed with water it forms

a creamy mass, whicli absorbs oil from any fabric over which it may be spread.

CUStCTaONA. BARK. A Parliamentary paper on the progress of India in 1872

gives iiiforiiialion respceUug the cultivation of the cinchona plant, from which quinine

is obtained. It was introduced into the Hill districts of India, from South America,

in 1860. The total expenditure of the experiment was 6 1,7,1 9i. The return repre-

sents a value which is simply incalculable. There are now 2,639,285 plants in the

Government plantations on the Noilgherry Hills alone, without counting those of

private planters in this and in other districts. The largest trees are 30^- feet high,

and over 3 feet in girth round the trunk. The area covered by the plantations

amounts to 950 acres, and is being largely added to every year. The bark under

cultivation is much richer in quinine and the other febrifuge alkaloids than the wild

bark of South America. During last year 7,295 lbs. of excellent bark were sold in

the London market, while 65,688 lbs. were supplied to the local manufactory.
_
This

year 20,000 lbs. will be sent home. The alkaloid is manufactured on the spot in an

exceedingly cheap form for the use of local medical stores, and hundreds of fever

patients are thus annually cured. The object of providing an abundant supply of the

febrifuge at a price within the means of the population at large is rapidly being

realised.

Prom the report on the Government cinchona plantations at Ootacamund for

1870-71 we learn that the growth of the plants has been very satisfactory. The

older plants of the various medicinal kinds have grown from shrubs into trees 22 feet

or 23 feet high, and 18 inches to 21 inches in girth. Of the Cinchona succirubra the

finest samples reach a height of 30 feet, with a girth of three feet. Three thousand

five hundred plants of the Calisaya kind have been permanently planted out on two

acres of new land. With this exception, the work of the year has been confined to

filling up failures and planting along the roadside. Among the new species of plants

lately introduced is the Pitayo bark, which appears to be hardy and well suited to

the climate. A lanceolate variety of Calisaya introduced from Java makes but slow

growth at Ootacamund. During the year 51,353 lbs. of fresh bark were supplied to

Mr. Broughton, the Government Quinologist, for the manufacture of amorphous

quinine. Prom 1,000 eight-year-old plants of C. succirubra as much as 2,560 lbs.

have been or will be extracted during this year. This average of more than 2| lbs.

to each tree will yield, at the present rates of 2s. Sd. to 3s. per lb., a clear profit of at

least a rupee a pound. After the tenth year an increasing profit may be yearly ex-

pected, with a steady improvement in the quality of the bark. In the cheaper kinds

of bark it is unlikely that India will ever compete successfully in the home market

with America, where the plant grows wild, and its culture, which is yearly spreading,

costs nothing. In the finer kinds of bark, however, a successful competition is far

from unlikely, if the mossing process is steadily applied. Under this procesj each

successive renewal of bark will become more valuable than the
_
last, until red bark

yields from 10 to 12 per cent, of crystalUsable alkaloids, containing from 6 to 8 per

ceot. of pure quinine, while 8 or 10 per cent, of the latter may be expected from the

crown barks. In that case India would defy competition, for no such bark, it appears,

could be obtained from America. See Peeuvian ^ahk.

cnrCHONA BED. An amorphous dark reddish-brown substance, obtained

from cinchona, or Peruvian bark. „ , -j • • ^-fi,

CINCHOlflCIirE. C«H2'N=0- (C'-H^'Iff^O.) An alkaloid isomeric with cin-

chonine and cinchonidine. It is produced by the action of heat on any of the saline

combinations of cinchonine.—Pasi!«(n ^ i nii^mflino nf
CXNCHONXSnrs. C^ff^N^O^ (C^'H^^N^O.) This alkaloid, the quimdine of

Leers, is one of the isomers of cinchonine. „ , • j „,„ot„V hasfi sw.
r-T-KrfHMaTTTS CA<>W*WO- fC^'H^WO.) An alkaloid or organic base ac-

.o^g^'q^Mnf £| S y^^--^^^^^^^
SlyXnllirC
in that fluid.^ Sulphate of quinine, on the other hand, is l^f/^iLt eSS See
cinchonine. Cinchonine is insoluble, while qmnine is freely soluble m etner.

Watts's 'Dictionary of Chemistry.' • ij„ „ T^rndupf known as
When cinchonin; is distilled with a ^drated aU.ali it yields a product to^^

chinolinc oil, containing three homologous bases-c7««oZ»««, lep^dme, and fcrt/tuCine.

From this oil, a brilliant blue pigment may be obtained.

CINDER. The slags produced in the processes of iron ^^"^^^^t series
CIWDER BED. A bed of oyster-shells ; found in the Middle PurbecJs series.

CXITDER riiUE. Sco Ieok.
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CINBSR IROSr. See Irok.

CZIO'BER TAP. See Iron.

CZKriO'ABAR is the principal and only valuable ore of mercury -wlucli is prepared
from it by sublimation.

It is a sulphide (sulphuret) of mercury, composed, when pure, of quicksilver 86%
sulphur 13'8, in which case it is a natural vermilion, and identical with the vermilion
of commerce ; but it is sometimes rendered impure by an admixture of clay, bitumen,
oxide of iron, &c. Cinnabar is of a cochineal-red colour, often inclining to brownish-
red, and lead-grey, with an adamantine lustre, approaching to metallic in dark
varieties, and to dull in friable ones. It varies from sub-transparent to opaque, has a
scarlet streak, and breaks with a sub-conchoidal uneven fracture. H= 2 to 2-6, specific
gravity = 8-99. In a matrass it entirely sublimes, and with soda yields merciuy with
the evolution of sulphurous fumes. When crystallised, it belongs to the rhombohedral
system.

Cinnabar occurs in beds in slate-rocks. The chief European beds are at Almaden,
near Cordova, in Spain, and at Idria in Carniola, where it usually occurs in a massive
form, and is worked on a thick vein belonging to the carboniferous series. It also occurs
abundantly in China, Japan, Huanca Vilica in South Peru, and at New Almaden in
Santa Clara Co., and in other parts of California, where extensive mines of cinnabar
are worked.

_
It is also abundant in Idaho. The chief source of the mercury used

in England, is Spain. Our recent imports of native Cinnabar cannot now be ascer-
tained, as it is all entered at the Custom House under the head of ' Ores unenumerated.'

Cinnabar in the arts is used as a pigment, in the state of a fine powder, which is

'

known by the name of vermilion. See Mercuey and VEHMrLioN.
cnrxAMON. {Cannelle, Fr. ; Zimmt, Ger.) The inner bark of the Laurus

cinnanwmum, used chiefly for flavouring cordials. Cinnamon yields an exquisite
essential oil by distillation which has considerable use in medicine and perfumery. It
is largely used for incense, but its principal consumption is in Spain, for the fabrica-
tion of chocolate, where it is said not less than 60,000,000 lbs. are used annually,
nearly the whole of which is brought from Ceylon.
Of cinnamon we imported as follows :

—

1° 1870 2,215,434 :e252,875
1871 1,574,946 143,520
1872 1,082,134 111,496

,

CXSnrnvtOir STOWE. a name given to Essonite, one of the varieties of
the lime garnets. Many so-called hyacinths are really nothing more than fine-
coloured cinnamon stones.

CXPOXiZXI'O. An Italian marble, of white colour, with pale green markingsCZTRZC ACXB. {Acide citrique, Er.
; Oitronensaure, Ger.) This acid exists in

tne juice ot fruits, especially the lemon, orange, currant, and quince. It was first
procured from lemon-juice in a pure state by Scheele, who adopted the following
process :-Lemon-juice was put into a large tub, and saturated with dry chalk in fine
powder, noting carefuUy the quantity employed. The citrate of lime which preci-
p^at«s being freed from the supernatant liquor is to be well washed, with repeated

^ST^ 1?
°° «f .^ater Eor every ten pounds of chalk employed, nineand a half pounds of sulphuric acid diluted with six times its weight of water are to bepoured while warm upon the citrate of lime, and well mixed with it. At the end oftwelve hours, or even sooner, the citrate will be decomposed, dilute citric acid will

T^frJ J% ^

^^P^ate of hmewiU be found at the bottom. The acid being

^IVSi ^^^'^J^^^T^^'^t''^^
"^^'^^ thrown on a canvas filter, drained, andthen washed with water to abstract all the acid .

The citric acid thus obtained may be evaporated in leaden pans, over a naked fire,

anLL ^""'"r '^ffv
^^^''^y ^"^^5 ^^^^^ ^^^''^ must be transferred intoanother vessel, evaporated by a steam or water bath till it assumes a syrupy aspect,when a pellicle appears first in patches, and then over the whole surfacef This point

r rtt n7l^
^th great circiimspection, for if it be passed, the whole acid runs

sta^\t^.?r^
spoiled by carbonisation. The steam or hot water must be in-stantly withdrawn, and the concentrated acid put into a crystallising vessel in a drvbut not very cold apartment. At the end of four days the crystallisation will becomplete The crystals must be

_
drained, re-dissolved in a small porti'on of waterthe solu ion set aside to settle its impurities, then decanted, re-evaporated and

Cist ^""^'^ crystallisation may be necessary to obSin a colour-

If any citrate of lime be left undecomposod by the sulphuric acid, it will disaolvAm the citnc acid, and obstruct its crystallisationrand hence it will be saf^ to urfhe
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slightest excess of sulplimnc acid, than to leave any citrate imdecomposed. There
should not, however, bo any great excess of sulphuric acid, K there bo, it is easily

detected by nitrate of baryta, but not by the acetate of lead as prescribed by some
chemical authors ; because the citrate of lead is not very soluble in the nitric a -id,

and miglit thus bo confounded with the sulphate, whereas citrate of baryta is per-

fectly soluble in that tost acid. Sometimes a little nitric acid is added with advan-

tage to the solution of the coloured crystals, with the effect of whitening them.

Twenty gallons of good lemon-juice will afford fully ten pounds of white crystals

of citric acid.

Citric acid crystallises from a cold satiu-ated solution in prisms belonging to the

rhombic system, and containing C'2H«0'«.2HO (CH-O'.H^O). 1^ however, the

crystals bo deposited from a hot solution, they present different forms, and contain

only one-half tlie normal proportion of water.

The specific gravity of the crystals of citric acid is 1-617. They are unalterable

in the air. When heated, they melt in their water of crystallisation ; and at a higher

heat, they are decomposed. They contain 18 per cent, of water, of which one-lialf

may be separated in a dry atmosphere, at about 100° F., when the crystals fall into

a white powder. Citric acid is soluble in 0-76 parts of cold, and in 0-5 parts of

boiling water,

Citric acid in crystals is composed, by Dr. Ure's analysis,—of carbon, 33-0, oxygen,

62-37, and hydrogen, 4-63 ; results which differ very little from those of Dr. Prout,

subsequently obtained. Dr. Ure found its atomic weight to be 8-375, compared to

oxygen 1,000. The composition of crystallised citric acid has been thus represented :

—

Carbon
Hydrogen . . .

Oxygen

per cent,

theoretical
Dumas Prout Ure

35-8

4-5

69-7

36-28

4-45

59-27

34-28

4-76

60-96

33-00

4-63

62-37
1

Attempts were made, both in the West Indies and Sicily, to convert the_ lime and

lemon-juice into citrate of lime, but they seem to have failed through the difficulty of

drjdng the citrate for shipment.

Citric acid in somewhat crude crystals is employed with much advantage in

calico-printing ; for many of the finer colours it cannot be replaced by any other.

If adulterated with tartaric acid, the fraud may be detected by adding potash to

the solution of the acid, which will cause a precipitate of cream of tartar.

The manufacture of citric acid so closely resembles that of tartaric acid, that the

makers of one commonly fabricate the other. The raw material in this case is pretty

generally a black fluid, like thin treacle, which comes from Sicily, and is obtained by

inspissating the expressed juice of the lemon,—the rind having previously been

removed from the lemon for the sake of its essential oil. This black jmce is impure

citric acid, and requires to be treated with chalk, as practised with respect to the hrst

operation on tartar
;
by which means an insoluble citrate of lime is formed ;

and this

after being weU washed with cold water, is decomposed by sulphuric acid and the

solution, after undergoing the ax:tion of animal charcoal and proper evaporation yiel^

brownish crystals on cooUng. These are re-dissolved, deco oured, and CYstemsed

three or fo4 times ere they can be sent nto the ™^^^et ^or
f
toe acid m^^^^^

tenacious of colouring matter than most of the other vegetable acids,
f
^^i^^

^"J
in the South of France, a portion of chloride of lime is digested upon the "trate of

ime to bleach it prior to decomposition by sidphuric acid. For this purpose, the

SiuSte is exposed in shalJw vessels to the action of the
-^VnTes'Tnd itt

a weak solution of chloride of lime.
.
In a few tour%decolouration en^^^^^^^^

moreover stated that the mucilage which hangs about the citrate of lime and im^des

the subsequent crystallisation of the acid, is in this way destroyed, t^ie nu^^

of re-crystallisations requisite to give a saleable aspect to the citric acid thereby dimi-

"Scording to Ferret's process, the lo-on-juice is clarified mth excess o^^^^^

and the salt thus obtained\nfter having been washed with ^°
f
;;^^er^^i?^^^^

insoluble, is dissolved in hot lemon-juice. _
The solution on evaporation, yiems

bibasic citrate of magnesia in a form convement for exportaUori.

The use of a vacuum-pan for the final evaporation of a solution ot citric acia

boon introduced by Mr. E. A. Pontifex.
. , parths and metals

CITRATES. Combinations of citric acid with alkalis, eartUs ana metais

forming salts. Soo Watts's ' Dictiouary of Chemistry.



CLAY 8(37

CZTROltr. {Citradier,^v. - Cedrato, Ital.) The fruit of the Citrus medica, be-
longing to the family of dicotyledonous plants, the Aurantiaccce or Uesperidece The
rind of this fruit candied is well known as a delicate sweetmeat. The tree producine:
the citron is the most beautiful of the genus. A curious variety of the citron is
cultivated in China, and called the fingered citron, from its lobes all separating into
fingers in difierent shapes and sizes. The fruits of several other genera beloneine
to the family are greatly esteemed in the countries which produce them. See Hes-
PBBIDEJE.

CXTRON'EI.I.E Oil. An oil from tlie Lemon-grass {Andropogon citraium)CITRUS. A genus of the family Aurantiacecs, producing the orange, the lemon

CiTHUs AtTKANTiUM. The commoH or sweet orange.
CiTBUs Bergamia. The Bergamot orange.
CiTKUs BiGAEADEA. The bitter OP Seville orange, or bigarade.
Citrus Dectjmaka. The shaddock. See Shaddock.
Citrus Limetta. The lime. See Lime.
Citrus Limonium. The lemon. See Lemon.
Citrus Medica. The citron.

n.?'^**'; ^""-l
^'^-^ '^'^^ Of this substance is pecuHar

rt« frZ? <'t r oi r-'^
.P^^-^^^tent than musk. It forpis the base ofthe famous 'Jockey Club' perfume. It is the product of two small quadrupeds ofthe genus Viv^a

( V. zibetha^ncl F. civetta), of which the one inhabits AfriS and theother Asia. They are reared with tenderness, especially in Abyssink The civetIS contained in a sac situated between the anus and the parts^ of generationTneither sex The animal frees itself from an excess of this secretion W a cont.a^^^^^^movement which it exercises upon the sac, when the civet issues in a vLmTcuhrform and is carefully coUected. The negroes are accustomed to LcreaTe thesecretion by irritating the_ animal ; and likewise introduce a Uttle biitter or ratWgrease, by the natural sht in the bag, which mixes with the odoriferoufsubLt^nce andincreases its weight. It is employed only in perfumerv
"^""'"^^^^^ substance, and

According to M.Boutron-Chalard, it contains a volatile oil, to which it owes its
e^fc^^etiform matter, and iTcus ItTffords

Xt2l^\iZ.^i^:^rLT- - -^-te 'and sulpSte 5
CI.ACX. The valve of a pump. See Pump

siS'Tfalltfi'd^^^^^^^ ;^PPl-^ to certain hydrous

plastirdS^^^%S^ S^Sdlfb^hTn'dTnt:^^^^^^^ ^
exists however, in very differeu't degree^Tn tfil 5£ent eS ^'"'"''^

2 They concrete into a hard mast upon beingS «r,Z
the heat of ignition, a degree of hardZ7«n3 ' "P""^ exposure to

lision with hardened steel. In thlrsLte fW ^ive sparks by col-

when pulverised. Tolerably pure et^^
^vith water,Ven

readily so by the admixture aimlt'n/manSLs^^^^^^^^ " '""^ ^^^^^^^

ofL^rld^Skl"^^^^^ -^ture, shrink in the fire by virtue
diy state, and adhere sLngty toS ttng^^^^^

""'"^ ^^^°^^^°t ^^ter in their

CKlo^r •S.iiX:;^^^^^"^^ 7^en breathed upon ; the

Brongniart distributes Clays fnto
^ '°

(1.) Fire-clays (argiles a^yres. Fr
; Feuerfeste, Ger.).

(2.) Pusible {schmelzhare, Ger)
^ox.;.

(3.) Effervescing {hrau^nde, Ger.), from the presence of chalk
(4.) Ochrey (pcreuses, Pr.

; ochrigc, Ger )Ihe following are tlio chief varieties of clav usmllv y^r^^r,^- ^

1. Si^TE-CLAY. {ScUefcT-thon, GeiO. S cS-massive dull, or glimmering from admixture of m •tides Kn."" f^^^^^-y^^o^
;

approaching sometimes to earthy, fragments^SSr ;1orict.^^^^^^^^^
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broken
;

sp. gr. = 2 6 ; adheres to the tongue, and breaks down in water. Slate-clay

is ground and. reduced into a paste witli water for making fire-bricks ; for which pur-

pose it should be as free as possible from lime and iron.

2. FiBE-CL&Y. In this country the geological position of \hQ fire-clay, which is

largely employed in the manufacture of fire-bricks, glass-house pots, &c., is imme-
diately beneath the coal, each bed of whicli rests upon a stratum of greater or less

thickness of a clay possessing the peculiar qualities of fire-clay, and distinguished in

the miniug districts, from the position it occupies with, reference to the coal, by the

name of zm^er-clap. The Stourbridge clay is of this character. The following analysis

of Stourbridge clay was made by Mr. 0. Tookey in Dr. Percy's laboratory :

—

Silica

Alumina .

Potash
Lime . . .

Magnesia

.

Protoxide of iron

Phosphoric acid

Water
/combined .

water
i^i^ygroscopic

Organic matter

6510
22-22

018
014
0- 18
1-92
0-06

7-10

2- 18
0-58

99-66

3. Common Clay oh Loam.—This is an impure coarse pottery-clay, mixed with iron-

ochre, and occasionally with mica. It has many of the external characters of plastic

clay. ' It is soft to the touch, and forms, with water, a somewhat tenacious paste
;
but

is in general less compact, more friable than the plastic clays, which are more readily

diffusible in water. It does not possess the property of acquiring in water that coni-

mencement of translucency which the purer clays exhibit. Although soft to the touch,

the common clay wants unctuosity, properly so called. The best example of this

argiUaceous substance, is afforded in the London-clay formation, which consists chiefly

of bluish or blackish clay, mostly very tough. Those of its strata which effervesce

with acids partake of the nature of marl. This clay is fusible at a strong heat m
consequence of the iron and lime which it contains. It is employed in the manulacture

of bricks, tiles, and coarse pottery ware.
_

4 Potters' Clay, or Pipe-Clay.—This species is compact, soft, or even unctuous

to the touch, and polishes with the pressure of the finger it forms, with water, a.

tenacious, very ductile, and somewhat translucent paste. It is infusible in a porcelain

kiln, but assumes in it a degree of hardness. Werner called it ptpe-clar/. Good plastic

clay remaine white, or if grey before, becomes white in the porcelam-kiln. The clay

from Poole in Dorsetshire is a celebrated potters' clay, and the clay from the neigh-

bourhood of Newton Abbot in Devonshire is a weU-known pipe;clay The foUowmg

is an analysis of Poole clay, made in Dr. Percy's laboratory, by Mr. W. Weston :-

Silica

Alumina .

Potash
Lime
Magnesia.
Protoxide of iron

Water T combined

\_
hygroscopic

48-99

32-11

3-31

0-43

0-22

2-34

9-63

2-33

99-36

Pln^Hr Clav —The seological position of the 'Plastic clay,' of geologists, (the old

JlTlrt'%^^^£Zh.d.^ beds'), is beneath
^^^^^^^J^^^^ tjv^^

sand (Thanct sand) which covers the chalk-formation
^^^^f fJ %he lower

analysed by Vanquelin, gave-Silica, 43-5 ;
alumina, 33 2 ,

lime, 0 60, ,
,

"ThVciay is employed as a fire-clay for making the bungs or or coarse

earthenware cases, m which china-ware is fired.
Staffordshire potteries.

The plastic clay of Dorsetshire ^^liich supplies^the
'-^^f coloured, less

occurs near the base of the Bagshot beds (Middle Eocene).
I^^^^^^^^^^Xte in 41

unctuous than that of Dreux, and consequently more friable, it Decomes .vu
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pottery kiln, and is infusible at that heat. It causes no eEFervescence with nitric acid,

but falls down quickly in it, and becomes moro highly coloured. Its refractoriness

allows of a harder glaze being applied to the ware formed from it without risk of the

heat requisite for making the glaze flow affecting the biscuit either in shape or colour.

'Most of the plastic clays of France,' says M. Brongniart, 'employed for the same
ware, have the disadvantage of reddening a little in a somewhat strong heat ; and
hence it becomes necessary to coat them with a soft glaze, fusible by means of excess

of lead at a low heat, in order to preserve the white appearance of the biscuit. Such
a glaze has a dull aspect and cracks readily into innumerable fissures by alternations

of hot and cold water.' Hence one reason of the vast inferiority of the French
stoneware to the English. See DoESETSHraE Clay.

5. PoECEiAiN Clay or Kaolin Earth. (
Terre a porcelaine, Fr. ; Porzellanerde,

Ger.). Kaolin is the name given by the Chinese to the fine white clay with which they
fabricate the biscuit of their porcelains. This is the purest known form of clay, its

chemical composition being generally reducible to the formula AP0^.2SiO^ + 2H0
(Al-0^.2Si02 + ZH'O), corresponding to silica, 46'3

; alumina, 39'8; water, 13-9 per
cent. Ordinary massive kaolin, examined under the microscope, always exhibits certain
six-sided scales characteristic of the mineral species called Kaolinite. Kaolin and
some allied substances are included by Messrs. Johnson and Blake under this species.

The term Kaolin appears to have been derived from the name of a mountain
Kao-ling (Lofty ridge), from wliieh this argillaceous earth was extracted. The
kaolins possess very characteristic properties. They are friable in the hand, meagre
to the touch, and difficultly form a paste with water. When freed from the coarse and
evidently foreign particles interspersed through them, they are absolutely infusible in
the porcelain Mln, and retain their white colour unaltered. They harden with heat
like other clays, and perhaps in a greater degree ; but they do not acquire an equal
condensation or solidity, at least when they are perfectly pure. Most of the kaolin-
clays contain some spangles of mica, which betray their origin from granite.

This origin may be regarded as one of their most distinctive features. Almost all
the porcelain clays are evidently derived from the felspars contained in granite,
principally in those rocks of felspar and quartz called ' graphic granite.' Hence they
are to be found only in primitive mountain districts, among banks or blocks of granite,
forming seams often of very considerable thickness. In the same bed quartz and
mica occur, while some portions of the kaolin retain the external form of felspar.
The most valuable kaolins have been found

—

In China and Japan. The specimens imported from these countries appear pretty
white

;
but are more unctuous to the touch, and more micaceous than the porcelain

clays of France.
In Saxony. The kaolin employed in the porcelain manufactories of that country

has a slight yellow or flesh colour, which disappears in the kiln, proving, as WaUerius
observed, that this tint is not owing to any metallic matter.
In France, at Saint-Yrieix-la-Perche, about 10 leagues from Limoges. The kaolin

occurs there in a bed, or perhaps a vein, in beds of granite, or rather of that felspathic
rock called Pe-tun-tse, which exists there abundantly. This kaoHn is generally white
but sometimes a little yellowish, with hardly any mica. It is mea^e to the touchand some beds include large grains of quartz, caUed pebbly by the China manu-
facturers. This variety, when ground, affords, without the addition of any fusible
ingredient, a very transparent porcelain. ,
Near Bayonne. A kaolin possessing the lamellated structure of felspar in many

places. The rock contaimng it is a graphic granite in every stage of decomposition.
in_ Jingland, in the counties of Devonshire and Cornwall. The kaoUn or China-day IS very whitfl, and more unctuous to the touch than those upon the continent ofEurope mentioned above. Like them it is supposed to result from the decomposition of

the telspars entenng into the composition of granite.
Nature has up to a certain^ point, provided the article which man requires for the

elaboration of the most perfect production of the potters' art. The clay-China
clay as It is commonly called, or kaclin, as the Chinese have it-is quarried fromamidst the granitic masses of Dartmoor and of Cornwall. Wo are not at aU satisfiedwith any of the theories which have been put forward to account for the formation ofporcelain clay. It is commonly stated to be a decomposed graiJite; this rock as is

of mica, quartz, and felspar, with sometimes schorl and'horn-blende. The felspar is supposed to have decomposed
; and, as this forms the largestportion of the mass, the granite is disintegrated by this process. We have thereforethe mica quartz, and the clay, forming together a soft mass, lying but a short Stenco below the suri-ace, but extending to a considerable depth. It is quite e,dden;ttiat th,s stratum ,s mt deposited

; had it been so, the particles const tutlnrthe i^would have arranged themselves in obedience to the £w of gravity, towards which



810 CLAY
there is Hot tho slightest attempt. But wo do not know by what process the decom-
position of tho solid granite could have been effected to a depth from tho surface
of upwards of ono liunch-od feet, and then, as it often does, suddenly to cease. This,
however, is a question into which we cannot at present enter. The largest quantity
of porcelain or China-clay is manufactured in Cornwall, especially about St. Austell
and St. Stephen's.

A spot being discovered where tliis substance abounds, the operation is commenced
by removing tho vegetiible soil and substratum, called by tho workmen tho overburden,
which varies in depth from about tlireo to ten feet. Tho lowest part of tho ground is
thus selected, in order to secure an outlet for the water used in washing the clay.
The overburden being removed, the clay is dug up in slopes : that is, in successive
layers or courses, and eacli one being excavated to a greater extent than the one
immediately below it, tho stcpes resemble a flight of irregular stairs. Tho depth of
the China-clai/ pits is various, extending from twenty feet to fifty feet.

Tho clay Avhen first raised has the appearance and consistence uf mortar ; it contains
numerous grains of quartz, which are disseminated throughout in the same manner
as in granite. In some parts the clay is stained of a rusty colour, from the presence
of veins and imbedded portions of shorl and quartz ; these are called by the workmen
weed, caple, and shell, which are carefully separated. The clay is next conveyed to

the floor of tho washing place, and is then ready for the first operation of the process.

A heap of the clay being placed on an inclined platform, on which a little stream of
water falls from the height of about six feet, the workman constantly moves it and
turns it over with a Jpiggle and shovel, by wliich moans the whole is gradually
carried down into an oblong trench beneath, which is also inclined, and which ends
in a covered channel that leads to the catch-pits about to be described. In the trench
the grains of quartz are deposited, but the other parts of the clay, in consequence of

their greater levity, are carried away in a state of suspension.

This water is conducted into a series of pits, each of which is about eight feet long,

four in breadth and in depth, and is lined on the sides and bottom with cut moorstone,

laid in a waterproof cement. In these pits the porcelain earth is gradually deposited.

In the first pit the grosser particles collect ; and being of a mixed nature, are always

rejected at the end of each day's work by an opening provided for that purpose at the

bottom of the pit. When the water has filled the first pit, it overflows into the

second, and in like manner into the third ; and in these pits, particularly in the second,

a deposit also takes place, which is often preserved, and is called by the workmen
mica. The water, still holding in suspension the finer and purer particles of porcelain

clay, next overflows into larger pits, called ponds, which are of the same depth as the

first pits, but about three times as long and wide. Here the clay is gradually

deposited, and the clear supernatant water is from time to time discharged by plug-

holes on one side of the pond. This process is continued until, by successive accumu-

lations, the ponds are filled. At this stage the clay is in the state of a thick paste,

and to complete the process, it remains to be consoUdated by drying. Formerly, the

clay was dried by exposure to atmospheric influences only ; but the demand for clay

has been so large, that artificial heat is now applied to the brick tanks, bo as to

quicken the evaporation of the water. When sufficiently dry, the clay is cut into

oblong cakes, and is ready for the market.

The following remarks on the clays and plastic strata of Great Britain are from

the pen of Mr. George Maw, who has brought to bear upon the subject much geological

and chemical knowledge, coupled with great experience as a practical potter.'

' Plastic strata may be defined as beds of mechanical origin, containing alumina as

an essential constituent, which have undergone little or no consolidation, or been

subject to metamorphic action.

' Although common to various geological formations from the palaeozoic to the most

recent deposits, a very large proportion of plastic strata applicable to ceramic manu-

factures occurs in the recent and tertiary beds.
, j -

' Plastic strata diminish in frequency as the older deposits are approached :
m the

earlier palaeozoic formations, the beds which were at the time of decomposition soft

clays and marls, occur for the most part as shales and slates, or have undergone

further metamorphism into hard porcelainites and other altered rocks unavailable for

the potters' use. Indeed, the very changes which the potter effects by artificial heat

haveT as regards the earlier rocks, been anticipated in the laboratory of nature,

pressure in combination with heat having altered their original soft and plastic condi-

tion, chanring them into the hardest rocks.
_ ,• i

. 'it must not, however, bo supposed that all clays of economic applicability occui-

m

a soft and plastic state, as every gradation exists between liard metamorphic rocks

' Those remarks are taken, with slight alterations, from Mr. Maw's Appendix to the ' Catalogue of

British Pottery in the Museum of Practical Geology.' 2nd edition, 1871.
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and the softest clays, and many of the most valuable clays occur in a semi-indurated

condition, are mined by the process of blasting, and brought to the surface in hard

rock-like masses. These, by exposure to atmospheric changes and alternations of

wet and drought, frost and thaw, are speedily, by the process known as vjeathering,

disintegrated and reduced to the plastic condition.

' The state of mechanical subdivision is of no little importance in the applicability of

clays to the various purposes of ceramic manufacture. Every gradation exists between
an almost impalpable condition and a mixture of coarse and fine matter, the coarse

residue of which sometimes forms as much as 10 or 20 per cent, of the entire weight.
' Bearing in mind that most clay-strata result from the mechanical disintegration

of older rocks, it will be easily understood that their state of subdivision has been
dependent for the most part on the transporting and sorting agencies of water,
carrying away and separating the finer particles held longer in suspension than the
coarse matter.

' The origin of some of the finer white clays must, however, be attributed to the
chemical dissolution of calcareous rocks by the agency of carbonated water, the in-

soluble silica, alumina, magnesia, &c., associated with carbonate of lime in chalk and
limestone in the finest state of subdivision, being left behind as an impalpable
residuum. The writer, in a paper on ' The sources of the materials composing the
white clays of the Lower Tertiaries,' published in the 'Quarterly Journal of the
Geological Society' (vol. xxiii. p. 387), suggested such a derivation from the chalk, of
the smooth clays of Bovey Tracey and Newton Abbot, and of similar clays from the
Lower Bagshot beds of Wareham, and it seems scarcely open to question that the
white clays resting on the carboniferous limestone of North Wales, Derbyshire, and
Tipperary, are the remnants of the subaerial dissolution of the limestone.''
The chemical composition of plastic stratavaries as much as their mechanical condition.

They may be generally described as an association of silicate of alumina, aliunina,
free silica, and magnesia, with more or less water of combination. Clays and marls
scarcely ever occur entirely free from iron, to which their colour is mainly due ; it
exists in various states of combination, further referred to below. Carbonaceous
matter, especially in the tertiary and carboniferous clays, is frequently associated in a
fine state of subdivision, and the alkalis are generally present in variable proportions
both as silicates and carbonates.

Contraction in Burning.—Hhis character is of so much importance in all branches of
ceramic manufacture that it may be of interest to notice one or two features that the
experiments exhibit.

The amount of contraction in biuming, due partly to the loss of water of combination
and of the carbomc acid in the carbonates, when present, and to the ignition of any
carbonaceous matter contained in the clays, but more especially to the drawing to-
gether of the particles in the production of vitreous silicates, is very variable, and
depends both on the chemical and mechanical composition of the clays. The presence
of the alkaHs and iron tends to complete vitrification, which is always accompanied
by a great amount of contraction, and the production of a glass-like body with a bright
conchoidal fracture. On the other hand, in clays containing much free silica or even
silicate of alumina without the accompaniment of the fluxing alkaUs, a small amount
Qt contraction takes place and an open porous ' body' is the result.

The amount of contraction is not less due to the state of mechanical subdivision of
the constituent particles. Clays in a coarse state of subdivision and containing a
arge_ proportion of gritty matter, especially of silicious sand, invariably contract
less in burning than those of smooth and fine texture, in which the constituents
are in an impalpable state of subdivision; this will be at once seen by a comparison
of the amount of contraction of slabs composed of the coarse clay in its natural
state with those moulded from the clays from which the coarse particles have beenremoved; and Je larger the proportion of coarse matter in the native clay the
greater is the difference between the amount of contraction of the clay in its naturaland refined states. The average contraction observed in a considerable number (122)of burnt slabs composed of the native unrefined clay amounted to 6-01 per cent., and
of the burnt slabs of refined clay to 7-53 per cent, of the original moulded size. This
appears due to two causes

:
first, that a mixture of large and small particles is, tobegin with, actually raoro dense than a mass of particles of equal size,4nd therefore

admits of less contraction in the dra^ving together of the particles in vitrification • and
secondly, that the coarser subdivision and less intimate contact seem to hinder therecombination of the constituents as vitreous silicates in the process of burning.

• See papers on this subject by the writer nt pp. 241 and 299 vol iv nf fiio <a„«i™ n,r . .
" IlluHtrated by the fact that a busnel of s'hot weighs tho same as a bushdKcceeded in weight by a bushel of mixed shot and bullets, thr^ril shot filiiSi fh^between without displacing the larger spheres.

mo smau shot filUng the vocancies
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Fow clays produce a perfectly vitreous and unabsorbont body. Some burnt slabs
approacli to a glassy toxturo, while others are so highly silicious and coarse in grain
as to bo held together by a very slight cohesion. These are in the burnt state
open and spongy, and have undergone but little contraction in the kiln. Such clays,
as for example those from the North Worcestershire coalfield, of which the celebrated
Stourbridge firo-bricks are made, are from their refractory character eminently auitable
for the manufacture.

The great majority of clays are intermediate in character between these two
extromos, and after the process of burning, form a compact but slightly porous body,
subject to a moderate amount of contraction, and are available for general pottery
purposes.

The Colouring Matter of Clays.—No native clay is entirely free from the presence
of iron which occiu-s in aluminous earths in various proportions and states of combina-
tion. Those most free from iron are the white lower tertiary clays of Devon and
Dorset, largely exported from Teignmouth and Poole for the manufacture of white
earthenware ; for this purpose the absence of iron is a matter of great importance, as
it imparts to the ware a yellowish tint, to obviate which it is found necessary to cloak
and neutralise the natural cream colour of the burnt clay by the admixture of very
small proportions of cobalt blue.

Iron in the white and grey tertiary clays occurs principally in the form of grey
carbonate of protoxide, generally in association with finely-divided carbonaceous
matter, in proportions varying from a mere trace up to 4 or 5 per cent.

Iron, which is so prejudicial in clays employed for white pottery, is an essential

colouring matter in those used in the manufacture of terra cotta, encaustic tiles, bricks,

and all common pottery.

These may be considered separately as (a) Grey clays. (6) Yellow clays, (c) Eed
clays.

{a) Grey clays, so largely developed as ' clunches ' and fire-clays in the carbona-
ceous beds of the coal-measures, owe their colour, in addition to the presence
of carbonaceous matter, to carbonate of protoxide of iron in a fine state of

subdivision, and occasionally to the presence of finely-divided pyrites, or

bisulphide of iron, which also occurs in the London clay, gault, &c.
A pale grey clay, almost white, from the base of the Ashdown Sands

(Wealden), near Hastings, contains a much larger proportion of iron

than its colour would seem to indicate, from its occurring in the form of

the comparatively colourless basic sulphate, of which there is 1'68 per cent,

present.

(6) Yellow clays are coloured by hydrous sesquioxide of iron, and generally occur

as surface deposits, or where red and gray clays have been subject to

weathering, as on exposed surfaces or along lines of Jointing. They
occasionally occur interstratified with red and grey beds, but appear more
generally to be the result of a kind of rusting process. Grey carbonate of

iron on exposure to watery infiltrations, accompanied by atmospheric oxida-

tion, becomes converted into the yellow hydrous sesquioxide ; and bisulphide

of iron, which readily decomposes under similar circumstances, bgcomos con-

verted partly into sulphate of protoxide, and partly into hydrous sesquioxide,

to the presence of which the yellow joint-surfaces of the London clay and

gault are due.

Yellow clays have also been derived from red beds by the red anhydrous

sesquioxide and the lower hydrates receiving water of combination,

(c) Eed clays and marls, e.g. those of the Keuper, Old Red beds, permian, coal-

measures, the middle wealden, the Neocomian strata of France, the plastic

clay of the London and Paris basins, and other tertiary strata, derive their

colour from the presence of anhydrous sesquioxide and the lower hydrous

oxides of iron which occur in variable proportions, and are generally asso-

ciated with small quantities of iron in other states of combination, the

coloxir of which the red oxide obscures. Red haematite inay be cited as a

familiar example of almost pure anhydrous sesquioxide of iron, which, when

finely divided, has a strong colouring power. The red Keuper marls

receive their colour from about 3 per cent, of this anhydrous sesquioxide,

whilst the red clays of the argile plastique of Paris, and of the Neocomian

beds of Beauvais, used in the manufacture of the celebrated Beauvais

pottery, contain as much as 20 per cent., equivalent to 15 or 16 per

cent, of metallic iron. Nearly all such red clays are variegated by lighter

patches from which the oxide of iron has been abstracted; partly by a

sogregational process, drawing together the iron into ferruginous nodules of

hydrous sesquioxide, and also from its dissolution by the acids of organic
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decomposition derived from imbedded organic remains. Details of the

analysis of red and other clays will be found in a paper by the writer ' On
the Disposition of Iron in Variegated Strata,' Quarterly Journal of the Geo-

logical Society, vol. xxix, p. 351.

The Colouring ofBurnt Clays,—The colour of burnt ferruginous clays is entirely

due to the amount of iron present, irrespective of its previous state of combination,

but subject to certain conditions in the general composition of the clay. The action

of the kiln, with some exceptions referred to below, is uniform on nearly every state

of combination in which the iron occurs ; viz., to reduce it to anhydrous sesquioxide

associated as silicates in a more or less intimate state of combination with the other

silicates developed in the process of burning.

Yellow clays coloured with hydrous sesquioxide {e.g. yellow ochre), and red

clays coloured with anhydrous' sesqiiioxide, and the lower hydrates merely lose their

water of combination and become bright brick' reds (e.<7. red ochre and Venetian red).

Grey clays containing finely-divided pyrites or bisulphide of iron are also converted

by the kiln into bright reds, the siilphur being driven ' off, leaving the terra cotta

charged with the red anhydrous sesquioxide.

In clays charged with grey carbonates of iron the following reaction takes place :

The carbonic acid (GO^) is db:iveu off as carbonic oxide (CO), part of its oxygen per-
oxidising the iron.

Grey clays containing less than 1 or 1 ^ per cent, of iron change in the kiln to

various shades of cream colour and buff, whilst those containing from 2 to 10 or 12
per cent, range in colour from yellowish fawn to dark reds ; from 3 to 4 per cent, of
iron produces in the kiln the bright red bodies used in the manufacture of red terra
cotta, encaustic tiles, red building bricks, &c.

,
There seems to be no essential diffe-

rence (with the exception noticed below) in the colouring matter of the clays that
burn buff and those that burn red in the kiln, the depth of colour depending merely
on the amount of iron present, the buff shades regularly graduating into, the deeper
shades of red.

The brightest shades of red and buff are, however, produced with but a partial vitrifi-

cation of the body. At a heat sufl&cienf to insure its complete vitrification a further
change of colour takes place. The bright buff shades are changed to neutral greys,
and the reds to a slaty-greyish-blaek, which probably results from a partial reduction
of the metallic colouring matter and its more intimate Combibation with the other
vitreous silicates produced at the higher temperature. In clays' containing a large
proportion of carbonaceous matter the complete peroxidation and consequent colouring
power of the iron seems to be arrested. In a black carbonaceous clay from Bovey
Tracey, containing 13 per cent, of organic matter, the combustion of the carbon in con-
tact with the ferruginous oxides seems wholly or partially to have reduced them to a
metallic state, or lower oxide having less colouring power than the sesquioxide, and
a remarkable bleaching of the burnt clay has been the result. The presence of the
alkaline earths in ferruginous clays, especially of lime and magnesia, has also a singular
bleaching power in the kiln, arresting the development of the bright red colour. A
Permian marl, containing 6 per cent, of sesquioxide of iron and 35 per cent, of carbon-
ate of hme, burned of a greyish buff instead of the rich red such a proportion of iron
would otherwise have produced. From some experiments made by the writer, it has
been ascertained that as smair a proportion as 5 per cent, "of caustic magnesia; mixed
with a red clay entirely destroys its red colour in the kiln, probably from the produc-
tion of a pale-coloured double silicate of iron and the alkaline earth. A familiar
exainple of this reaction occurs in the process of manufacturing yellow bricks in the
neighbourhood of London, the colour of which is dependent on the admixture of
ground chalk with brick earth, the brick earth by itself burning of a red colour.'
The composition of ordinary clay will ba seen from the following analyses, by Mr.

I. Jl. Henry:

—

1. Fire-clay (Stourbridge, Brierly
Silica ....
Alumina
Protoxide of iron .

Magnesia
Water and organic matter

Hill)

;

61-80

30-40

4-14

•50

13-11

99-95
With trace of soda.

No^'m^hVff''"'^^'''^"'''''^^™™^'''^^^
^' ofc^er two good;
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I H HI
^: • • . . 60-36 66-90 6480

.
• • . 23-50 24-90 27-60

lootiron
. . . 10-40 2-83 2-66

"<^«ia .... 1-45 1-07 i-oo
^-

• • . . 1-65 3-00 200
;er and organic matter . 11-16 11-60 1180

99-10 100-30 99-76
making good red bricks :

—

Silica, 60-40
Alumina and oxide of iron 24 00
Carbonate of lime 2-70

„ magnesia 1-30
Water, &c. . . 21 60

10000

4. Clay inferior, on account of excess of carbonate of lime ; eflFervesced strongly with
acids :

—

Silica
. 33-06

Oxide of iron and alumina 1 1 -20

Carbonate of lime . 39-80

„ magnesia 6-00

Water, &c 10 00

100-06

6. Black shale from coal-measures, Dudley :

—

Silica 48-75
Alumina 17-95

Oxide of iron . . . 15-70

Lime 2-32

Magnesia 1-50

Water, &c 13-35

99-57

The production of the finer kinds of clay -was as follows, in the years given :

—

Production in 1865
Do. 1866

Do. 1867

Do. 1868

Production in 1865
Do. 1866
Do. 1867
Do. 1868

C0BN"WAL1.

Kaolin, commonly called China Clay.

Tons

97,750
105,000

127,000
100,000

Production in 1869

Do. 1870
Do. 1871

Do. 1872

China Stone,

Tons

25,500
35,000

33,600

29,000

Production in 1869

Do. 1870
Do. 1871

Do. 1872

Tons

105,700

110,520

125,000

Tons

28,500
32,500

33,000

Shipments in 1872 of China Clay and China Stone.

Shipped at

Padstow, from
j S^^^""

Charlestown
Pentuan .

Par
Fowey
New Quay

Tons
200

3,345

36,033

20,671

62,407

19,770

6,965

Sent on by Kailway

Shipped at

Truro
Falmouth

.

Porthleven

Plymouth J From
Sutton Harbour

J.

Devon and

Laira . .J Cornwall

Penzance ,

Tons

954

Tons
2,000

29,587

575
13,701

3,587
20,106

250
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Shipped for Wales,

Do.
Do.

Do.

Do.

Do.

Do.
Do.

Do.

St, Affiles Clay.

1865
1866
1867
1868
1869
1870

1871, year

1872
1873

ending March 31st

Tons
1,566

1,524

1,316

979
875
946

774
1,201

1,657

Tons
400
375

Candle Clay used in the Miiies 1871, year ending Sept. 30
)» ,» 1872 „ „

Devokshieb.

China Clay.

Lee Moor and other Chinia, Clay Works, on Dartmoor, 1872 . , . . 26,982
Pipe and Potters' Clay shipped at Teignmouth, the production of Newton and

Neighbourhood 52 141

Total of Devonshire 79,123

Of Potters' Material there were imported into the Potteries by Trent and")
Mersey Navigation, (Clay, &c.) . . . , . .

) 143,995

And by North Staflfordshire Eailway, (Clay, &c.) . . . . . 12,479

CX.AY IRON- STOXE. See Ikon Oees.
CIiAVITE. A variety of Galena. See Lead.
CIiAV-SXiATE. Argillaceous Schist. See Siatb.
CILAYSTOXTE. An earthy felspathic rock, occurring in veins and in mountain

masses. It becomes porphyritic by the intermixture of felspar crystals, and is thenknown as Claystone porphyry.
CXEAT. It is well known that most coals have a tendency to split not onlv

along the plane of bedding, but also along two sets of divisional planes, nearly atrieht
angles to the bedding and to one another. The coal may thus be split into roueh
cuboidal fragments. One of these two sets of vertical planes is much more marked
than the other, and the smooth clean surface of the coal coinciding with this well
defined set of joints is known as the cleat, face, or slyne; whilst the other vertical
surface IS called the end ov back of the coal. The direction of the cleat is often

Z^ngsT.^lme^y^"^
'"^'^ ^^^^^^^^^ l^^^^g the

CIEAVAGB. The tendency of a crystal, or crystalUne substance, to split morereadily m certain directions than in others. The property was originaUy observS incalc-spar (carbonate of lime), a mineral which crystallises in I grekt varilty ofexternal forms, but may always be readily cleaved along the planes of a definiterhombohedron. The natural cleavage of a mineral is frequently taken advantege ofby the lapidary, in cutting hard stones
; thus, a crystal of diamond, thoughSSjy

SSdron.'
''''' ^'"^ '^'^ ^ '''' '^'^^''^ P^""^^'^ ^ ^^^^^ of a reguS

By geologists the term cleavage is used in a different sense. Certain rocks such asslate, exhibit a tendency to split into very thin paraUel plates, and the directLn ofthis cleavage is often constant throughout great masses of rock This sla tvTwo^
is not to be confounded with the ' laminatio^' of a rock, or the faSyS Ifch 1divides into paral el lanunse along the planes of stratification. The cleavage thoLl.
It may accidentally coincide with the bedding, usually cuts acrossTat ^arToSangles and is evidently a structure superinduced in the rock after its oriSnaldeposition. Physical researches on this subject have shown that slaty cleavage maybe developed by ateral compression, the direction of the planes of cleava^ iSL^tTnght angles to the direction in which the pressiu^e has been appied S <3f

^

tl;tT ^^"^'^"^ -SabngTts^tn^S

wS"l" ^ ^''^ manufactured at Clichy in France. See
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CXiOTH MAiarvrACTXmE AVTB BRESSnarc. Soo Woollek and Wool.
CXOVST CHAXiCEDOirT. Chalcedony displaying cloudy spote in a pale

grey, somi-transparonb base.

CliOVER. Fodder plants Lolonging to the genus TrifoUum. The common red

clover is TrifoUum pratense. The white or Dutch clover T. repens. The Bhamrock
is generally considered as a species of Trefoil.

CXtOVE, The. {Clou, Fr.
;

Clavo, Span.) The clove tree, Caro'phyllua aromaticus,

is a small tree, from fifteen to thirty feet high, a native of the Moluccas. The flowers

are odorous, and the bai^k, fruit, leaves, and roots are all more or less aromatic.

The flower buds are the cloves of commerce ; when prepared they have the appear-

ance of a nail, hence their name from clavo, a nail. The buds as soon as they are

gathered are dried in smoke over a fire, in the sun, or in a kiln. They are exported

in small boxes.

The clove trade was at one time the monopoly of the Dutch. The clove tree is,

liowever, now cultivated both in the East and West Indies, but the finest are still

brought from Amboyna in the Moluccas.

CXiOVE OXIi. Eugenic acid, OT Carophyllic acid. C^oH'^'O* (COH"©').—When
cloves are distilled with water, a large quantity of oil passes over. It has been

examined by Dumas, Ettling, Bockmann, Stenhouse, Calvi, and, more recently, by

Greville Williams. Treated with solution of potash, 'the greater portion dissolves,

leaving a small quantity of a hydrocarbon isomeric with oil of turpentine. See

Carbtjretted Hydkogen. The potash solution, on being supersaturated with a

mineral acid, allows the eugenic acid to rise to the surface in the form of an oil.

When freshly distilled it is colourless, and boils at 438° S. Its density at 57°"2 F. is

1-0684. On analysis it gave :

—

Carbon
Hydrogen .

Oxygen .

100-0 100-0. 100-00

Greville Wilhams Calculation

. 73-1 73-1 . . C'" 120 73-17

. 7-7 7-6 . . 12 7-32

. 19-2 19-3 . . 0« 32 19-61

The density of its vapour was found to be 5-86; theory requires 5-67. The

above results were confirmed by a determination of the percentage of baryta in the

eugenate.—C. G. W.
• <, i , . >

CIiOVES. The new bulbs produced from the subterranean axis of the hyaanth,

lily, onion, and the like.

CIiUTHAHTE. A mineral which occurs in the amygdaloid rocks of Kilpatrick

Hills. It is found in flesh-red vitreous crystals, and consists of silica, alumina, iron,

and soda. It takes its name from Clutha, the name sometimes given to the valley of

the Clyde.
. ^ , . . , - , ,

,

COAXi. {Houille, Fr. ; Stdnkohle, Ger.) Coal is a mineral of vegetable origin.

There is abundant evidence to prove this, but there still exists considerable uncer-

tainty as to the mode of conversion and as to the conditions under which our coal-

beds were formed. This is not the place for the discussion of these questions
;
but it

appears necessary that the hypotheses of the best authorities on the subject should be

^"'^The^occurrence of vegetable remains in all kinds of coal is such convincing

evidence of its formation from vegetable substances, that all further proof is super-

fluous.'— Gustav Bi^chof. . , j . j i

' There are few varieties of coal in which their vegetable ongin can be detected by

anatomical examination.'

—

Goppert.
_ ^ , ^ ^-l ^ \,

' It appears from the researches of Liebig, and other eminent chemists, that when

wood and vegetable matter are buried in the earth, exposed to moisture, and partially

or entirely excluded from the air, they decompose slowly, and evolve carbomc acid

gas, thus parting with a portion of their original oxygen. By this means they

become gradually converted into lignite or wood-coal, which contains a larger portion

of hydrogen than wood does. A continuation of decomposition changes this ligmto

int7coSnon or bituminous coal, chiefly by the discharge oMted hyfogen

or the eas by which we illuminate our streets and houses, According to Jiiscboi,

Seinflfmmab'le gases which are always escaping ™LT acif ra^b^r^^^
the cause of fatal accidents in mines, always contain carbonic acia, carburetted

hydrSen nitrogen, and olefiant gas. The disengagement ,of all these gradua ly trans-

foCSinarJ^or bituminous cofl into anthracite, to which the names of sphnt coal,

glance coal, hard coal, culm, and many others have been given. —lyi/eii.
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'These drifts of plants now forming streaks of coally matter in tlio sandstones or

shales including tliem, aro sufficient to show tliat though numerous coal-beds may bo

the result of tlio growth of a peculiar vegetation in places, the roots of which required

and penetrated a suitable soil beneath, it might so happen that extensive and deep

accimiulations of drifted plants may wholly form coal-beds imdor favourable circum-

stances.'

—

De la Bcche.

True coal is so altered from its original vegetable condition as to have left scarcely

any trace of its history. It is generally, however, associated with sands and

clays, exhibiting numerous fragments of the ancient vegetation that obtained at the

time of its formation ; but these fragments are so far removed in every respect from

the existing form of vegetation as to afford little clue to the condition of the Earth

in tliis respect. In coal all trace of true woody fibre has disappeared ; the water

originally present, and so injurious in the less altered forms of vegetable fuel, is en-

tirely absent, or if present at aU, is so rather mechanically than chemically, while the

water originally in the plant appears to have undergone decomposition, the hydrogen

uniting with some part of the carbon, to form carburetted hydrogen gas, often exist-

ing in the cells, and between the plates of the coal under considerable pressure, and
the oxygen being almost entirely removed. The former vegetable has now become a

mineral substance, and lies in vast beds of variable thickness, and overlaying each

other to the extent sometimes of more than a hundred in a single district ; such beds

being regularly interstratified with deposits of sand and clay, and occupying a distinct

geological position, being, with only a few exceptions, confined to rocks belonging to

the newer part of the Palaeozoic series.

The changes undergone by vegetable matter when buried in the earth, and accumu-
lated in large quantities, and the length of time needed to produce any marked altera-

tion, are subjects rather more interesting, it may seem, to the chemist than to the

practical man, who looks only for fuel that he may employ economically. But in-

asmuch as the real condition of coal varies considerably, it is desirable that the whole
history of coal and lignite beds should be generally understood by any one using these
substances.

Vegetable matter consists of carbon in combination with oxygen and hydrogen,
as its principal constituents

; nitrogen forming but a small, although an important,
part in its economy. A large quantity of water is also present ; and so long as the
vegetable lives, there is a constant change and circulation of material particles kept
up, replacing and renewing the different portions. When death takes place, there is

a tendency to decomposition, or the separation of the whole into minute atoms having
no further relation to each other. But this is frequently checked by various condi-
tions, such as the presence of some substances derived from plants themselves, or the
absence of sufficient oxygen gas to allow the change to take place by combining with
the carbon to form carbonic acid gas, the first step in the process of destruction.
These causes act constantly but partially, and thus a large quantity of vegetable
matter is always in the course of decomposition, while in particular spots a large
quantity is constantly being accumulated. The latter condition is seen in our climate
in the gradual but steady increase of peat bogs.

That coal is derived from the vegetable kingdom no longer admits of a doubt, but
the class of plants to which more especially we are to look for the origin of coal, is still
a matter of much uncertainty. The idea generally entertained is that which supposes
a natural basin in which vegetable matter is deposited, the layers varying in thickness,
becoming covered with mud or sand.
Some microscopic observers assure us that they are enabled to detect ligneous

structure in bituminous coal. Mr. Quekett has given a great number of drawings in
proof of this, and he refers the coal to the woody matter of an extinct class of the
Conifera. Botanists of eminence, however, assure us that there is no evidence of ligne-
ous structure in any of the examples brought forward in proof of that hypothesis.
Others maintain that such structure, though observable in the charcoal-like layers
called ' mother of coal,' cannot be detected in the bituminous parts, and that by far
the greater portion of the coal is composed of the onacrospores and microspores of
Lepidodendra, and other lycopodiaceous plants. The spores of these, or of allied
plants, are found more or less abundantly in all true coal

; indeed, in some cases
they appear to make up the mass of the mineral, whilst in others they seem to have
been crushed together, thus forming the brown streaks commonly seen in microscopic
sections of coal.

^

Sir Charles LyoU, in his excellent
' Manual of Elementary Geology,' enters largely

and with his usual lucid manner, into the consideration of the carboniferous plants
There can be no doubt of the existence of the remarkable flora described by him durinc
the period when our beds of fossil fuel were forming. Eeferring to Sir "WilliamLogan as his authority, Sir Charles says, 'It was observed that while in the overlying
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shalos or " roof" of the coal, forns and trunks of trees abound, without any stiffmaria,
and are flattened and compressed, tliose singular plants of the underclay (<Ae stiymaria)
very often retain their natural forms of branching freely, sending out their slender
leaf-hko rootlets, formerly thought to bo leaves, through the mud in all directions.'
This plant is singularly indicative of the class of plants from which coal has been
derived.

M. Adolph Brongniart states that the number of species of carboniferous jAants
amoxmts to about 500. Lindloy informs us that no less tlian 250 ferns have been ob-
tained from the coal-strat<i. Forty species of fossil pknts of the coal period have been
referred to the Lepidodendrons. Those with Equisetacew, Calamitea, Asterophyllites,
Sigillaria, of which about thirty-five species are known with their roots, Stigriiarice,

and Conifcra make up the remarkable flora which have been preserved to us in our
coal series.

Trees and humbler plants in groat variety are found in the carboniferous sand-
stones and shalos, and in the coal itself ; but it does not appear that we have any one
evidence of the actuiil conversion of the woody fibre of these plants into coal ; that is,

there is no evidence of the direct conversion of wood into bituminous coal. The
trees are almost invariably silicified, or converted into columns of sandstone; the
carbon which constituted the original woody fibre being substituted by silica, or
sometimes by carbonate of lime, and sometimes by iron. Sir Charles Lyell has care-

fully examined the phenomena, now in progress, of the great Delta of the Mississippi,

and he perceives in them many facts which fully explain, to his mind, the progress

of coal deposit. It cannot, however, be disguised that even while he refers the

coal to the supposed submerged forests, he does not venture to explain any of those

changes, which he evidently believes depend upon some peculiar conditions of climate.

Professor John Phillips, who has devoted much study to this subject, says, ' There
is no necessity to enlarge upon the proofs of the origin of coal from vegetables, drawn
from an examination of its chemical constitution, as compared with the vegetable pro-

ducts, and the composition of the ligneous parts of the plants, and from the unanswerable

identity of the carbonaceous substance, into which a vast multitude of fossil plants have
been converted. The chemical constitution of this carbonaceous product of the indivi-

dual vegetables, is exactly analogous to the chemical constitution of coal; and it is

quite probable that hereafter the reason of the variations to which both are subject,

whether dependent on the original nature of the plant or produced by iinoqual expo-

sure to decaj' after inhumation, or metamorphic subsequent operations, will be as

apparent as that of the general argument arising from a common vegetable origin.'

—

Manual of Geology.

Mr. Jukes says, 'If therefore, we suppose wood (or vegetable matter) buried

under accumulations of more or less porous rock, such as sandstone and shale, so

that it might rot and decompose, and some of its elements enter into new combinations,

always using up a greater quantity of oxygen and nitrogen than of carbon and hydrogen,

or of oxygen and hydrogen than of carbon, we should have the exact conditions for

the transformation of vegetable matter into coal.'

—

Tlw- Studeni^s Mamial of Geology.

Much stress has been laid upon the fact that we have brown coal still retaining

all the unmistakable characters of wood, and the ajyparent passage of this into true

coal.
• Goppert states that the timber in the coal-mines of Charlottenbrunn is sometimes

converted into brown coal. The same conversion was many years ago found in an

old gallery of an iron-mine at Turrach in Styria. A. Schrotter explains, according to

the analysis made by him, this conversion, by the separation of marsh gas and car-

bonic acid from the ligneous fibre of oak wood.'

—

Bischof.

The same authority says, ' This conversion of wood into coal may take place in four

different ways, namely :

—

' 1. By the separation of carbonic acid and carburetted hydrogen.

2. „ „ carbonic acid and water.

3. „ „ carburetted hydrogen and water.

4. „ „ carbonic acid, carburetted hydrogen and water.'

Quoting the information accumulated by Bischof for tlio purpose of showing the

chemical changes which take place, the foUowing analyses (see Table at top of next

page) are given.

Such is, in the main, the evidence brought forward in support of the view that coal

is the result of the decomposition, upon the place where it is found ot woody fibre.

The following remarks by Professor Henry Eogers on the structure of the Appalachian

coal exhibits some of the difficulties which surround this view :—

'Each bed is made up of innumerable very thin laminae of glossy coal, alternating
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Cfli'bon Hycirogen
[

Oxygen Authority

Oak Wood OJi 06 0 27 42"20 Gay-Lussac
and Tlidnard,

Decayod Oak Wood 53*47 5'16 41-37 Liebig.

Fossil Wood 57 8 5 8 36'4 Kegnault.
Turf 60'1 33'8 Vaux.
Lignite...... 72-3 5-3 22-4 Rognaidt.
Coal from the Maremma (Tuscany). 76-7 5-2 18-1 Bischof.

Eetinite from the brown coal mines
of Walchow .... 80-3 10-7 9-0 Sclirotter,

Peat Coal 80-7 4-1 15-2 Baer.

Coal 82-2 12-3 Bischof.

with equally minute plates of impure coal, containing a small admixture of finely-

di^^ded earthy matter. These subdivisions, differing in their lustre and fracture, are
frequently of excessive thinness, the less brilliant leaves sometimes not exceeding the
thickness of a sheet of paper, In many of the purer coal-beds these thin partings
between more lustrous layers consist of little laminae of pure fibrous charcoal, in
which we may discover the peculiar texture of the leaves, fronds, and even the bark
of the plants which supplied a part of the vegetable matter of the bed. All these ulti-

mate divisions of a mass of coal will be found to extend over a surprisingly large
surface, when we consider their minute thickness. Pursuing any given brilliant

layer, whose thickness may not exceed the fourth part of an inch, we may observe it

to extend over a superficial space which is wholly incompatible with the idea that it

can have been derived from the flattened trunk or limb of any arborescent plant,
however compressible. When a large block of coal is thus minutely and carefully
dissected it very seldom, if ever, gives the slightest e^ddence of having'been produced
from the more solid parts of trees, though it may abound in fragments of their fronds
and deciduous extremities.'

It is not possible within the space which can be afforded to this article in the
present work, to examine fiu-ther the various views which have been entertained by geo-
logists and chemists of the formation of coal. A brief summary must now suffice :

—

1 . Coal is admitted upon all hands to be of vegetable origin.

2. Many refer coal to some peculiar changes which have taken place in wood ;

others to the formation and gradual subsidence of peat bogs
( Ungcr). Puci have also

been thought by some to supply the materials for coal-beds.

3. By some the coal is thought to be formed upon the spots on which the trees grew
and decayed. By others it is supposed that vast masses of vegetable matter were
drifted into lakes or deltas, to be there decomposed.

4. Whether the plants grew on the soil—the under cZay—upon which the coal is
found, or were drifted to it ; there must have been long periods during which nothing
but vegetable matter was deposited, and then a submergence of this land, and vast
accumulations of mud and sand. The number of coal-seams in some of our coal-fields
and the thicknesses of the strata will be given.

Professor HeniyEogers and others suppose, that the whole period of the coal-measures
was characterised by a general slow subsidence of the coasts on which we conceive that
the vegetation of the coal grew ; that this vertical depression was, however, inter-
rupted by pauses and gradual upward movements of less frequency and duration, and
that these nearly statical conditions of the land, alternated with great paroxysmal
displacements of the level, caused by the mighty pulsations of earthquakes. (See
Faults, Heaves.) ° " i v.

The difficulties are mainly the facts

—

1. That the evidence is not clear that anything like ligneous structure can be
detected in coal, while microspores and macrospores are sometimes found in abundance.

2. That the woody matter found in coal is never converted into coal, although
sometimes it appears as if the bark was so changed.

3. That the coal arranges itself always in exact obedience to the underlying surface
as though a semi-fluid mass had been spread out on a previously-formed solid bed.

'

4. The thinning out of true coal to extreme tenuity, as mentioned by Professor
Henry Eogers

; numerous examples of which appear in this country.
5. The extreme difficulty connected with the subsidence of the surface of the earth

to such a depth as that to which the lowest seams of coal extend.
We do not intend to answer any of tlieso difficulties, but to leave the question

open for further examination
; merely remarking, in conclusion, that there can beno doubt of the vegetable origin of coal. The only question is, the conditions of

3 0 2
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change by which bituminous coal lias boon produced from vegetable fibre, and that

we have not completed all the links in tlio chain between brown coal and true coal.

The following Table shows at a glance the chemical diflbronco between wood and
brown coal on the one hand, and anthracite on the other ; and serves to explain what
has been said of the chemical changes by which wood is supposed to pass into bitu-

minous and, eventually anthracite coal :

—

Locality Authority Carbon Hydrogen Oxygen Nitrogen

Pure woody fibre Schodler 62-C5 5-25 42-10

Becoh

.

Chovandier . 48-89 G-07 43-11 0-93

Oak . Ditto . 60'C4 C-03 42-05 1-28

Peat . Holland . . Milder . C9-27 5-41 35-32

Ditto Long . • . BegnaiUb GO-06 6-21 33-73

Ditto Bog of Allen Kane 61-02 5-77 32-40 0-80

Ditto LTpper Shauuou . Ditto . 61-21 5-61 31-44 1-G2

Lignite . . Cologne Eegnault 63-42 4-98 •27-11

Ditto Patagonia • .T. A. Phillips 02-19 6-08 19-44

Brown coal Ncider Alpcn Kegnault 69-06 5-20 22-74

Ditto Wigan J. A. Phillips 80-21 6-30 8-64

Ditto Bog Head . Hofmann 65-6G 8-90

Ditto Ditto Anderson 64-02 8-09 5-66 0-55

Cannel coal Wigan Bichardson . 83-75 6-66 8-03

Cherry coal Newcastle . Ditto . 81-20 5-04 8-43

Carr's Hartley . Ditto Admiralty Liqniry 79-83 5-U 7-26 M7
Steam Wallseud

.

Ditto Ditto . 83-71 5-30 2-79 1-06

Resolven . South Wales Ditto . 79-33 4-75 1-38

Neath Abbey Ditto Ditto . 89-04 5-05

7 19
1-07

Graigola . Ditto Ditto . 84-87 3 '84 0-41

Aberaman . Ditto Ditto . 90-94 4-28 0-94 1-21

Anthracite

.

Ditto Ditto . 91-44 3-46 0-79 0-21

Ditto Slievardagh, Ire-
80-03 2-30land Ditto . 0-23

Ditto ViziUe Jacqueline 94-09 1-85

0-82Ditto Swansea . Kegnault 91-29 2-33 0-45

1 2 3

94-10 83-75 73-79

2-39 0-66 7-46

1-34 \
0-87 J

8-04 13-70

1-30 2-55 4-96

Brooke and Miller divide coal into three varieties:—!. Anthracite; 2. Black

coal ; 3. Brown coal. The chemical differences between those being

:

Carbon
Hydrogen
Oxygen
Nitrogen

Ash

Other mineralogists, as Dana, divide coal into bituminous and non-bituminous ; and

under these divisions they group the numerous varieties of coal which occur, as—

BiTUjnNOUS Varieties. 1. Pitch or caking coal (Dana), which burns readily with

a yellow flame, and which on receiving the heat, unites into a solid mass; thus

requiring poking to prevent a too complete consolidation of the mass. 2. Chen^

coal somewhat resembles caking coal, but in burning it does not soften or cake. It

burns more rapidly than caking coal, with a clear yellow flame. 3. Spli^it coal or splent

coal is in Scotland a term for a hard laminated variety of bituminous coal, intermediate

in texture, between caking and cannel coal. The name is derived from its splitting

(or splenting) up in large flaggy or board-like laminae (Page). It is a coarse kind oi

cannel coal (Da^ia). A variety of bituminous (cannel) coal, with a slaty structure

and of a harder and tougher nature than cherry coal. Spbnt coal is used by Lyell

as the equivalent to anthracite. 4. Cannel coal. A coa with a fine compact

texture, a large conchoidal fracture; it receives a good polish; is sonorous when

struck It is coal more perfectly bituminised than No. 1. In Scotland this coal is

called parrot coal from the crackling, chattering noise which it makes when first

^'ir^jiltsfannel coal, but is blacker, and has a much more brilliant lustre.
_

FliScml I kind of ^oal resembUng anthracite in appearance; but contaimng

^%Z^'Coal. A coal resembling flint coal. It must be regarded as a local name for

iro^^^;%ngbuty^^-:^
fusibility of asphaltum.
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Nox-BiTUMiNOUs Varieties. Anthracite. A coal with a sharp-edged, shining,

conchoidal fractiiro, not easily ignited, but when burning it gives out an intense heat,

unaccompanied by smoke, and produces but little flame. Often called stone coal.

Culm. An impure shaly kind of coal, or anthracite shale, as the culmniferous or

antliracito shales of Devon. The term is used in Parliamentary retui-ns to signify

antliracite.

Fossil CoJce. An American variety, more compact than artificial coke, supposed to

be produced by the action of trap rocks on anthracite.

Kecent Com,. The true coal era is a well-marked one. Geologically it lies be-

tween the Old Eed Sandstone and the New Eed Sandstone rocks. A newer coal is found
in the lias at Eichmond in Virginia, United States ; and a coal belonging to the Oolites,

at Brora in Sutherland, Scotland, and other places. These newer coals are very insig-

nificant as compared with the true old coals.

Bhown CoAi. This comparatively recent coal sometimes resembles bituminous
coal. Other varieties have a brownish-black colour, with a coal-like lustre. It is

called, when it approaches ordinary coal in hardness and appearance, stone coal.

Lignite. "Wood in a process of change ; when it still retains its woody structure,

it is called wood or board coal ; when it consists of thin layers, it is termed paper coal,

and when soft and earthy it is' known as peat coal.

The relative importance of mineral fuel in various countries, as indicated by the
actual coal area and the real production of some of the principal coal-fields, may be
understood by a reference to the subjoined Table :

—

Countries Goal Area in Square
Miles

Proportdon of whole
Area of the Coantry

Annual Production
according to the
latest Ketums

British Islands

France....
Belgium
Spain . . . .

Prussia.

United States ofAmerica
British North America .

India ....

12,800

2,000

620
4,000

1,200

220,166

13,000

uncertain

1-10

1-100

1-22

1-52

1-90

3-0

1-10

123,573,600

12,148,223

12,544,088

600,000

14,751,729

21,558,329

2,750,000

401,279

COAI-FIELDS OP THE UnITED EjNGDOM.

It will thus be seen how extremely important the coal-fields of the British Islands
really are when compared with any others. This is the case, not merely in the total
anmial production and the proportionate extent of the deposits, but also from the great
number of points at which the coal can be advantageously worked. This will be best
seen by reference to the Table given at the end of the article.
The distribution of coal in the United Kingdom is of vast importance to the

country. It is spread over large areas, commencing with Devonshire in the south,
and extending to the northern divisions of the great Scotch coal-fields. A careful
examination of all these deposits cannot but prove useful.
Devonshihe. Lignite of Bovcy.Heathfield.—Ljsons, 'Magna Britannia,' informs

us that this so-called Bovey coal was worked for use early in the last century ; and
Dr. Maton described those beds in 1797 as being from 4 to 16 feet in thickness
alternating with clay, and he stated that the pits were about 80 feet deep, and worked
for the supply of a neighbouring pottery. A pottery was established at Ideo in 1772,and one at Bovey Tracey in 1812, both of which were supplied with fuel from those
lignite beds.

—

Dc la Beehe.

Mr. William Pengelly carefully investigated the Bovey Tracey lignites. The result
ot his^onqiury was 'that the Bovey lignites are the contemporaries of the " Hempstead
• ^o-n""

the Isle of Wight, first discovered by the late lamented Edward Forbesm 18o2 and described by him in the foUowing year. Though their discoverer always
regarded them as Upper Eocene, they have recently been grouped amongst the Lower
Miocene Professor Heer of Ziiricli determined forty-five species of plants from this
lignite, forty-one of tliem being decidedly of the Lower Miocene age

Bul,:ford Anthraciie.-'Ih^ beds of anthracite stretch across the country fromBarnstaple Bay by Eideford and Averdiscot, towards Chittlehampton, a distance oiabout twelve milcs and a half. The anthracite is mixed with the black sha es of thecarbonaceous deposits.

'The anthracite is mixed M-ith those shales in the manner represented beneath
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fig. 465 ; a, sandstones
; h, shales

;
e, culm or anthracite ; so tliiit the culm itself seems

the result of irregular accumulations of vegotahlo matter intermingled M'itli mud and
sand. As so frequently

happens with carbona-

ceous deposits of tliis

kind, nodules of argilla-

ceous iron-stone are often

found in the same loca-

lities with the shales and
anthracite, reminding us

of the intermixture of

iron ores and vegetable

nKitters in the bogs and
morasses of the present

day.'

—

Dc la Beche,

Somersetshire and GtorcESTERSUiRE.—The Dean Forest coal-field, and the coal-

moasures extending further south forming the Bristol coal-field, are included in this

division. The workable seams of coal in the Forest are the following :

—

ft.

Dog Delf (having a thickness of) . . . .1
Smith Coal „
Little Delf
Park End High Delf
Stakey Delf
Little Coal

Eocky Delf
Upper Cliiu'chway Delf
Lower Churchway Delf

Braizley Delf
Nag's Head, or Weaver's
Wliittington Delf
Coleford High Delf
Upper Trencliard

Lower Trenchard

2

1

3

2

1

1

4

2

1

2

2

5

2

1

in.

2

6

8

7

G

1

9

2

0

9

9

6

0

0

4

There is a small coal-field north of the Forest of Dean, which is a long narrow

strip, containing two and a half square miles or 1,600 acres.

—

Maclauehlan, Geological

Transactions, vol. v.

Aboiit nine miles and a half to the soiith of Dean Forest a considerable mass of

coal-measures has been preserved from destruction, by the denuding caiises wliicli

have carried olFthe connecting portion between it and Dean Forest, leaving at least

two outlying patches on the north of Chepstow.

The Bristol coal-field occupies about fifty square miles, or 32,000 acres. The

seams of coal are very thin in comparison with those which are worked in other

districts. Buckland and Coneybeare (' Geological Transactions,' vol. i.) have well

described this coal-field.

The total thickness of the whole series of strata in this Bristol coal-field has been

shown by De la Beche to bo as follows :

—

Upper shales and limestones

Middle sandstone

Lower shales .

Farewell Eock .

1,800 feet, with 10 beds of coal.

1,725 feet, witli 5 beds of coal.

1,565 feet, with 36 beds of coal.

1,200 feet.

Total . . . 6,290 feet.

SotJTH Waies CoAi-FffiLD.—The total thickness of the coal-strata in this im-

portant district is very great. Logan and De la Beche liave accumulated evidence

which appears to justify the admission of 11,000, or even 12,000 feet thickness froni

the carboniferous limestone to the highest part of the coal series about Lianelly; in

other parts of the field the series is found to be on proportions only less gigantic. Ihe

most general ^-iew which can be afforded seems thus, giving the true coal-measure

about 8,000 feet:—

Llanelly series, with several beds of coal . . .

Penllcrgare series of shales, sandstones, and beds of coal, 110 beas,

26 beds of coal "f fi,I

Central series (Townhill sandstones of Swansea, Pennant grit ot mo

Bristol field) ; 62 beds, and 16 beds of coal

Feet

1,000

3,000

3,246
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Pcet
Lower shalos, coals, aud iron-stones (Mortliyr) ; 266 beds, 34 beds

of coal 812
Abundance of iron-stone beds and Unionida; occur.

Farewell-Eock and Gower shales above ; the carboniferous limestone below.

The coal on the north-eastern side of the basin is of a colcing quality, excellent for
the iron manufacture ; on the north-western it contains little or no bitumen, being
what is called stone-coal or anthracite ; on the south side, from Pontypool to Caermar-
then Bay, it is of a bituminous or binding quality.

—

Phillips.

Shropshire.—This district includes the small coal-field of Coalbrook Dale and
that of the plain of Shrewsbury. The Coalbrook-Dale field, according to Mr,
Prestwich, has some remarkable features. {Geological Transactions.) Perhaps thero
is no coal tract known, which in so small a compass, about twelve miles long, and, at
most, three and a half miles wide, exhibits so many curvatures in the outcrops,
crossed by so many continuous faults, some varying north by east, others east-north-
east ; these crossed by many of shorter length, and directed west-north-west, and in
several other lines. The total thickness is supposed to be 1,000 or 1,100 feet, divided
into 80 distinct strata. The coal varies in total thickness from 16 feet to 55, and in
the number of its beds from 7 to 22, the increase being to the north. The ' cleat ' or
system of joints runs from west-north-west to east-south-east. The coal is, for the
most part, of the variety called slate-coal in Scotland, and hard coal in Derbyshire,
Cannel coal is rare—sulphm-eous coal (pyritous) very common. Petroleum aboiinds
in the central and upper part of the field. The beds are mostly thin ; the ten upper-
most are too sulphxireous for other uses than lime burning, and are caUed stinkers;
twelve beds of good coal, in all 25 feet thick, the thickest being five feet, succeed, and
the low-est bed of the whole formation, eight inches thick, is sulphureous.—P/««j>s,
Frestwich. ^

Staffordshiee.—7%e Coal-jield of South Staffordshire, which has been described
by Mr. J Beete Jukes, who states, its boundary would be roughly described as the
space included withm a boundary line drawn from Eugeley through Wolverhampton
to Stourbridge; hence to the southern end of the Bromsgrove Lickey, and returning
through Harborne (near Birmingham) and Great Barr back to Eugeley. This geolo^
gist classes these coal-strata in three divisions, by the well traced band of thick coal.ihe total thickness of coal near Dudley being about 57 feet, and between Bilston andWolverhampton upwards of 70 feet. The thick eoal is formed of eight, ten, or thirteen
distingmshable parts, the whole seam varying in thickness from three feet to thirty-
ninefeet five inches ;jt is very irregular in parts, divided by sandstones, spUttingwith
wide-shaped offshoots, and cut into 'swiles ' or 'horse-backs.' which rise up from the
floor. Below the thick coal, are mmierous beds of sandstone-shales, coal, and iron-
stone, having on the average a thickness of 320 feet; and above the thick coal thethickness IS 280 feet on the average.-i?.cor^5 of the School of Mines.

^f ^^'^'5 comprised in the space between Con-gleton,_Newcastle-under-Lyne, and Lane End. About 32 beds of coal have been

tTSA'^S^^l' ''''''''' ^'"'''''^

are^clTsSns tT^truZTirf'
Derbyshire and Nottinghamshire coalsare ciassea as to structure in two varieties, as 'hard' coal, in which the divisinnal

'Zf^T '^r^^
derived from the planes of stratification, ISssed by on^ set ^

result, coai where the cleat fissures are numerous, and broken bv cross cleitIn respect of the quaht^ some of the coal is of a ' crozli^g ' or cokfng natSe easilvVisible and changing Its figure by 'coking'; the rest (and this is spLaU^^^^

Ztre: !ZU"SSd7^^ '°f\^°°'
'''''''''' excelfentciC wS

The names by which the more important beds of coal worked within this district

tZlTT'T Tupton coal, hard coal, soft coal, blackXe ox clod ctl
iln ^""^ """"^^^^ ^'-^^^il Ganistor coal, Park-Ste coalAston coal, Kilburn coal furnace coal, Hazol coal. Eureka coal, main and defp coalLeicestershire and Warwickshire.-The Leicester coal i^M Z hlJ i T ^
about Ashby-de-la-Zouch (see Mammatt on ' Th coSfidd 5 A^^^^^^
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In the Moira district

—

Eureka coal

Stocking coal

Woodficld coal .

Slate coal

Netlior main coal

Pourfoot coal

The Earl coal .

In the Coleorton district

—

Heath End coal .

Lount coal

Main coal

Thickness of beds

, 4 to 6 feet.

. 6 to 7 „

.6
. 3ito4„
. 14 to 15 „
. 4 to 6 ,,

. 4 ft. 6 in.

. 9 feet.

. (3 beds).

, 10 to 12 feet.

The WarwicJcshire Coal-field extends from a point east of Tamworth to a point east

of Coventry, about twenty miles from N.W. to S.E. parallel to the Ashby coal tracts.

The strata are most productive of coal near the southern extremity, where, by the

coming together of two seams,—worked separately at GrifF,—the five-yard seam is

worked. The beds are known as the seven-feet coal and rider, slate coal, two yards,

lower seam, cannel, and Ell coal.

YoHKSiiiEB. Professor John Phillips gives the following mode of classification as

the mosit natural and convenient for the Yorkshire coal :—

Magnesian limestone unconformably covers the coal seams.

(Shales and Badsworth coal.

Ackworth rock.

Wragby and Sharlston coals.

Red rock of WooUey, Hooton-Eoberts, &c.

""Purnace coals

Middle coals
Intermediate coals

Ironstone coals .

Barnsley thick coal.

{ Eock of Horbury.

j Middle coals.

/Silkstone and Flockton beds.

\Low Moor coals.

Flagstone rock of Woodhouse, Bradford, Elland, Peniston, &c.

Shales and ganister stone.

Coals.

Lower coals . •< Shales and ganister stone.

Coals.

^Shales, &c.

Millstone grit lies below the ' coal series.'
-n r -di -n-

The important middle-coal series are again divided by Professor PhiUips as

follows:— , -r-,1

Eed rock of Woolley Edge.

Purnaco coals of Barnsley, &c. including tU eight or ten feet

seam.

Eock of Horbury and Wentworth House.

{Swift burning coals of Middleton, Dewsbury, &c., with

bands of ' mussels.'

Bituminous coals of Silkstone and Low Moor.

Flagstone rocks beneath.

The small coal-field of Ingleton and Black Burton in Lonsdale is thrown down on

the south side of the great Craven fault.
^ j' .c

LrNCASHiRE.-The coal-field of Lanca.shire occupies an area extending from

Macclesfiekl to Colne, 46 miles, and from Torboch, near Liverpool, to Todmorden,

about 40 miles. Exchiding the millstone grit, its area is about 250 square miles.-

'^TTL through Worsley, Bury, and Burnley to the limestone
^^J^^^ f ^-f^^"

Hill, we have 36 seams of coal, 10 of them not exceeding 1 foot in thickness, making

in all 93 feet of coal. . .

The series is divisible into three parts above the millstone gj't

JJvvar Dart containing a bed of limestone at Ardwick, near Manchester.
_

IsESu^ak^^Zk the greater part of the thick and valuable seams, especially

cannel coal of Wigan. . v i i
•

Lower fart, coiTesponding to the ganister scries of lorksUiie.
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Cheshire.—The coal-field of Chesliire is not of great importance.

North Waues.—Flintshire and Denbighshire.—The Flintshire coal-basin extends

from north to soutli, somewhat more than 30 miles from Llanassa to near Oswestry in

Shropsliiro. The coal-strata dip generally eastward, and forni in the northern part a

trough beneath the estuary of the Dee. This coal-basin in Flintshire commences with

beds of shale and sandstone. The coal is of various thickness, from f to 5 yards, and

consists of the common, carinel, and peacock varieties.

—

Phillips and Conyheare.

Cumberland.—This coal-field extends as a narrow crescent from Whitehaven to

near Heskot Newmarket: around Whitehaven and at Workington the coal is worked
extensively. At the latter place, a few years since, a very valuable colliery was
destroyed by the bursting in of the sea.

There are three workable seams in the Cumberland coal-field in the neighbourhood

of the three under-mentioned towns, and these are known in each place by the names
given :

—

\Vhitehaven Workington MarjTport

Bannock band.
Main band.

Six-quarter coal or

Low-bottom seam.

Moorbanlts.

Main seam.

Hamilton seam.

Ten quarters.

Cannel and metal seams (di-

vided with shale from 2

feet to 5 fathoms thick).

Northumberland and Durham.—The total thickness of the coal-measures of

this district is about 1,600 feet. The number of distinct layers or beds, as usually

noted by the miners, is about 600. The total thickness of the beds of coal rarely exceeds

—does not on the average equal—60 feet. No bed of coal is of greater thickness,

even for a short distance, than 6 or 7 feet ; several are so tliin as to be of no value at

present ; but many of these will be worked with profit. The total thickness of
' workable coal,' supposing all the beds to be found in a given tract, is not to be esti-

mated at above 20 or 30 feet. The most part of the coal in this great district is

of the coking quality, but, in this respect, there is much variation
;
advantage has

been taken of this, in rendering available very large quantities of the dust of coal,

and the small coal which formerly was burnt to waste on the pit bank. The best
coke for locomotive engines is now made from the lower coals in the Auckland
district of Durham, and the Shotley Bridge district of Northumberland. The best
' steam coal ' is obtained from the north side of the Tyne and the Blyth district. The
best 'house coal' still comes from the remains of the 'High chain' on the Tyne, and
from the ' Hutton seam ' on the Wear ; but the collieries north of the Tees have
acquired a high reputation.

As a general view of the groups of strata the following summaries may suffice :

—

Upper groups of coal-measures, including chiefly thin seams of small value (8 or
more) in a vast mass of sandstone in shales, with some iron-stone. At the base is a
mussel band ; estimated at 900 feet.

On the Tyne:—
High main coal .

Ft. lu.

6 0
Strata and thin coals 60 0
Metal coal 1 6
Strata and thin coals 30 0
Stone coal 3 0
Strata . * . . 83 0
Yard coal.... 3 0
Strata .... 90 0
Sensham seam . 3 0
Strata with several variable

beds and some layers of

mussels.... 150 0
Low main coal . 6 0
Strata .... 200 0

Herve^'s scam . 3 0
Strata .... 300 0

Brockwell Scam 3 0
Strata above millstone grit 200 0

On the Wear and Tyne :

—

Ft. In. Ft. In.

Unknown.
Five-quarter coal . 3 9 to 6 9

Main coal . . . 5 6 to 6 0

Maudlin seam . . 4 6 to 6 0

Low main or Hutton
seam . . . 4 6 to 6 6

Beaumont seam . . 3 0 to 6 0

Brockwell scam . , 3 0 to G 0

—John Phillips.
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Tlio scairia which are jmncipalli/ wked in this district are the high main, five-
quartor main, Bensham soam, Hutton seam, Beaumont soam, low five-quarter, three-
quarter seam, Broekwell, and stono coals. These seams arc knoM'n by other names,
eiich district usually adopting its own peculiar term to designate the workahle seams.
Thus tlio Bensham soam of the Tyno is known as the Maudlin seam of the Wear.
The Beaumont or Harvey seam is the Townley seam of the Townley colliery and
the main coal of Wylam colliery. At Hetton the high main seam of the Cramlington
district separates into two, and is called the three-quarter seam at Pontop ; where it

unites again it is known as the Shieldrow seam. The Cramlington grey seam is the
metal-coal soam and stono coal-scam of Sherriif Hill, where it is divided ; while it

unites at Hetton and forms tho five-quarter seam of that and the Auckland district.

Tho Cramlington yard seam becomes tho main coal-seam at Hetton, Haswell, and some
other localities, tho Brass Thill at Pontop, and the main coal in Auckland. Again,
tho Cramlington five-quarter soam divides and forms the six-quarter, and the five-

quarter at Shorriff Hill tho Brass Thill seam at Pittington
;
they agjiin unite and form

tho Hutton seam at Pontop colliery, and so with regard to a few others.

—

Mineral
Statistics.

ScoTtAND.—'A memoir on the Mid-Lothian and East-Lothian Coal-fields,' by
David Milno, gives the most exact account of the carboniferous system of Scotland.

Prom this description it will bo seen that tho Scotch coal-field extends from tho

eastern unto tho western shore.

There are three principal coal-basins in Scotland : 1, that of Ayrshire ; 2, that of

Clydesdale ; and 3, that of the valley of the Forth, which runs into the second in the

line of the Union Canal. If two lines be drawn, one from Saint Andrews on the

north-east coast, to Kilpatrick on tho Clyde, and another from Aberladj-, in Had-
dingtonshire, to a point a few miles south of Kirkoswald in Ayrshire, they will

include between them the whole space where pitcoal has been discovered and worked
in Scotland,

According to Mr. Parey there are 337 principal alternations of strata between the

surface in the town of Fisherow, on the banks of tho Prith of Forth (where tho

highest of these strata occur) and tho commencement of the basaltic rocks, forming

the general floor and border of this important coal-field. These strata lie internally

in the form of a lengthened basin or trough, and consist of sandstone, shale, coal,

limestone, ironstone, &c. Sixty-two seams of coal, counting the double seams as

one; 7 limestones; 72 assemblages of stone and other strata: in all 5,000 feet in

thiclcness.

Professor Phillips remarks of this district, ' On the whole, allowing for waste, un-

attainable portions,, and other circumstances, this one district may be admitted as

likely to yield to the miner for actual use 2,250 millions of tons of coal.' The coal

is partly ' splint,' partly ' rough,' or ' cherry,' partly of the ' cannel ' or ' parrot ' variety.

The first containing most oxygen ; the last, most hydrogen and nitrogen, and the least

carbon.

Ireland.—The coal-measures of Ireland, if we include in this term the millstone

grit, occupy large tracts of land in that country, and are upon the whole analogous,

in general mineral characters and organic contents, to those of England.
_

Tho same

absence of limestone, the same kind of successions of sandstones and shales is remarked

in them. Anthracite or stone-coal like that of South Wales is found in the Leinster

and Munster districts ; bituminous coal occurs in Connaught and Ulster. In Ulster

the principal collieries are at Coal Island and Dungannon. The Munster coal

district is stated by Mr. Griffith to be of greater extent than any Engbsh coal-field,

but it is much less productive. At Ballycastle the coal is found in connection with

basalt.

—

Phillips.
. . , -r , t

Mr. Hull's remark, in the ' Coal-fields of Great Britain,' ' that Ireland was onco

covered over two-thirds of its extent by coal-fields,' is a proposition which we may

confidently affirm on geological grounds ; but the misfortunes of the sister islo began

long before the landing of Strongbow, for old fiither Neptune had swept the coal and

coal-strat.a clean into his lap, and left little but a bare floor of limestone behind In

plain words, if we examine a geological map of Ireland, we shall find that the carboni-

ferous limestone overspreads its greater part ; and as we always find m -fc;ng anrt

that this formation is ultimately sui-mounted by coal-measures, so wo may mier tnat

was tho same order ,.f succession here, before the sea, which more th.an once over-

wholmod tho country after the carboniferous epoch remorselessly swept away the

more valuable portion of this system of rocks.
•

The following remarks on the coal-fields of Ireland are translated, lij Mi. ^\
.
R.

Baily, from a description of them by Dr. H. B. Geinitz :—
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'Although the carboniferous limostono extends over the greater part of Ireland, and

wo may assume that the coal-bearing strata of the carboniferous formation may also,

at one time, have exliibited a considerable extension in that country, there is, however,

very little of it remaining, in consequence of the subsequent denudation observable

there. In the south of Ireland the carboniferous limestone is accompanied by a series

of black shales or grey sandstone, and arenaceous or sandy shales, which contain tliin

beds of anthracite coal in the upper strata. Professor J. Beete Jukes, who is at the

head of the Geological Survey of Ireland (since deceased), distinguishes in this

district (Castlecomer, Queen's County) the following groups of the carboniferous

formation, from the lower to the upper :—1. Carboniferous limestone, 3,000 feet thick.

2. Black shale, with occasional thin beds of sandstone, about 8,000 feet thick. In
these occur the fossil shells, Aviculopecten papyraceus, Vosidoiiomya Becheri, Goniatites

sph(Briciis, Orthoceras Stdnhaueri, and other marine animals, indicative of a lower
horizon. 3. Greenish-grey sandy shale, and black shale (flagstone series) charac-

terised by vermicular impressions or markings, which have been referred to worm-
tracks, as well as crustacean and molluscous tracks', 600 feet thick. 4. Black
shales and grey sandstone, with thin beds of coal, 1,800 feet thick

; making a total

maximum thickness of coal-measure strata above the carboniferous limestone of

3,100 feet.

' An extensive working is carried on in the Castlecomer coal-field, which lies on the
borders of Kilkenny and Queen's Counties. Accurate sections referring to this field,

for wliich we are indebted to Professor Jukes, exhibit in this district five beds of coal,

of which, however, the upper only are observable, and that over a very limited area,

in consequence of denudation (probablyfrom sea action upon what was once the coast-
line). The richer deposits of coal in the lower beds are found north-east of Castlecomer,
where, at the Garrow Colliery, at the time of my visit, a coal-bearing seam, 3 ft. 10 ins.
thick, was working, which yielded excellent anthracite coal, the normal Kilkenny coal
of "Werner. The circumstances just described are perfectly analogous to those in the
neighbouring Geneva Colliery. Opinions still vary as to whether this Garrow bed is

the second or tlaird fi-om the bottom. At all events, it is the most important in the
district. In the small Leinster coal-field, somewhat fiirther to the north-east, in the
direction from Castlecomer to Athy, a seam is also worked from 18 to 20 inches thick
only. The numerous remains of plants collected in this coal-district, compared with
those of other coal-basins, show that the anthracite coal does not belong to the zone
(horizon) of the culm, or our first zone, but rather to the commencement of the second,
or Sigillaria zone. Marine shells occur over the Garrow seam, among which the
characteristic and widely-distributed coal-measure fossils before mentioned, Aviculo-
fecten papyraceus and Posidonomya Becheri are most frequent. Numerous well-pre-
served bivalve shells occur, Anthracosia, Myalina, &c., locally called " beams " by the
miners, together with some remarkable Crustacea of the genus Belimcriis, from the
black shales of Bilboa Colliery, situated about six miles S. W. of Carlow, the coal of
which is believed to correspond with the second seam of the Castlecomer district. At
this colliery, also, the well-known fossil plants Alethopteris lonchiiidis and Sagenaria
elegcms. vfem easily recognisable, two forms, which, in the productive coal-formation
of England especially, have the widest distribution. In the north of Ireland, where
coal-bearing beds occur, in the counties of Leitrim, Fermanagh, as well as at Dungan-
non, in Tyrone, and Ballycastle, in Antrim, they rest upon a thick sandstone formation
apparently representing the millstone grit which, separates them from the carboni-
iorous limestone group. Sir Eichard Griffiths, Bart., in his geological map of Ireland,
divides the latter into an upper and lower limestone, between which the " calp "

is
deposited, consisting of shales and sandstones, and often more than 1,000 feet thick
It IS remarkable that while in the whole of the south of Ireland the typical anthracite
or Kilkenny coal predominates, in the north the prevailing deposits are bituminous
or good gas-coal. According to the investigations of Sir E. Griffiths, the coal-field of
Dungannon, m Tyrone, is divided into two districts, which are distinguished as the
Goal Island distnct and the Annaghone district. The first is six miles long with amean breadth of about two miles

; the latter is only one mile long and half a mile
broad. In this important coal-field there are eight beds of coal, of variable thickness
from 2 ft. 2 in. to 1 ft. 9 in. viz., the Annagher coal. Under these there are also two or
three other seams known. These coals are, for the most part, of good qualitv The
occurrence of the productive coal-formation at Ballycastle, on the northern coast of
Ireland, in the county of Antrim, is very interesting, where it extends, from FairHead, in a westerly and southerly direction, to a distance of about four miles with amean breadth of one mile and a half. It contains, at Murlough Bay, six coal seamsfrom one to eight feet thick, of which four yield good gas-coal, while the two deepestare anthracite. The first four occur between two columnar isolated basaltic masspVwhile the two lower anthracite scams are almost in direct contact with the lower
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Theso coal-bearing beds appear to rest
basaltic mass, which is about 70 feet thick,
directly on the mica-schist.

' As an additional characteristic of the Ii-ish coal-fields, there follows a summary of
the fossil plants which we had the opportunity of examining. I do not think that we
should bo justified, from a consideration of these plants, to refer the coal-bearing beds
of Ireland to an older zone than to the lower, generally poor, itagc of the Westphalian
coal-formation, which represents very well the relations of their deposition. They
indicate here, as there also, the commencement of the SigUlaria zone, whose later
and richer bods were, in Ireland, destroyed, and of which only a very small area may
still bo preserved in some northern localities, as at Dungannon.'

The following general statement of the geological conditions of the coal-measures
of these islands is continued from the pen of the late Dr. Ure :

—

The great Carboniferous Formations of those islands may be subdivided into three
orders of rocks : 1. the coal-measures, including their manifold alternations of coal-

beds, sandstones, and shales ; "2. the millstone grit and shale towards the bottom of
the coal-measures ; 3. the carboniferous limestone, which, projecting to considerable

heights above the outcrop of the coal and grit, acquires the title of mountain lime-

stone
; resting on the Old Eed Sandstone, which may be regarded as the connecting

link with the transition and primary rock basin in which the coal system lies.

The coal series usually, but not invariably, consists of a regular' alternation of

mineral strata deposited in a great concavity or basin, the sides and bottom of which
are composed of transition rocks. This arrangement will be clearly understood by in-

specting ^y. 466, which represents a section of the coal-field south of Malmesbury.

Mendip Hills Dundry Hill Wick Rocks Fog lull N. of Lansdowne

1, 1, Old Eed Sandstone.

4, 4, coal-seams.

7, 7, lias.

2, mountain limestone.

6, Pennant, or coarse sandstone.

8, 8, Inferior oolite. 9, great oolite.

3, millstone grit.

6, New Bed Sandstone, or red marl.

10, cornbrash and Forest marble.

No. 1, or the Old Eod Sandstone, may therefore be regarded as the characteristic

lining of the coal-basins ; but this sandstone rests on transition limestone, and this

limestone on highly-inclined beds of slaty micaceous sandstone which, on the one hand,

alternates with, and passes into a coarse breccia, having grains as large as peas ; on

the other, into a soft argillaceous slate. The micaceous sandstone stands bare on the

north-eastern border of the Forest of Dean, near the southern extremity of the chain

of transition limestone which extends from Stoke Edith, near Hereford, to Flaxley on

the Severn. It is traversed by a defile, through which the road from Gloucester to

Boss winds. The abruptness of this pass gives it a wild and mountainous character,

and affords the best opportunity of examining the varieties of the rock.

The limestone consists in its lower bedsoi fine-grained, tender, extremely argillaceous

slate, known in the district by the name of water-stone, in consequence of the wet

soil that is found wherever it appears at the surface. Calcareous matter is inter-

spersed in it but sparingly. Its upper beds consist of shale alternating with extensive

beds of stratified limestone. The lowest of the calcareous strata are thin, and alternate

with shale. On these repose thicker strata of more compact limestone, often of a dull

blue colour. The beds are often dolomitic, which is indicated by straw-yellow colour,

or dark pink colour, and by the sandy or glimmering aspect of the rock.

The Old Eed Sandstone, whose limits are so restricted in other parts of England, hero

occupies an extensive area. The space which it covers, its great thickness, its high

inclination, the abrupt character of the surface over which it prevails, and the conse-

quent display of its strata in many natural sections, present, in this district, advantages

for studying the formation, which are not be mot -svith elsewhere in South Brit-un. In the

neighbourhood of Mitchel Dean, the total thickness of this formation intorposed con-

formably between the transition and mountain limestone, is from 600 to 8U0 latlioms.

The mountain or carbotiiferous limestone is distinguished from transition limestone
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rather by its position than by any very wide diiForence in its general character or
organic remains. According to the measurements of Mr. Mushot, the total thickness
of tlie mountain limestone in the Gloucestershire coal-field is about 120 fathoms.
Tlie zone of limestone belonging to this coal-basin is from a furlong to a mile in
breadth on the surface of the ground, according as the dip of the strata is more or
less rapid. The angle of dip on the northen and western border is often no more
than 10°, but on tlie eastern it frequently amounts to 80°.

The aggregate thickness of the coal-measures amounts to about 500 fathoms. 1.
The lowest beds, which repose on the mountain limestone, are about 40 fathoms thick'
and consist here, as in the Bristol coal-basin, of a red siliceous grit, alternating with
conglomerate, used for millstones ; and with clay, occasionally used for ochre 2
These beds are succeeded by a series about 120 fathoms thick, in which a grey o-ritstone
predominates,^ alternating in the lower part with shale, and containing 6 seams of
coal. The grits are of a fissile character, and are quarried extensively for flag-stone
ashlers, and fire-stone. 3. A bed of grit, 25 fathoms thick, quarried for hearth-stone'
separates the preceding series from the following, or the 4th, which is about 115
fathoms thick, and consists of from 12 to 14 seams of coal alternating with shale.
5. To this succeeds a straw-coloured sandstone, nearly 100 fathoms thick, forming a
high ridge in the interior of the basin. It contains several thin seams of coal, from
6 to 16 inches in thickness. 6. On tliis reposes a series of about 12 fathoms thick
consisting of 3_ seams of coal alternating with shale. 7. This is covered with alter-
nate beds of grit and shale, whose aggregate thickness is about 100 fathoms, occupying
a tract m the centre of the basin about 4 miles long and 2 miles broad The
sandstone No. 5 is probably the equivalent of the Pennant in the preceding 'figure
The floor, or pavement, immediately under the coal-beds is, almost without exception'
a greyish-slate clay, which, when made into bricks, strongly resists the fia-e This fire-
clay varies m thickness from a fraction of an inch to several fathoms. Clav-ironstona
is often disseminated through the shale.
The above description holds generally correct for the great coal-fields of soutli-western England where we have coal-measures, maistone grit, and mountain limestonem regular order the latter being at the base of the system As we proceed nortWd

to Yorkshire and Northumberland, however, the limestone begins toXrnate StheW r .v'f''^''' ^'?''i^J^^^^S together a series of strata abo™OoSfeet m th ckness. To this mixed formation succeeds the great mass of genuinemountain limestone. In Fifeshire, in Scotland, we observed stiU Seat departurefrom the type of the south of England, or a more complete intercaSSn of densemasses of marine hmestone, with sandstone and shales containing coalAt Brora m Sutherlandshire, we have a coal-formation belonging to the lower

Wtion?''''''''^''^""'' Yorkshire, ^eliave a siX
The Brora coal-field, to which of late much attention has been directed is i rPninrVable example of a coal-basin among the deeper secondarv W M -^tEed Sandstone formation. The Eef. Dr. sSUd and Sr C -'l'-

in 1824, had expressed an opinion that the striataTher Vt^^ity 17^^^^^^^^^

planfoftrna^L^al oS ^^SJL^ '^St °°Tt ^ ^'''''^^ ^^-^^^
towards the formation of thatTSy of ^o^ l-g«ly
tion upwards is into a purer bituminous snbS.ni

the next transi-

constitutos the great bed of coal TEs frnmS , - ^P^f^^i^S Jet, which
and is divided nearly in the Tddle bv a thf^In vn. .1 • ^ ^^^^ 8 inches thick,

with pyrites, which! if not "Sty ^xcfllcf^^^^^^
shale charged

spontaneous combustion upon exposure toT/nTrn i
'
,«°°^«times occasions

that mineral disseminated throuXrt ie dist^^^^^^^ ''Tt '""^''^ ^«

termed ' pyritiferous
;

InattentL on Z^^'of^, workS'irf8
7^^

•

^T'^'-^'^a large quantity of this pyritous matter to accumulate in the rt ^P.. h
'°

neous combustion, which was extinguished oX by excS ^^^^^^^
coal-pit was closed in and remained Snworked Vlr^ y^^s^ tL7 ''

'^f'f'again in the pit in 1827. ^res broke out
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tliough loss tonncious than tlint mineral
; and, wlien burnt, oxlialing but sliglitly tho

vegetable odour so peculiar to all impcrfoetly-bituniiniscd fiubstiincos. The fossil
remains of shells and plants prove tlie Brora coal to bo analogous to that of theeastorn
moorlands of Yorkshire, although the extraordinary thickness of tho former, com.
pared with any similar deposit of the latter (which never exceeds from 12 to 17
inches), might have formerly lod to tho belief tiiat it was a detached and anomalous
deposit of true coal, rather than a lignite of any of the formations above tho New Rod
Sandstone

: such misconception might more easily arise in the infancy of geology,
when tho strata were not identified by their fossil organic remains.
Tho bods of coal at Brora have been recently (1873) opened up more thoroughly

for tho Duke of Sutherland, with a view to supplying tlie district with fuel. The
latest report, August 1873, says :— ' The output of coal at the Duke of Sutherland's
colliery at Brora is as yet small, but it is very satisfactory as regards quality and in

tho promise of quantity. In tho soam which is at present being worked there is a
narrow band about three inches thick, which is somewhat sulphurous ; but this can
easily be chipped off and detached. From various causes, it is at present inconvenient
to supply tho public with coals at tho pit mouth, and duo notice will be given when
tho workings are in such a condition as to admit of tho public being freely supplied.

A few weeks ago a 6 -ton truck of Brora coal was sent south to Inverness ; and coal

has also boon supplied from the mine to the inhabitants of Laing and the eastern

districts of Sutherlandshiro at about 1^. and in some cases rather less, per ton. This is

only about half the price paid for coal from tho south. The Duke of Sutherland's

lime-kilns at Laing are now almost constantly supplied from tho Brora mine. When
the new seam is opened up and worked, it is expected that tho supply will be both

regular and plentiful.' This expectation does not appear to have been realised (1874).

For description of the oolitic coals of Scotland, see Mr. J. Judd's paper on ' The
Secondary Eocks of Scotland,' in ' Quart. Journ. Geol. Soc.', Lond. xxix. 1873, p. 97.

On the coast of Yorkshire the strata of a similar formation appear in tho

following descending order, from Filey Bay to Whitby:— 1. Coral-rag. 2. Calca-

reous grit. 3. Shale, with fossils of the Orford clay. 4. Kelloway rock (swelling

out into an important arenaceous formation). 5. Cornbrash. 6. Coaly grit of Smith.

7. Pierstone (according to Mr. Smith, the equivalent of the great oolite). 8. Sand-

stone and shale, ^'xth. peculiar plants and various seams of coal, 9. A bed with fossils

of the inferior oolite. 10. Marl-stone ? 11. Alum-shale or lias. All the above strata

are identified by abundant organic remains.

The most complete and simplest form of a coal-field is the entire basin-shape,

which we find in some instances without a dislocation. An example of this is to be

seen at Blairengone, in the county of Perth, immediately adjoining the western

boundary of Clackmannanshire, as represented in fig. 467, where the outer elliptical

467 470

line marked a, n, c, d, represents tho crop, outburst, or basset edge of tho lower

eoairS inner dli'ptic^l lino represents the crop
^^-^J;% IhftraT^^^^

coal Fia. 468 is the longitudinal section of the hne A n ; and fig. 469, tho trans\ erso

seSon of the ine c B. AH tho accompanying coal-strata partoko of the sameW
Tnd TarailelSm. These basins are generally elliptical, --^t"^.

"^l^d r^nd
but ire often very eccentric, being much greater :n

^^^/^ "^^/^^^^^^^

frequently one side of the basin on the short diameter '"^

.""^^,^f4'J„"
the other! which circumstance throws the trough or lower

^^^^^^-^^^^^

much nearer to the one side than to tho other. I'rom this view of one entire basin, it
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19 evident that the dip of the coal-strata belonging to it runs in opposite directions,

on the opposite sides, and tliat all the strata regularly crop out, and meet the alluvial

cover in every point of the circumferential space, like the edges of a nest of common
basins. The waving line marks the river Devon.

It is from this basin shape that all the other coal-fields are formed, which are seg-
ments of a basin produced by slips, dikes, or dislocations of the strata. If the coal

(Jiff. 467) were dislocated by two slips b c and d e, the slip b c throwing the strata
dowh to the east, and the slip d e throwing them as mucli up in the same direction the
outcrops of the coals would be found in the form represented 'in fig. 470, of which
fig. 471 is the section in the line A b, and fig. 472 the section in the line c d.

The absolute shape of the coal-fields in Great Britain has been ascertained with
surprising precision. To whatever deptli a coal-mine is drained of its water, from
that depth it is worked, up to the rise of the water-level line, and each miner con-
tinues to advance his room or working-place, till his seam of coal meets the alluvial
cover of the outcrop, or is cut off by a dislocation of the strata. In this way the
miner travels in succession over every point of his field, and can portray its basin-
shape most minutely.

Fig. 473 represents a horizontal plan of the Clackmannanshire coal-field, as if the
strata at the outcrop all around were denuded of the alluvial cover. Only two of the
concentric beds, or of their edges a, a, are
represented, to avoid perplexity. It is to be
remembered, however, that all the series of
attendant strata lie parallel to the above
line. This plan shows the OchiU mountains,
with the north coal-fields, of an oblong ellip-

tical shape, the side of the basin next the
mountains being precipitous, as if upheaved
by the eruptive trap-rocks ; while the south. East/
the east, and the west edges of the basin \
shelve out at a great distance from the lower Great
part of the concavity or trough, as miners
call it. Thus the alternate beds of coal,
shale, and sandstone, all nearly concentric in
the north coal-field, dip inwards from all
sides towards the central area of the trough.
The middle coal-field of this district, how-
ever, which is formed by the great north
slip, is merely the segment of an elliptical
basin, where the strata dip in every direction
to the middle or the axis marked with the letter x

;
being the deepest part of tlie

segment. The south coal-field, formed by the great south slip, is likewise the seo--
ment of another elliptical basin, similar in all respects to the middle coal-field
Jieyond the outcrop of the coals and subordinate strata of the south coal-fields, the
counter dip of the strata takes place, producing the mantle-shaped form ; whence the
coal-strata m the Dunmore field, in Stirlingshire, lie in a direction contrary to those

I- •

<=°^^-^^^^ 0^ Clackmannanshire, o, are the Ochill mountains.

*V
''^ery interesting section of the main coal-basin of Clackmannanshire

as given by Mr. Bald in the Wernerian Society's Memoirs, vol. iii. Here we see itbroken into three subordinate coal-fields, formed by two great faults or dislocations of

West

the Strata; but independently of these fractures across the whole scries, the stratacontinue qmte regu ar m their respective alternations, and preserve near y unchangedtheir angle of incbna ion to the horizon. The section shows the south cSal-Sdipping northerly till it is cut across by the great south slip which cSlocates thecoa and the parallel strata to the enormous Extent of 1,230 feet byXh all thecoals have been thrown up not simply to the day, but aW not found agat t 1 weadvance nearly a mile northward, on the line of the dip, where the identiSl sofm«Tfcoal, shale, &c.. are observed onco more with their rej^tlar inclination Th e^oaL
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of tho middle area dip regularly northward till interrupted by the great nortli slip v.which dislocates tlie stratii, and throws them up 700 feet ; that is to say, a line pro-
longed in tho direction of any one well-known seam, will run 700 feet above tlio Hue
ot the same seam as it emerges aftor the middle slip. Immediately adjoining tho
north slip, the coals and coal-field resume their course, and dip regularly northward,
ruuning tlu-ough a longer range than either of tho other two members of tlie basin,
till they arrive at the valley of the Devon, at the foot of tho Ochill mountains, where
they form a concave curvature, or trough a, and thence rise rapidly in an almost
vertical direction at b. Here the coals, with all their associated straUi, assume con-
formity and parallelism with the face of tho syonitic-greenstone strata of tho Ochill
mountains c, being raised to the high angle of 73 degrees Avith tho horizon. The
coal-seams thus upheaved, are called edge-Tnetals by the miners.

In this remarkable coal-field, which has been accurately explored by pitting and
boring to the depth of 703 feet, there are no fewer than 142 beds, or distinct strata of

^rg coal, shale, and sandstone, &c,, variously alternating, an idea of which may
be had by inspecting Jig. 478. Among these are 24 beds of coal, whicii
would constitute an aggregate thickness of 59 feet 4 inches : tho thinnest
seam of coal being 2 inches and the thickest 9 feet. The strata of this

section contain numerous varieties of sandstone, slate-clay, bituminous shale,

indurated clay, or fire-clay, and clay ironstone. Neither trap-rock nor lime-

stone is found in connection with the workable coals ; but an immense bed
of greenstone, named Abbey Craig, occurs in the western boundary of

Clackmannanshire, under which lie regular strata of slate-clay, sandstone,

thin beds of limestone, and large spheroidal masses of clay ironstone, with a
mixture of lime.

' With regard to slips in coal-fields,' says Mr. Bald, ' we find that there is

a general law connected with them as to the position of the dislocated strata,

which is this :—When a slip is met with in the course of working the mines
—if when looking to it, the vertical line ot the slip or fissure, it forms an
acute angle with the line of the pavement upon which the observer stands,

we are certain that the strata are dislocated downwards upon the other side

of the fissure. On the contrary, if the angle formed by the two lines above

mentioned is obtuse, we are certain that the strata are dislocated or thrown

upwards upon the other side of the fissure. When the angle is 90°, or a right

^^f^ angle, it is altogether uncertain whether the dislocation throws up or

down on the opposite side of the slip. When dikes intercept tlie

strata, they generally only separate the strata the width of the dike,

without any dislocation, either up or down ; so that if a coal is inter-

cepted by a dike, it is found again by running a mine directly

forward, corresponding to the angle or inclination of the coal

with the horizon.'

—

Wernerian Society's Memoirs, vol. iii. p. 133.

The Johnstone coal-field, in Eenfrowshire, is both singular and

interesting. The upper stratum of rock is a mass of compact

greenstone or trap, above 100 feet in thickness, not at all in a

conformable position "with the coal strata, but overlying; next

tliere are a few fathoms of soft sandstone and slate-clay, alternat-

ing, and tmcommonly soft. Beneath these beds, there are no

fewer than 10 seams of coal, lying on each other, with a few

divisions of dark indurated clay. These coal-seams have an

aggregate thickness of no less than 100 feet; a mass of com-

bustible matter, in the form of coal, unparalleled for its accumu-

lation in so narrow a space. The greater part of this field contains

only 5 beds of coal; but at the place where the section shown

mjiq. 479 is taken, these 5 coals seem to have been overlapped ormado to sUde oyer

each other by ^aolence. This structure is represented in Jig, 480. which is a section

of the Quarrelton coil in the Johnstone field, showing the overlapped coal and tho

double coal, with the thick.bed of greenstone, overlying the coal-field.

Fiq. 481 is intended to represent an extensive district of country, contaimng a

great coal-basin, divided into numerous subordinate coal-fields by dislocations, iho

Hues marked b are slips, or faults ; the broad lines marked _c denote fikesJhe tormer

dislocate the strata, a£d change their level, while dikes di^om f̂ ^^^^^^^^^^^^^^^^^^

but do not in general affect their elevation The parallel lines maiked a represent

two seams of coal, variously heaved up and down by '^o.
^^^f^;. ^^^-^Si^n In this

seen to pass through the strata without altering t^eir relative positio^^^^

mannerpartial coal-fields are distributed o^ej^ ^^e area of country
^^^^^^

Fig. 482 is an instance of a convex coal-field exhibited
'^^^.^f^ff

'

Castle-hill, close to the town of Dudley. 1. 1, are limestone strat.1, 2, 2. are coal.
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Through this hill canals have been cut, for worldng the immense beds of carboniferous
limestone. These occur in the lower series of the strata of the coal-field, and therefore
at a distance of many miles from the Castle-hill, beyond the outcrop of all the workable

480

t'
^j"^^^ ^- Position of greenstone, not ascertained

b. Bed of trap or greenstone. /. Strata in which no coals have been found
c. Alternating coal strata. g. The overlapped coal.
d. Coal-seams. h. The double coal.

coals in the proper basin-shaped part of the field ; but by this apparently inverted •

basin-form, these limestone beds are elevated far above the level of the general surface
of the country, and consequently above the level of all the coals. We must regard
this seeming inversion as resulting from
the approximation of two coal-basins, 481
separated by the basset edges of their
mountain limestone repository.

Fig. 483 is a vertical section of the
Dudley coal-basin, the upper coal-bed
of which has the astonishing thickness
of 30 feet; and this mass extends 7
miles in length, and 4 in breadth.
Coal-seams 5 or 6 feet thick are called
thin in that district.

For a satisfactory description of the
coal-field of South Staflfbrdshire, the
reader is referred to a memoir, ' On the
Geology of the South Staffordshire Coal-
field,' by J. Beete Jukes, published in
the ' Eecords of the School of
Mines.'

It is not possible in the
present work to enter into
any further description of
the coal-fields of this country.
In the selections wliich have
been made, striking types
have been chosen, which are
sufiiciently characteristic to
serve the purposes of general
illustration. There are many
variations from the condi-
tions which have been de-
scribed, but these are due
to disturbances which have
taken place either since the
formation of the coal, or
during the period of the
actual deposition of the coai.

JhLrSeftf^^^^^^^^^^ Of late, been invested

that coal has been discovered
'""^ ''^'^^^ ^^^^ the announcement

the'lS^^^i-St^?^^^^^^
mass of sand tnd shingle, lading Sre • a seam^f S«T'

^^^hitecliff Bay of its usual
the cliff down to low-laterm^rk and how faTbevond '".^ ^^^^ ^'^^'^ °^
The seam was alleged to be from six trslven feer^l ^«
the fishermen and others to a depth of siSt Sth^ft '«n •

^^}^^'' out by
«eam rather widening as it deepened The cSwa/Z exhaustion, the
ordinary kind, and bifrning well.' Th^ existence of c^^^^^^^^^

resembling the
fact by no means unknown, though it has been in a
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6 visit mado to the island in 1860 Professor Eamsayand Mr. H. W. Bristow observed
certain beds of a coal on the west side of the island, in Alum Bay.

Tiieso coal-seams at Alum Bay are found in tiie liracklesham beds of the Middle
Bagshot series, appertaining therefore to the Middle Eocene Tertiaries. Tlio formation

reappears at the opposite extremity of the Isle of Wight, namely, at WhitecliflF Bay
near Undorcliff, the spot already mentioned. But the existence of tlie coal-seams at

the latter spot was not detected by tlio Geological Survey until very lately, when the

seams in question wore observed by Mr. Penning, in company with a miner from the

Forest of Dean, named Richard Gibbs. The seams were apparently of greater

width than those at Alum Bay, although a thickness of seven feet could not be mado
out unless it were by adding several contiguous seams together. The discovery was

communicated to Mr. Bristow, who thus describes them :

—

' The strata comprised between the well-known glasshouse sands at the base of

Headon Hill and the pipe-clay-boaring sands and clays overlying the London Clay,

and grouped together by Mr. Joshua Trimmer as the Middle Bagshot series, were sub-

divided by him into Barton Clay and Bracklcsham Beds.

.
' The latter are represented in Alum Bay by clays and marls in the lower part, and

by white, yellow, and crimson sands above. The lower beds are remarkable for the

quantity of vegetable matter contained in them, not, however, in the shape of leaves,

as is the case in some of the Lower Bagshot Beds, but in the form of lignite, constitut-

ing solid beds from fifteen inches to two feet three inches thick. Four of these beds,

when fully displaced, constitute conspicuous objects in the cliff, where they project out

of the softer strata, and on the shore, from their black and coal-like appearance.

' These beds of coal were recently more than usually well displayed in consequence

of the prevalence of long-continued wet weather having worn away the soft interven-

ing strata in which they are imbedded. On examining them during a brief visit

made to the Island, in company with Professor Eamsay, during the autumn of 1860,

it appeared evident that the beds in question occur more in the manner of ordinary

coal than of mere lignite. Like true coal, each bed was based upon a stratum of clay,

containing, apparently, the rootlets of plants, as in the underclay of the true coal-

measures. The underclays, which occur beneath each bed of coal of carboniferous date,

having been the soil which supported the vegetation which, by_ certain chemical

changes, became subsequently mineralised and converted into coal, it is reasonable to

infer from the presence of similar underclays beneath the coal in the Bracklesham

Beds at Alum Bay, that the plants out of which it was formed grew on the spot, and

were not drifted from elsewhere and deposited afterwards in the places where they

are now found, as was undoubtedly the case with regard to the vegetable remains

contained in the pipe-clay beds of the Lower Bagshot series.'
_

The following section of the Bracklesham beds in Alum Bay, as given by

Mr. Bristow, in his ' Memoir on the Geology of the Isle of AVight,' wiU show the true

position occupied by those lignite beds in the series (in ascending order) :—

Dark chocolate-coloured marls and carbonaceous clay, with much ft. in.

Lignite and Gypsum ' .'
^

" it. 111.

Clays and marls . . • • • • ' ^\ \
Lignite band \ \
Clays and marls

\ \
Lignite band

r (\

Clays and marls
o i

I

Lignite hand "

9 in. to 10- Clays and marls * ^

Lignite band . . • •
•

Clays and marls ^
"

39 6

mitish marl clay . . • • 'Ji. fi,!

Sands (principally white), light tawny yellow m the upper part
,
the

^
lower three feet crimson . • • • 1. i » "

i a
Conglomerateofroundedflintpebblesc6mentedbyoxideofironlft.to 1 6

111 0
I

out, and the coal of Brora is not very dissimilar in
e^J^^l'^^i^^^f'^i^h some ap-

The coal of the Wealden strata is
g^^^^^^^^^^

preaches very closely to the character ot a true coai.
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coal, it appears to belong to tlie lowest stratum of tlie Hastings sands, kno-wn as tho
Ashburnham beds, wliich have never yet been fully explored. They rarely crop out
to the surface, and would be less known than they arc were it not that they are occa-
sionally laid bare by water-courses, and are at times exposed at tho base of cliffs when
the sea makes deeper inroads than usual. It was this same kind of coal which gave
60 great a zest, at the beginning of the present century, to the costly speculation at
Bexhill, near Hastings. In a boring near the seashore ' smut coal,' three feet thick is
reported to have been found at the depth of 30 yards ; ' strong coal,' two feet thick
at a depth of rather more than 50 yards ; and sulphureous coal of bad quality, more
than four feet thick, at a further depth. Being very near the sea the salt' water
percolated into the boring, and although a powerful steam-engine was employed, the
exploration at that spot had to be abandoned. Another attempt was made further
inland, on Bexhill Down

; but coal does not seem to have been found in this second
effort, and after a large outlay—ruinous to the principal adventurer—the attempt was
abandoned. The Bexhill coal, there is reason to believe, belonged to an upthrow of
the Ashburnham beds.

The question of the existence ofcoal in our Southern Counties was carefully examined
by the Eoyal Coal Commission. Several witnesses, more especially Mr. Godwin Austen
and Mr. Prestwich, were examined, and the reports of their evidence are full of interest.

_
The following is the general purport of the report made to the Eoyal Coal Commis-

sion by Mr. Prestwich on the probabilities of finding coal in the South of England.
'About two centiu'ies ago the Belgian coal-field was found to extend, beneath the

newer formation on the frontiers, into Prance as far as Valenciennes. An uninter-
rupted chalk district extended northward, and the coal-measures were supposed to bo
lost. But at a later period valuable coal was found to exist at Anjin. This led to
liirther search, and the coal-measures have been gradually followed in a western
direction under the chalk to within thirty miles of Calais. Looking at these facts,
and reasoning on theoretical considerations connected with the formation of coal in
the west of Europe, Mr. Godwin Austen concluded that coal-measures might possibly
extend beneath the south-eastern part of England. He showed that the coal-measures
which thin out under the chalk near Therouanne probably set in again near Calais,and are prolonged m the line of the Thames VaUey, paraUel with the North Downsand continuing thence under the Valley of the Kennet extend to the Bath and
Bristol coal area He showed, upon theoretical grounds, that the coal-measures of a
large portion of England, Prance, and Belgium were once continuous, and that thepresent coal-fields were merely fragments of the great original deposit preserved in

tie I'u n
supported by many eminent geologists who gave evidence

before the Commission; but they have been controverted by Sir Eoderick Muxchison,

W.T.r } '° consequence of the extension of Silurian and Cambrian rocks

of defudS?nrXITl'''''r^-^^^ ^°g^^^^' ^°<i «^ the great amount

nf •

^he carboniferous rocks had undergone over the area of the South

eSr.^ t'^^/i^POSition of the secondary formations, little coal could beX Sr TrestWr.J'
Cretaceous rocks. Upon a general review of the whole

Sen ^di^ufT^
adop s, with slight variations, the views of Mr. GodwinAusten, and IS led to the conclusion that there is the highest probability ofalaree

Sair K '°fw?r't' f^^^^^g
^^-^^^ Secondaiy ?ocks of he South ff

foOO to 1 2?0
that the thickness of these overlying rocks is not likely to exceed

1,000 to_ 1,200 feet, and considers that there is reason to infer that the underground
^ a breadth of two to eight mUes-limits within which are confined the rich and valuable coal-measures of Belg^^ '

nn^L «n' r^ "^71 't' t«li«vi°g i° the existencTof coal

bit?t a de^?h'of 5'?' ^.T^^P'; ^^'^^^ ^^j^'^^'^t parts of the Bristol Channel

coal b«tif?n t].f^
less than 1,500 to 2,000 feet, and mentions also a small newcoal basin in the Severn valley, near New Passage -

nnfl-nw the unexplored area of the South of England is stiU a
^ Tt 1,? • ^° '

• °°T(1873)
being made to settle this important question

tolni if
°° ^\the parish of Netherfield, near Battle, isSuedto accomplish something more than a mere exploration of the Wealden strata In

delT V '^ i"^^?'^^"^
the Primary rocks, an expSL which was

diC^f fTf''^^
geologists, but which is now viewed in a vTry

bpfw2 ^P^"^°r has shown than all the strata which probably i^t™between one formation and another do not invariably occur. Several members of ?hnBenes may be absent, and we may experience a kind of plu;ge frZ uiTZ secondarSrocksinto those of the primary order. This is the probabilfty Xch rcou^aies tS
tlt'Ti'l °- '^fT''--

A«h"am beds have been • pirced.' and ?t S^ arsthat the boring tool is m some lower stratum. This mav bo so • bi t tZ l^EF 1
this Netherfield boring is not very clear, the depth o?SeISng J now Sove^'ao'o

3 u 2
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feet. A bed of gypsum has been found, which is altogether about thirty feet in thick-
ness, sometimes^ iu thick masses, at other times nodular and irregular. This is an
important addition to the Purbeck series of Sussex. Nearer the surface, limestone has
been found, said to bo available both for burning and building purposes. It is de-
sirable to know whether the Palaeozoic rocks are really as near the surface in the
south-oast of England as some goolo^sts have supposed. The sub-Wealden explorers

do not now profess to be actually in search of coal, but, without doubt, they would be
glad if their enterprise should lead the way to a discovery of this kind.
From the Eeport of the Royal Coal Commission the following Table is taken

:

ehowing, according to their careful computation, the

—

Quantities op Coal in jcnown Coal-fields.

'Adopting 4,000 feet as the limit of practicable depth in working, and accepting the

estimate of each Commissioner for the waste and loss incident to working the coal in

the district assigned to him, we now present the following estimate of the quantities

of available coal contained in the several districts which together comprise the coal-

fields above eniunerated :

—

Summary of EesuUs of Eeports as to Quantities of Coal wovTced and unworked in

certain districts.

Commissioner and
Number on his

Keport
No.

1. Mr. Vivian
2. Mr. Clark
5). Mr. Dickinson

10. Mr. Prestwich.
9. Mr. Woodhouse
8. Mr. Hartley

Do.

Do.
9. Mr. Woodhouse

11. Mr. Dickinson
Do.

7. Mr. EUiot
6. Mr. Dickinson
9. Mr. Woodhouse

Do.
4. Mr. Forster
5. Mr. EUiot
4. Mr. Forster

12. Mr. Geddes
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

13. ProfessorJukes,
Commissioner
{deceased), and
Mr. Hull
Do.
Do.
Do.
Do.
Do.

2
3
4
5

6

7

8
9

10
11
12
13
14

[u{
16

17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32

33

34
35
36
37
38

Name of Coal-field

Amount of Coal in
Statute Tons to

depths not exceed-
ing 4,000 ft., and
aficr the neces-
sary deductions

South Wales .

Forest of Dean .

Bristol

WarwicksHi'e .

South StafEordshire .

Coalbrook Dale and FO'

rest of Wyre
CleeHiUs .

Leicestershire .

North Wales
Anglesey .

North StafEordshire .
_

.

Lancashire and Cheshire .

Midland . . . .

Black Burton .

Northumberland and

)

Durham . . J

Cumberland

Scotland.
Edinburgh
Lanarkshire
Fifeshire .

Ayrshire .

East Lothian .

Frith of Forth .

Dumfriesshire .

West Lothian .

PerthsWre

.

Stirlingshire
Clackmannanshire
Dumbartonshire
Renfrewshire .

Argyleshire
Sutherlandshire
Eoxburghshire .

Ireland.
Ballycastle (Antrim Co.)

Tyrone
Leinster (Queen's Co.)

Tipperai-y .

Munster (Clare, &c.)

Connaught

Amount of Coal in

Statute Tons in

depth exceeding
4,000 ft., and after

the necessary
deductions

32,456,208,913

265,000,000

4,218,970,762

458,652,714

1,906,119,768

836,799,734

2,005,000,000
5,000,000

3,825,488,105

5,546,000,000

18,172,071,433

70,964,011

10,036,660,230

405,203,792

2,153,703,360
2,044,090,216

1,098,402,895

1,785,397,089
86,849,880

1,800,000,000
358,173,995
127,621,800
109,895,040

106,475,430

87,563,494

48,618,320

25,881,285
7,223,120

3,500,000

70,000

16,000,000

6,300,000

77,580,000

25,000,000
20,000,000

10,800,000

Total

Totals of Coal la
Statute Tons in
each Coal-field

after the
necessary
deductions

4,109,987,004

Nil.

1,885,340,220
Nil.

1,000,785,488

90,000,000

234,728,010
NU.

36,566,195,917

265,000,000

0,104,310,982

458,652,714

1,906,119,768

836,799,734

2,005,000,000

5,000,000

4,826,273,593

5,630,000,000

18,406,799,443

70,964,011

10,036,660,236

405,203,792

2,153,703,360

2,044,090,216
1,098,402,895

1,785,397,089

86,849,880

1,800,000,000
358,173,995

127,621,800

109,895,040

106,475,436

87,563,494

48,618,320

25,881,285
7,223,120

3,500,000

70,000

16,000,000

c,300.non

77,580,000
25,000.000

20,000,000

10,800,000

90,207,285,398 |

7,320,810,722 97,528,1-26,210

NOTE-It was an instruction to the Commi.ionei. to -hom tUc^ to exclude

from their returns all beds of conl of less than i tooi
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From the same Koport the following remarks on the duration of coal in these islands

IS
f^,^^^°^^ggjQjjgj.g_ before proceeding to investigate the question of the duration

of this quantity, based upon increasing consumption, tliink it useful to state the rela-

tion which 146,480,000,000 of tons bear to our present consumption, estimated at

115 000 000 per annum, in order that the vast magnitude of our stores of coal may be

better appreciated. Thus we find that 146,480,000,000 of tons will support our pre-

sent production for 1,273 years; the same quantity would support an annual production

of 146,000,000 for 1,000 years; of 175,000,000 for 837 years; and of 230,000,000,

being double our present production, for 636 years.

'The question of the duration of the total available quantity turns, therefore,

chiefly upon the statistics of consumption contained in the Eeport of Committee E
(which was the sole labour of the Editor of this Dictionary), from which the following

facts are collected :

—

'In the year 1660, the coal produce of the United Kingdom appears to have been

only about 2,250,000 tons, and 40 years later the increase was only 364,000 tons.

Fifty years after this, or in 1760, the quantity raised in the kingdom had increased to

nearly 5,000,000 tons. In 1800, the quantity exceeded 10,000,000 tons.
_

'About this period the system of canal navigation was rapidly ejctending, and the

result was that coals were gradually finding their way into new districts, by which

means the consumption of coal was greatly increased. In 1816, the production reached

16,000,000 tons according to one statement, and 27,000,000 as given with considerable

probability by another.
' Advancing to a later period, when coal statistics were more carefully collected, it

appears that in 1854 the production of coal was 64,500,000 tons.

' From that period up to, and including, 1869, the progressive increase was exhibited

in a Table which has been completed up to the present time,

' From the following Table (p. 838) it will be seen that the total quantity of coal

raised in this country had reached upwards of 123,000,000 in 1872.
' In attempting to form an opinion as to what the future consumption of coal is

likely to be, it is necessary to consider the question which was referred to Committee

B ;
namely, " Whether there is reason to believe that coal is wasted by carelessness or

neglect of proper appliances for its economical consumption ? " The conclusion arrived

at by this Committee was, that "for some time past in our manufactures there have

been constant and persevering efforts to economise coal, by the application of im-

proved appliances for its consumption." The Committee had reason to believe that
" in some branches of manufacture, the limits of a beneficial economy appeared to have
been nearly reached, and that in other cases a gradual eflFort would continue to ba
made for saving fuel." It may be assumed, therefore, that the progress of economy in

using coal is not likely to operate in future with greater efifect in keeping down the

increase of consumption than it has hitherto done.
' The present consumption of coal for domestic use is generally estimated at one

ton per head of the whole population, and may be assumed to absorb nearly one third

of the entire production. It is probable that this rate per head will continue pretty
constant; because, although more economical methods of using coal in dwellings
may probably be introduced, yet the increasing wealth of the nation will cause coal
to be more liberally used for domestic purposes. The future increase of consump-
tion under this head may, therefore, be expected to coincide with the increase of the
population.

' As regards the future exportation of coal, although a very large increase has
taken place within the period embraced by the preceding Table, yet there is reason to
doubt whether much further increase will take place in this direction. Upon this
point Committee E have reported that the probable development of the enormous
coal-fields of North America, and those of India, China, Japan, and other countries,
and the more effective working of the known coal-fields of Europe, will probably pre-
vent any considerable increase in the future exportation of British coal.

' The large increase which, in recent years, has taken place in the consumption of
coal, has an intimate connection with the introduction and extension of the railway
system, but for several years past the progress of railways has not been exceptionally
great, and yet the consumption of coal has continued to increase with unabated
rapidity.'

'Professor Jevons, in a work "On the Coal Question," which first appeared in 1865,
and which was in a great measure founded upon a previous work by Mr. Hull on the
Coal-fields of Great Britain, estimated that the rate of growth at that period in the
aggregate annual consumption of coal amounted to about three and a half per cent,
per annum, reckoning each annual percentage on the previous year's consumption!
He contended that coal, being the pource of power, and required foy every great
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extension of industry, the consumption of it would keep pace with the progress of

^?H«iSC^hSedtimt a continuance of the same progress in population and pro

ductiye Sis^ wl^d lead to an annual consumption of no less than 2,607,000 000

tons of coal at the end of a century. Upon this assumed rate of increase, the whole

JJTntity of coal which we have reported as available in this country would be ex-

^""^tlmlnlhMr. Jovons's theory has, up to this time, nearly accorded with

observation, yet the results involved in the supposition that the annual percentage of

increase in the consumption of coal ^vill continue unabated for a very lengthened

period are so prodigious that very few persons will be found to accept his theory

without considerable qualifications. ^ . . i.- 4.

'It had been suggested by Mr. Price Williams, who gave great attention to

questions of this kind, that Mr. Jevons's conclusions at all events require modifica-

tion to meet the fact, that although the population of this kingdom has long been

and still is rapidly increasing, yet the rate of its annual growth i^ dimimshmg

•From the year 1811 to 1821, the increase was 16 per cent., while in the last decade,

from 1861 to 1871, it was llf per cent.
, , „ „ . • t, ^

Mr, Price WiUiams constructed a Table, of which the following is an abstract,

tvm is obtained :

—

Year
Population of

Great Britain

Bate of Increase

per 10 years

Diminution of Rate
per cent.

1811

1821

1831

1841

1851
1861

1871

Averag

12,338,573

14,309,989

16,457,596

18,687,537

20,976,532

23,325,305

26,062,721

e diminution of rate foi

15-977

15-008

13-549

12-249

11-197

11-736

• • •

p 10 years .

- 6-065

- 9-721

- 9-595
- 8-588

+ 4-814

-33-969
+ 4-814

5)-29-155

- 5-831

Computing, from this and another Table constructed by Mr. Price WiUiams, the

Commissioners arrived at the following conclusions :

—

The total available coal in the United Kingdom was estimated at 146,480,000,000 of

tons. Then, according to the views entertained, the annual consumption of coal at the

end of a hundred years would be 274,000,000 of tons. A further conclusion was that,

the now estimated quantity of coal available for use would upon this view represent a

consumption of 360 years.

It will of course be observed that, assuming the rate of increased consumption as

above, there would be a nearly corresponding increase in the products of manufac-

turing industry, and the figures representing such an increase would raise questions

as difficult and problematical as those raised by the assumption of a population of

131,000,000 360 years hence.

The Commission then give a calculation founded upon arithmetical instead of

geometrical increase in the rate of consumption of coal, that is to say :—^they discard

the principle of an increase in the nature of a per-centage on the previous quantity,

and simply add a constant quantity equal to the average annual increase of the last

fourteen years, which may be taken at 3,000,000 of tons.

Upon this basis we arrive at the following results, namely, at the end of a

hundred years the consumption would bo 415,000,000 of tons per annum, and the

now estimated quantity of coal available for use would represent a consumption of

276 years.

There was yet another view considered. It was that the population of the whole

country and the consumption of coal per head remained constant or merely oscillated

without advancing. Then our available coal would represent a consumption of

upwards of 1,273 years at the rate of 115,000,000 of tons per annum.

The Commissioners proceed to advert to the large amount of coal excluded firom

our previous estimates on tho ground of excessive depth. The quantity of coal lying
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beneath the Permian and other newer strata at depths exceeding 4,000 feet is com-
puted at upwards of 41,144,000,000, as appears by the following Table :—

Estimate of Quantities of Coal at Depths over 4,000 feet beneath the Permian,
New Red, and other (strata.

Districts
Square
Miles

From 4,000 to
G,000 feet

From 6,000 to
10,000 feet

Total in tons

Between Cannock Chase, Coalbrook Dale,
and the North Staffordshire Coal-field,

under tho New Ecd Marl, &c., of Bc-
cleshall, Stafford, Breowood, and High
Offloy

Southern borders of tho North Btaflord-

Bhire Coal-field

Plains o£ Cheshire, between tho Denbigh-
shire and North Staffordshire Coal-fields

Southern borders of the Lancashire Coal-

field, and the countryaround Manchester
and Stockport

Tho Wirroll, Mersey, and country to the

Total ....

112

75

340

208

108?

tons

3,340,022,400

2,240,040,000

11,850,490,000

6,904,490,007

1,500,000,000

tons

11,850,496,000

8,452,245,333

tons

3,346,022,400

2,240,640,000

23,700,992,000

10,356,736,000

1,500,000,000

843 29,341,649,007 15,302,741,333 41,144,300,400

Of this quantity it will be seen that more than 29,000,000,000 of tons are assumed

to lie at depths of between 4,000 and 6,000 feet, at which latter depth the tempera-

ture of the earth, it is supposed, would be 160° F. The remainder, amounting

to more than 15,000,000,000 of tons, is assumed to lie at depths varying between

6,000 and 10,000 feet, at which maximum depth the temperature of the earth,

according to the prevailing views, would be 215° F., or thiee degrees above the

temperature of boihng water at the sea level. To these quantities are to be added

7,320,000,000 of tons returned as being at greater depths than 4,000 feet within the

area of the known coal-fields. Of this quantity probably 5,922,000,000 of tons lie

between the limits of 4,000 and 6,000 feet in depth, and the remaining 1,397,000,000

of tons between 6,000 and 10,000 feet.

"With these additions the total quantity of coal lying at depths exceeding 4,000 feet

will be a little more than 48,465,000,000 of tons.

It is entirely a matter of conjecture whether any or what portion of this coal can

ever be worked ; but if we were to suppose the whole to become available,^ we should

have to make the following corrections in the number of years' duration given above

as the result of the different modes of viewing the question :

—

1st. The 360 years would be altered to 433 years.

2nd. The 276 years based on an increasing consumption in arithmetical ratio would

be altered to 324 years.

3rd. The 1,273 years computed on the supposition of non-increasing consumption

would be altered to 1,695 years.

Whatever view may be taken of the question of duration of coal, the results will be

subject to contingencies, which cannot in any degree be foreseen. On the one hand, the

rate of consumption may be thrown back to any extent by adverse causes affecting

our national prosperity ; and on the other hand, new discoveries and developments in

new directions may arise to produce a contrary effect upon the consumption of coal.

Every hypothesis must be speculative, but it is certain that if the present rate of in-

crease in the consumption of coal be indefinitely continued, even in an approximate

degree, the progress towards the exhaustion of our coal will be very rapid.
_

The numbers given in the preceding Table (p. 838) are sufficiently consistent with

each other to represent the changes whicli have taken place over a penod of years.

We find the following differences in the number of the collieries m 1858 and 1868 :—

1858 1868

England 2,090 2,268

Wales 360 364

Scotland 417 433

Ireland 40 40

Total 2,907 3,105

•

Tho increase being 198 collieries in the ten years. In 1872 the number of collieries

returned were 3,001. ,. . - i i.,„j„ fU/» r^w^/1....

With the view of showing at a glance the condition of our coal trade, the produc-
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Thefollowing List of Collieries of ike United Kingdom is correctedfrom the Bettima

of the Inspectors of Coal Mines, up to February 1873.

Diatriot

England and Waxes.
Northumberland ard Durham, North "1

Division . . . . . >
Cumberland ....
Durham, South Division

.

Yorkshire ....
Derbyshire ....
Nottinghamshire .

Warwickshire.
Leicestershire

Cheshire ....
Shropshire ....
Staffordshire, North
Staffordshire, South, and Worcester-

shire

Lancashire, North and East, or the
Manchester District .

Lancashire, St. Helen's and Wigan
Flintshire ....
Denbighshire....
Anglesea ....
Gloucestershire

Somersetshire and Devonshire
Monmouthshire
East of Glamorganshire . *

Glamorganshire .

Pembrokeshire .

Caermarthenshire .

Scotland.
Lanarkshire, West Division
Ayrshire

Stirlingshire, West Division
Dimibartonshire . ,

Eenfrewshire...
Argyleshire .

Dumfriesshire
Lanarkshire, East Division
Fifeshire

Clackmannanshire .

Haddingtonshire .

Kincross-shiro

Edinburghshire
Linlithgowshire

Stirlingshire, East Division
Pebblesshire . ,

Perthshire .

Ibbland.
Ulster Coal-field .

Connaught .

Leinster Coal-field

Munster Coal-field

Name of Inspector

Geo. W. Southern, New- 1

castle-on-Tyne . . J
James Willis, Old Elvet, "1

Durham . . . j
Frank N, Wardell, Eother- 1
ham . . . . J

Thomas Evans, Belper . .

}

Thomas Wynne, Stone

James P. Baker, Wolver- "1

hampton . . , j
Joseph Dickinson, Pendle-

ton, Manchester .

Thomas Bell, Liverpool ,

}

Lionel Brough, Clifton, 'I

Bristol. . , . J

Thomas E. Wales, Caer
Bailey, Swansea

Caer

y

William Alexander, Glasgow

Ealph Moore, Glasgow

No Inspector ,

Total for United Kingdom

Number

210

3,001
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tjon in the United Kingdom, sinco 1854 is givon in tho following Table, with the rates
of incroaao and decrease in each year :

—

Years

Tons Toiu) Tons
1854 64,661,401
1865 64,453,070 • .. 208,322
1856 66,645,460 2,192,371

1857 66,394,707 ... 1,250,743

1858 65,008,649 ... 386,058
1859 71,979,765 6,971,116

1860 84,042,698 6,062,933

1861 86,039,214 1,996,516

1862 81,638,338 ... 4,400,876

1863 86,292,215 4,653,877

1864 92,787,873 6,495,668

1865 98,150,687 6,362,714

1866 101,630,544 3,479,957

1867 104,500,480 2,869,936

1868 103,141,157 1,359,323

1869 107,427,557 4,28M00
1870 110,289,722 2,862,165

1871 117,362,028 7,062,306

1872 123,386,735 6,034,707

Tons

The increase in the five years to 1859 was . 7,318,364

„ „ „ 1864 „ . 20,610,108

1869 „ . 14,639,684

Or we have an increase in ten years, that is, from 1859 to 1869, of 35,447,792 tons.

The quantity of coal produced in the years 1854 to 1869, both inclusive, amounts to

1,343,793,705 tons, which added to the quantity estimated as having been produced

before 1859, namely, 2,850,000,000 tons, shows that up to the end of last year, (1872)

we shall have drawn from our original stores of fuel not less than 4,300,000,000 of

tons of coal.

FOEEIGK COAI-FIEIBS.

•We have not yet arrived at the period when we could pronounce with any

approach to certainty on the actual number of coal-basins in the world ;
the total

number must, however, amount to at least from 250 to 300 principal coal-fields, and

many of these are subdivided by the disturbed position of the strata into subordinate

^^The basins or coal areas may be, however, grouped into a comparatively small

number of districts, and even many of these are little known and not at all measured.

The m-eater number occur in Western Europe and Eastern North America, while

Central and Southern Africa, South America, and a large part of Asia, are almost

without any trace of true carboniferous rocks.
o • /• ^i.

The principal coal-fields of Europe, are those of Belgium, France, Spam (in the

Asturias), Germany (on the Ehur and the Saar), Bohemia, Silesia, andKussia (on the

"^"b^gtom —The Belgian coal-field is the most important, and occupies two districts

:

that of Liigo and that of Hainault, the former containing 100,000 and the latter

200 000 acres. In each the number of coal-seams is very considerable, but the beds

are thin and so much disturbed as to require special modes of working. The quality

of coaHs very various, including one peculiar kind, the Plenu coal, unlike any found

in Seat Britain, except at Swansea. It burns rapidly wij much flame and smok^

not giving out an intense heat, and having a somewhat disagreeable smelL There

are n^IJly fifty seams of this coal in the Hons district. No iron has been found with

'VeSumfs fcsed, in a direction from nearly west-south-west to.east-nor^-east.

by a large zone of bituminous coal-formation. Tho entire region is generally de-

scribed under two principal divisions :

—
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1. Tho -weBtern or Hainault division, comprising

a. The two basins known as Levant and Couchant of Mons.

That of Charleroi.

h. The basin of Namur.

2. The eastern or Li^ge division.

The Quantities of Cod of different Qualities raised in Belgium^ from 1859 to 1866.

1859 18G0 lobl 1 Ot*A1004 1865 1866

1.—Houille Malgre,
Lean Coal. Burn-
ing nearly without
flame.
Picked large

Medium .

Small.

Tons

8,399

577,728

92,954

Tons

2,068

624,551

43,897

Tons

3,341

684,083

25,121

Tons

5,260
634,740

38,531

Tons

3,244

682,272
37,385

Tons

1,554

697,585
36,245

Tons

2,058
806,194

39,373

Tons

51,837
721,426
165,447

2.—Houille Stehe,

Dry Coal. Short
Flame.
Large.
Small

.

120,489
538,218

160,944
627,649

149,904

682,147

170,932

660,589

169,547

633,099
178,789
707,093

211,258

726,461
165,883
618,258

3.—Houille Maigre,
Lean Coal. Long
Flame.
Large orMedium
Mediiun Small .

Small.

184,100
327,927

1,377,117

197,607
334,812

1,240,220

82,185
243,979

1,654,979

68,515

205,150

1,465,288

66,964
207,075

1,608,347

48,242
202,502

1,804,834

69,523
186,096

1,946,624

48,709
185,226

2,140,596

4.—^HouUle Grasse,

Pat Coal. Long
Flame.
Large

.

Small or Coke .

295,486

3,617,618

334,097

3,856,495

312,503

4,014,090

387,690

3,913,208

452,612
3,992,559

484,012
4,321,210

545,929
4,404,922

499,244
4,289,365

5.—Houille Grasse
Marfechale,Smiths'
Coal.
Large

.

Small or Coke .

44,184

1,808,072

48,832
1,978,094

40,258

1,984,977

43,812
2,164,505

41,329
2,269,204

39,709

2,486,385
60,568

2,649,978
49,806

3,611,238

' The Coal of Belgium is divided commercially into the following qualities :

—

Maigre, Lean Coal

;

Siche, Dry Coal ; and Orasse, Fat Coal. These kinds are again divided into Oros, picked large coal

;

Tout Venant, the remainder after the selection of the Oros, equivalent to ' through and through' coal

;

Gaillette, smaller than the Oros, but not less than six inches square ; Menu, coal which passes through
a sieve with li-inoh meshes ; Oailletterie, the coal which remains after the separation of the Gaillette
and Menu,

Nethf.rt.ands.—There is only one coal-mine in Holland. It is situated in the
province of Limburg.
Feance.—The most important coal-fields of France are those of the basin of Loire

and those of St.-Etienne, which are the best known and largest, comprising about 60,000
acres. In this basin are eighteen beds of bituminous coal, and in the immediate
neighbourhood several smaller basins containing anthracite. Other valuable localities
are in Alsace,

_
several in Burgundy worked by very deep pits, and of considerable

extent
;
some in Auvergne with coal of various qualities ; some in Languedoc and

Provence with good coal; others at Aveyron ; others at Limosin; and some in
Normandy. Besides these, there are several others of smaller dimensions and less
extent, whose resources have not yet been developed. The total area of coal in France
has not been ascertained, but is probably not less than 2,000 square miles. Tho
annual production in 1865, exceeded 11,000,000 tons. But the coal of France is of
an inferior description

; and, therefore, when good and strong coals are required tho
supply is obtained from the English coal-fields. The mineral combustibles of France
were estimated in 1864 by the Government engineers as follow:

—

Anthracites 8(^,000
Hard coal—short flame

Forging coal

Bituminous coal—long flame

Soft coal—long flame .

Lignites ....
1,400,000

600,000

4,000,000

3,000,000

200,000

Total 10,000,000
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The Bate qf Increase in the Troduction of Coal from the French Coal-Jields has been at

follows, to the end of 1867 :

—

IncToaso Dccreaso Another Ileturn gives

Tons Tons Tons Tons
! 1847 5,065,109 1,047,234 6,061,183

1848 ( 4,017,875 40,531 3,928,996
1849 3,977,344 3,976,910
1850 4,354,840 377,496 4,354,396

1851 4,404,941 50,101 4,404,943

1852 4,816,306 411,365 4,816,355

1853 5,831,939 1,015,633

1854 6,709,535 877,596 ...

1856 7,317,226 607,691 ...

1856 7,784,165 466,939 28,178 The details of tho return for

1857 7,755,987 534,720 1852 being-
1858 7,221,267 ... • • • Loire . . . 1,609,912

1859 7,337,326 116,059 ... Nord . . . 1,053,687

1 OOKJ 8 1 /jA 3<)4. 818 068 So^ne-et-Loire . 618,629

1861 9,125,040 969,646 Gard . . . 379,114

1862 10,102,116 977,076 Allier . . . 251,892

1863 10,518,406 416,290 Aveyron , . 179,560

1864 11,046,794 628,388 Sarthe-et-Mayenno 111,442

1865 11,098,258 51,464 Bouches du Khono 103,616

1866 11,785,714 687,456 • • 9

1867 12,148,223 372,509

The following Table will place the whole question of the coal consumption in France

in a more satisfactory light :

—

Production, Importation, and Consumption of Coal of all kinds in Francefrom
1787 to 1866.

Quantities of Coal imported into France from

Years

Production
of Coal
in Franco
since 1787

Belgium

'

Prussia
and

Bavaria'

Great
Britain

Total
Imports

Difference
between
Imports
and

Exports ^

Total
Consump-
tion in

France

1787
1788
1789
1803
1811
1816
1821
1826
1831
1836
1841
1846
1851
1856
1861
1862
1863
1864
1865
1866

tons
211,160
220,982
235,714
829,105
759,878
924,823

1,114,448

1,513,482

1,728,950

2,789,858

8,349,303

4,389,532
4,404,940

7,337,741

9,227,710

10,133,148
10,516,752

11,001,249
11,785,714

11,807,142

tons
49,107
50,893
49,107

86,428
93,303

267,206
247,305
403,278
435,628
703,088
974,607

1,326,095

1,989,811

2,995,619

3,503,028

3,619,687

3,648,945

3,945,916

4,139,144

4,070,057

tons
9,821

11,785
9,821

17,678

24,553
28,973

41,823
66,428
67,694

111,853
192,993
224,326
292,875
937,400

1,259,116

1,106,069

1,136,496

1,264,666

1,261,867

1,985,622

tons
154,568
181,474
176,785

9,821

18,719
26,041
86,237
35,270

166,482
422,272
600,384
591,377

1,038,605

1,413,323
1,379,832

1,273,446

1,258,051

1,443,040

1,674,164

1

tons
213,496
244,152

235,713
113,927
117,856
314,898
315,169
495,943
638,592
981,423

1,589,772

2,150,805

2,874,063

4 971,624

6,175,467
6,105,588

6,058,887

6,468,633

6,844,050

7,730,343

tons
136,117
212,724
206,250
89,375

88,392

285,135
242,715
492,310
531,674

955,634
1,550,590

2,101,336

2,840,160

4,881,743
6,900,007

6,850,331

6,701,437

6,177,865

6,623,650

7,482,811

tons
347,277
433,706
441,954
918,480

848,270

1,209,960

1,357,163

2,005,792
2,260,624

3,745,492

4,399,893

6,490,868

7,245,100

12,219,484
15,127,717

15,983,979

16,218,189
17,179,114

18,409,364

19,269,453

« From Hons, Charleroi, Namur, Liige, , „^ . . „
' Prom SaarbrUck and St.-Imbert, P'^saa and Ehemsh

Minirale,' which is issued in
= This Table has been compiled from the ' Statistiquo de 1 Indnstno J^'"^™,;,,.^

Works but has
Fran« about every five years by the Minister of Agricumire Commerce and Public Works,

not appeared since 1867, and then the returns were to the end of 1864 only.

Tho motrioal quintal of the original tables is taken at 220 lbs, avoirdupois, ana wns

2,240 lbs.
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Coal Phodtjctiok in cebtain Depabtments of Fhance for Five Years.

VAvcyron (cn quintaux mitriqiics).

Places 18G8 1869 1870 1871 1872

Bassin d'Anbin
Decazeville

:

Lacaze
Finny
Serons
Lassale

Aubin :

Les Fissards ....
Cransac
Campagnac ....
Eulhe
Latapie
Bouqnite
Nigrin
Anzits

Bassin de Ehodez . .

Bassia de Milhau

q. m.

146,283

627,025

1,400,138

274,669

91,490

570,450
1,199,290
464,824
285,477

136,013
42,417

' q. m.

103,349
777,660

1,869,770

362,791

87,930

657,000

1,096,650
548,010
226,478

132,305

39,016

q. m.

1,106,830
693,487

1,268,816
with Lacaze

50,650
553,250

1,135,160
564,646
149,255

142,391

34,784

q. m.

498,132
696,746
996,264
096,264

81,200
497,440

1,224,640
587,092
117,480

119,404
44,862

q. m.

3,154,9-11

606,692

with Lnciize

ditto

92,714
477,810

1,123,110
728,7:i2

l'J4,08J

133,129

44,862

Total . 5,235,076 5,962,959 6,699,260 6,759,584 6,486,078

Saone-et-Loire.

Places 1868 1869 1870 1871

Grand-Moloy

ChapeUe-sons-Dim
Saint-Laurente en Brionnais

q. m.
4,113,401-75

803,167-60
276,159-03
13,712-90

207,458-65

2,365,140-31

1,496,946-35

239,037-50

6,480-40

• •

q. m.
6,003,834-65

728,097-25

298,213-70

265,713-40

2,236,842-66

1,361,336-25

284,408-30

q. m.
4,844,582'23

696,477-25

230,299-85

218,237-50

1,807,681-71

1,293,942-30

10,664*10

173,046

30,433

q. m,
4,684,143-96
793,610'16

264,520

189,290-76

1,759,287-01

1,101,535-40

24,200-33

142,749
62,428

Total . 9,823,601-51 10,378,447-44 9,287,363-94 8,914,773-62

Les quantit^s sont exprim^es en quintaux m6triques k raison de 85 kil. par hectolitres.

Bepartement de VAllier.

Places 1868 1869 1870 1871 1872

PerriSres . , , . .

Commentry . . .

Marais
Bezenet .....
Doyet
Montvicq
Ouohe-Bezcnet....
GabeUers ......
Noyant .....
Buxifire . . . , .

Conrolle
Plamoret
St.-Hilaire ....
Bert

q. m.
3,490

521,069
5,730

218,411

110,762
33,361

27,680
5,245

8,915

10,904
35,160

q. m.
16,300

636,161
9,050

242,600
86,700
35,760
30,490
6,330

12,030
101,34
34,800

q. m.
16,230

442,720
9,600

163,463
95,958
36,800

8,326

4,953
4,126
9,180

10,347

80,200

q. m.
16,646

390,807
3,567

167,892
85,756
25,312

4,650
4,430

8,750
8,682

24,572

q. m.
23,426

625,286
6,850

210,020
100,300
61,222

• «

5,814
4,953

10,125

10,902
24,480

Be la Production de la Houille dans les Trois Departements du Puy-de-DoTne, de la
Haute-Loire, et du Cantal.

Places 1868 1869 1870 1871 1872

Puy-dc-D6me

:

Bassin de Saint-Moy .

„ Singlu .

t, Brassa . . .

Haute-Loirc :

Bassin de Langesc . . .

Cantal

:

Bassin do Campagnac . .

q. m.

862,335
24,300

1,762,682

89,971

15,728

q. m.

1,048,945
21,406

2,035,690

C4,180

11,702

q. m,

1,400,942
24,944

1,865,169

80,722

7,844

q. m.

1,304,263
26,860

1,777,362

92,891

7,064

q. m.

1,812,291

26,636

1,023,819

67,150

16,338
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Creuse.

Atiun

18G8
kilog.

167,079,872

1869
kilog.

107,006,740

1870
kilog.

189,170,295

1 Q71io/ 1

kilog.

198,870,705

kilog.

275,78C/)93

Bipartemcnt dc la Mayenne.

Places 1868 1809 1870 1871 1872

Coal:
St.-PierrG la Cour .

Anthracite :

Ganest (113 kilo.) .

Baconnifcre (97 kilo.)

Montignii (100 kilo.)

Huisserie (110 kilo.)

Bazougo (113 kilo.)

hectol.

poids 00 Idlo.

142,977

0,303
95,307

217,827
207,488

197,720

hectol.

121,444

48,070
40,348
224,699
244,270
195,483

hcctol.

135,149

44,606

234,312
212,644

189,017

hectol.

130,303

29,152

127,511

148,612

100,958

hectol.

114,985

09,989

227,421

185,320
170,491

Departement du Gard.

Places 1868 1869 1870 1871 1872

Bassin d'Alais . . ^ •

Trevezet

:

Uouille Stipite

.

Bassin du Celas et d'tlxes :

Lignite

q. m.
12,826,018

16,206

196,038,75

q. m.
13,665,02

12,629

193,009,32

q. m.
13,304,091

12,122

200,984,44

q. ni.

13,550,211

19,043

212,460,75

q. m.
14,708,538

14,500

236,000,80

Concessions divcrses du sous-arrondissement de Marseille.

1868 197,000 1871

1869 242,000 1872

1870 250,000

Bassin de la Loire.

270,000

350,000

Places 1868 1869 1870 1871 1872

Saiat-Btienne ....
De la Loire ....
Montrambert and Berandifcre

Boche la Molifere et Firmuiy .

Beaubrun
Chazotte
Le Cros
Montieux
Divenes Mines ....

tonnes
629,220

332,854
376,949
461,866
268,940
245,918

66,291

109,401

367,246

tonnes
627,105

304,918
324,414
418,197
280,433

234,759
75,718

90,465

301,189

tonnes
562,037
310,354

376,375

494,926
311,994
258,811

89,247

95,149

287,001

tonnes
492,204
283,099
381,684
473,524
294,328
250,420
85,807

86,558

203,375

tonnes
525.883

350,952

455,650

481,580
336,036

237,220
114,440

125,432

291,555

Bassin de Saint-Elioiinc . 2,768,745 2,557,248 2,790,094 2,617,599 2,918,748

Eive-de-Gier ....
La P6ronni6re....
Divcrses Mines....

327,417
112,608
174,390

266,649
90,724

147,574

283,325
95,045

172,783

269,067
91,000

158,862

252,885
100,086

207,029

Bassin de Rive-de-Gier . 614,415 513,947 655,153 518,929 570,000{?)

Total du Bassin de la Loire . 3,372,160 3,071,195 3,347,257 3,136,528 3,488,748(?)

Under divers mines those are included which produce less than 100,000 tomes.

Concession des Touches {suite dc la Loire-Inferieure).

18G8
1869
1870

q. m.
26,478
5,687

3,014

1871
1872

q. m.
4,360
84,223

Mines of Anthracite, Departement de la Sarthc,

Hectolitres poids moyen=100 kilo.

Places 1808 1869 1870 1871 1872

hectol.

Mine de Manpel'tnis

„ Saulncries .

Total

ht'ctdl.

179,733

14,926

heotol.

107,340

83,993

hectol.

146,829

22,503

licetel.

146,175
1,002

170,445

40,730

194,059' 251,333 109,332 147,177 211,180
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Bassins du Nord et du Pas-de-Calais.

Places 1868 1869 1870 1871 1872

Pas-de-Calnifi ...»
tonnes

22041bs.lOoz.

2,402,000
1,750,000

tonnes

2,600,000

1,933,000

tonnes

2,728,000
2,114,000

tonnes

2,750,000
2,204,000

tonnes

3,282,000
2,710,000

Total . 4,152,000 4,533,000 4,872,000 4,060,000 5,992,000

Lignite du sovs-arrondissement mineralogique d'Avignon.

Places 1868 1869 1870 1871 1872

Basses-Alpcs ....
Vaucluse

' q. m.
84,102
48,410
14,259

q. m.
99,211

47,400
11,820

q. m.
107,055
40,397
14,519

q. m.
119,925
44,409
11,000

q. ui.

221,140
46,580
16,203

Coal and Lignite, VHhrault et VAiide.

Places 1868 1869 1870 1871 , 1872

H^raultcoal . . . .

„ lignite

Ande lignite ....
q. m.

177,649

3,675
726

q. m.
190,499

3,167
973

q. m.
185,041

3,681

71G

q. m.
173,459

4,132
845

q. m.
220,000

4,160
709

Spain.—Spain contains a large quantity of coal, both bituminous and anthracite.

The richest beds are in Asturias, and the measures are so broken and altered as to bo

worked by almost vertical shafts through the beds themselves. In one place upwards

of 11 distinct seams have been worked, the thickest of which is only 14 feet. The

exact area is not known, but it has been estimated by a Trench engineer that about

12,000,000 of tons might be readily extracted from one property, without touching

the portion existing at great depths. In several parts of the province the coal is now
worked, and the measures seem to resemble those of the coal districts generally. The
whole coal area is said to be the largest in Europe, presenting upwards of 100 workable

seams, varying from 3 to 1 2 feet in thickness.

The Asturias Mining Company are working many mines in this region, and they

are said to produce 400,000 tons annually, or to be capable of doing so. In Cata-

lonia and in the Basque Provinces of Biscay there are found anthracite and bituminous

coals.

In the Balearic Islands also coal exists.

PoETTTGAx.—Beds of lignite and some anthracite are known to exist, but the pro-

duction of either is small.

Italy.—The principal coal-mines of Italy are in Savoy and near Genoa. In the
Apennines some coal is found, and in the valley of the Po are largo deposits of good
lignite ; and a small quantity of good coal is worked in Sardinia.

SwiTZEELAJTD.—Coal has only been found in the cantons of Berne, Pribourg, and
the Valais. Beds of anthracite coal are developed in the Central and Western Alps.
Germany.—The Germanic Union—the Zollverein—embraces the following prin-

cipal coal-beds :

—

r Saxony.
German States < Bavaria.

[Duchy of Hesse.

r The Euhr, in Westphalia.
Prmsian States < Silesia.

LSaarbrtick, and provinces of the Bas Ehin.

The true coal of Prussian Silesia stretches for a distance of seventeen leagues. The
most recent information we have been able to obtain as to its production would appear
to give above 850,000 English tons. The coal-fields of Westphalia were described
by Sedgwick and Murchison in 1840. The productive coal-beds are on the right
bank of the Rhino, and possess many features in common with the English coal-fields.
Bituminous coal, and lignite or brown coal occur extensively in some districts.
The coal-basin of Saarbriick, a Rhenish province belonging to Prussia, has thus
been described by Humboldt, chiefly from a communication received from M. Von
Dechon :

—
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' Tho depth of tlio coal-mofiBurcs at Mont St.-Gilles, Liege, I have estimated at 3,650

feet below tho surface, and 3,250 foet bolow tho sea level. Tho coal-basin at Mons
hos fully 1,750 foot deeper. Thoso depressions, however, are trifling when compared
with that of tho coal-strata of the Saar rivers (Saarbruck). After repeated trials, I
have^found that tho lowest strata known in tho county of Duttwoilor, near Bottingen,
north-eastward from Saarlouis, dip 19,406 foot, and 20,666 under the level of tho sea.'
The coal of tho vallej/ of the Glane is bituminous, and of good quality ; it is pro-

curable at a depth of 112 foet, and the seam is about two feet in thickness: about
60,000 tons annually aro produced from this valley. Coal is found in Wiirtemberg,
but not miich worked. In Saxony are extensive mines of bituminous coal ; at Schon-
fiold,_near Zwickau, the coal alternates with porphyry. Near Dresden a bituminous
coal is also worked, and the coke manufactured from it is used in tho metallurgical
works at Freiberg.

Electoral Hesse produces little beyond lignite. In Hesse Cassel some bituminous
coal is worked, but to a very inconsiderable extent. Real stono coal is only as yet
produced in the county of Schaumburg. It is rich in beds of brown coal.

In the Tlmringerwald or Thuringian forest some coal is produced.

_
Tho following is a list of the coal-basins of Germany and Austria, and their situa-

tions :

—

Both situated on tho lengthening of the
Belgian circle, near the Bassin de Liege.

1. Bassin de la Worm, or de Kohl-'
Schneider.

2. Bassin de I'lnde, or d'Esch'

Weiler.

3. Bassin de Saarbriick.

4. Bassin do la Foret-Noire. In the Grand-t)uchy of Baden.
6. Bassin de la Westphalie or de la Ruhr.
6. Lo Bassin d'Ibbenbiiren.

7. Bassin de Piesberg. Near Osnabriick.

8. Bassin d'lUefeld. To the south of the Hartz.

I
Les Bassins do Wettin, Lobejun, and Plotz.

11. Thuringerwald. Near Manebach.
12. Gelberg. Near Ilmenau.
13. Mordflech. Near Goldlauter.

14. De Crock. ~j

16. Stockeim et Neuhaus. >In the Upper Pfalz of Bavaria.

16. Erbendorf. J
17. Bassin de Zwickau-Chemnitz. In Saxony.

18. Bassin de Flohaer.

19. Bassin de Plauen. Near Dresden.

20. Schonfiold. Near Altenburg.

21. Brandau. In Bohemia.
22. Bassin de Radmitz. In Bohemia.
23. Bassin de Pilsen.

24. Bassin de Schlau-Rakonitz.

25. Bassin de la Basse Silesie. In Bohemia.

26. Bassin do la Haute Silesie. Partly in Prussia and partly in Austria,

27. Bassin de Mahr-Ostrau.

28. Bassin de Rossitz. In Moravia.

The coal-pits of the most importance are in the Rhenish provinces and Westphalia,

in the western parts of Prussia, as well as in the province of Silesia. Among the coal-

basins there are three of importance : these are the basins of Upper Silesia, of the

Ruhr, and tho Saar. Two other basins, near Waldenburg, in Lower Silesia, and near

Aix-la-Chapelle, in tho Rhenish province, are less considerable. The basins of Wellin

and Lobejun in the province of Saxony, and of Ibbenbiiren in the northern part of

Westphalia, are of loss extent. There is also some coal mining, but inconsiderable,

near Minden, on tho Weser (in Weald cla;y), and near Lowenburg in Silesia.

The brown coal of most importance is found in the eastern part of the country

;

that is, in the provinces of Saxony and Brandenburg. There tliis lignite is exceedingly

useful, as coals aro excessively dear, owing to the cost of transporting them so great a

distance. ^ -r,,

.

The coal-pits of the river Ruhr extend over ton miles in length on the Lower Kinne.

This country supplies almost half of the coal produce, and it sends supplies to Alsatia

and Switzerland, to Bavaria and Thuringia, to Berlin and the seaports of the

Hanseatic Towns, as well as to Holland.
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The folio-wing, from an article on ' Westphalia and the Euhr Basin,' by Mr. T. E.

ClifFe Leslie, contains most valuable information :
—

•

' Twenty years ago the Euhr Basin -was nowhere in the industrial race ; now it pro-

duces nearly half as much coal as the great northern coal-field of England. Twenty
years ago it had only just completed a single line of railway ; now the basin is a
network of branches, connecting not only the towns, but the principal manufactories
and collieries with the three main lines which traverse it. The following figures

show the rate at which the production of coal has advanced :

—

Date English tons" Date English tons'

1851 1,771,454 1860 4,276,254
1852 1,921,962 1861 4,964,621
1853 2,146,275 1862 6,701,201
1854 2,670,099 1863 6,300,981
1855 3,252,323 1864 8,146,433
1856 3,510,502 1865 9,276,685
1857 3,635,256 1866 9,329,503
1858 3,898,502 1867 10,526,015
1859 3,793,356

' The immense increase of production shown in these figures is mainly attributable
to the introduction of railways and the low charge for the carriage of coal. Down to
1851 the Euhr and the Ehine were the only means of transport in districts beyond
the immediate neighbourhood of the collieries, and the greater part of the coal was of
an inferior kind, raised where it came to the surface by small collieries along the
Euhr. In 1851 the Cologne-Minden Eailway came into use for the transport of coal,
and led not only to deep-pit- sinking, and the discovery of seams of superior coal in
other parts of the basin, but also to the establishment of ironworks and other manu-
factures, affording a local market for the coal. To this local market, down to 1859,
It was in a great measure confined. In that year the charge for railway carriage of
coal for long distances was reduced to one pfennig per centner (a fifth of a farthing
per lOO lbs.) per German mile,» and the above figures show the subsequent increase of
production. The railways and coal-mine's render each other reciprocal service ; the
carnage of "Westphalian coal is now one of the most important branches of traflfic on
several of the chief Prussian lines, and the low rates at which it is carried enable it
to find a distant market. The projected reduction of the rate for the transport of iron
ore to the same tariff as that for coal, when carried into effect, will greatly augment the
market for coal as well as for manufacture of iron. Until the last few years the
Euhr Basin exceUed only in the manufacture of steel ; but its iron manufactures arenow of the highest quality.'

The Westphalian coal-field is stated to be at least, 400 square miles in extent.
Ihe number of workable seams are from 60 to 80, and the average thickness

shows •-
analysis of Essen coal

Carbon 88-08, hydrogen 5-00, nitrogen 1-39, oxygen 3'12, sulphur 1-06, ashes 1-35 = 100.

Mr. Consul-General ^. A. Crowe, in his ' Eeport on the Trade of the Ehenish
Provinces and Westphalia,' gives the following :—

The coal-fields of the Euhr extend over a surface of 115 square miles, and aresupposed to contain 40,000 000,000 tons of fuel. They are comprised chiefiy in theGovernment distncts of Dmsburg, Essen, Bochum, Dortmund, and Hamin. The
rapid- increase of their production may be seen by a glance at the foUowing Table :—

British Tons
3,252,223

3,510,601

3,636,256

3,898,602

1856
1856
1857
1858

^
Fortnightly Review, No. XXVII. March 1, 18G9.
The Prussian Tojine is a measuro of capacity, and varies therpforn in woiV>.t «<> n»,«r»j t-

articles-coal and iron, for example. The quantity of coafin aS fi^ffh nf n.'^f

^"eaders?
^ ^"^^"^^ ^^^^ To.nelMlS'nor^^t^^^^^ Seal

" The German mile ia about 42 English miles.

Vol. I. 3 1
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1859
1860
1861
1862
1863
1864
1865
1866

British tons

3,793,366

4,276,253.

4,964,621

5,701,201

6,300,318

7,474,936

8,635,614.

8,583,362

Increase since 1855 1,024,030 tons.

Increase Binco 1860 4,259,361 tons.

The Working of the Boycd Mines of the Coal-Basin of Saarbruck.

Yeara
Total Quantity

produced
Quantity

sold

Value of Sales in Francs

Prussia Zollvereln Switzerland Prance

1863
1864
1865
1866

tons

2,157,879

2,551,129

2,821,695

2,951,034

tons

1,944,884

2,307,257

2,490,418

2,612,328

491,421

576,078

703,776

682,185

445,270

574,596

574,371

537,361

78,966

116,278

126,709

119,030

961,589

1,082,256

1,131,843

1,321,264

M. Vuillerain gives the following as the result of the workings for four years :—

Bassin de Saarbruck.

Years
Metrical Tons,

2,200 lbs.
Value in Francs

Value per Tonne
in Francs

1864
1865
1866

1867
Mean

2,597,516

2,872,999

3,004,690

3,171,125

2,911,582

24,011,048

27,638,250

32,841,262

33,994,460

29,621,255

9-24

9-62

10-93

10-72

10-17

Bassin de la Buhr {District de Bormund).

Years
Metrical Tons,

2,200 lbs.
Value in Francs

Value per Tonne
in Francs

1864
1865
1866
1867
Mean

8,146,433

9,165,675

9,291,250

10,366,035

9,242,348

49,856,170

62,693,217

6-12

6-84

Mr Lowther in his Eeport remarks, ' The western parts of Pnissia are so richly,

furnished with mineral fuels, particularly coals, that they do not depend for their

S y on f^lgrcountries, but^ather giv'e up a
"^^Z^.

the latter. The eastern provinces of the state have to look to the impor. of foreign

, • p o-i • ^oc 5n ift7l much ereater than anybody expected.

The coal production of Silesia was in If ^™ fif tonnen (about 5i to an

The importation of coal into Berlin amounted to—

1870. 2,697,043 tonnen Silesian coal. 1871. 3,^28,391 tonnen.

1870. 600,000 „ English coal. 1871. 1.160,yi» "

^
This is an increase in one year of 531,348 to-

English coal, while during the five preceding years the importauo
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Years Silesian Coal English Coal English Coke

1869
1868
1867
1866
I860

. tonncn

. tonnen

. tonnen
. tonnen
. tonnen

1,965,927

2,002,807

1,888,353

1,466,400

1,962,000

689,952

706,406
525,464

917,056
686,096

77,386

111,608

103,742
96,358

104,362

Coal in Prussia, as returned

Upper Silesia

. Lower Silesia

Wettin
Lobejun ....
The Province of Hanover (Weald
The County of Hohnstein
Schaumburg (^) .

Minden .
"

.

Ibbenbiiren

The district of the Kuhr
Aachen
The district of the Saar

Total .

Quantity raised to January 1870

to January 1871 :

—

Centners
of 100 metrical pounds=
110-231 lbs. avoirdupois

131,144,049

39,400,740

820,958

958,569
coal) . 5,972,845

469,356

1,978,429

109,347

4,066,314

249,235,184

19,923,919

65,261,165

Increase

Brown Coal in Prussia to Jammry
Oppeln
Breslau

Liegnitz

Posen
Bromberg
Frankfort-on-the-Oder
Potsdam
Magdeburg
Merseburg
Minden
Cologne

Coblenz
Aachen
Weisbaden
Hanover
Hildesheim
Liineburg

Cassel

Total .

Production to January 1870

51^,340,875

466,324,753

53,016,122

1871:—

60,966

366,489

7,281,863

197,112

39,648

17,851,359

4,037,403

36,322,304

64,242,875

820
2,224,795

36,102
235,211

926,511

7,085

40,559

14,217

3,639,583

137,524,902

122,330,423

Increase
. . . 15,194,479

The quantity of coal raised in Prussia in 1872 was as follows :—
... People Quantity Value

Coal 499' ,Tn^l°f/
Cwt.=flOkiI Thalers

• ' • 140,544 590,473,512 85 11RS9R
Brown Coal

. 632 17,447 148:992,730 7;957;?25
Poland.—There are several coal-mines in Poland The crown nnnl tt^-^oo ^ j

The CO.I wk^ at Fanfkirchon in Hu-gary,Z 7t^,TZ. IrZ^ZtjtDonetz, id Kuss.a, coal is wkcd to »omo eitent, aail i» of elcellont qnaSy
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Austria.—Coal occurs in Styria, Carinthia, Dalmatia, tho Tyrol, Moravia, Lorn-
bardy, and Vonico ; but 700,000 tons appears to bo tho maximum annual produce of

the empire. The basin of Vienna, in Lower Austria, produces several varieties of

coal, which belong to tho brown coal of the Tertiary period.

The following Table gives the geographical position of coal now worked (1872), and
the estimated production :

—

rrovinco

Bohemia

Moravia and Silesia .

Upper and Lower
Austria

Styria

Carniola

Carinthia

Tyrol

Croatia, MilitaryFron-

tier and Slavonia ,

Hungary and Tran-

sylvania

Galicia

Venetia

Istria and Dalmatia

Bukovino .

District Principal mines

Prague .

Elbogen
Kommotau
Pilson .

Kuttenborg
i'Olmiitz .

\ Ostrau .

St. Polten

fLeoben .

^ Cilli .

l^Koflach

.

Laibach

.

Klagenfurt

{Hall . .

Kufstein

Mori

Agram .

Ofen .

Fiinfkirchen

Grau
Oravicza

Kronstadt
f Cracow .

< Brody .

{ Lemberg
(Arzignano
Val d'Agno

{Zara
Sieverich

Cattaro .

}

Bustiehrad

Brandoisl

Kladno . 1

Coal

Tons

777,130

1,509

282,289

166,919

670,617

37,077

2,833

Sagor Lokach .

Seheming
Valley of Save
Bleiberg .

Ober Laibach .

Gross Franoviona
Kohitsch

.

Drenkowa
Posega .

Jarvorzno

290,858

96,795

300

Brown
C!oal

Tons

124,436

643,190

22

33,124

.64,763

187,673

372,332

64,925

39,602

6,978

8,193

228,388

10,423

6,878

7,540

200

The following statement of the productions and of the consumption of coal in

Austria has recently been issued upon authority :-

Tears Coal produced Coal consumed

1848 to 1851

1852 „ 1855

1856 „ 1859

1860 „ 1863

1864 „ 1867
1868 „ 1871

Tons
7,973,648

14,121,326

22,114,874

33,390,964

41,466,292

60,018,071

Tons

8,087,567
14,239,041

22,182,280

33,288,233

40,253,099

65,945,386

A considerable quantity of that reported as coal is lignite or brown coal, of which

there are very largo deposits in Austria.
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S-WEDEN.—^Anthracite is found in small quantities at Dannemora ; and bituminous
coal, probably of Liassic or of oolitic age, is worked at Helsingborg, at the entrance of
the Baltic.

Dbnmakk.—The island of BornhoLm and some other islands belonging to Denmark
produce coal, but it would appear to belong to the brown coal variety.

Edssia.—The Donetz coal-field is the most important. In that extensive district
many good seams, according to Sir E. I, Murchison, of both bituminous and anthracitic
coal exist.

_

TuBKBT.—Coal is found bordering on the Carpathian mountains, in Servia, Eou-
melia, and Bulgaria.

The coal of Heraclia, on the south coast of the Black Sea, in Anatolia, has been, since
the Crimean war, exciting much attention.

'

Smtrka.—Moderately good coal is found at Nazli near Olidin. There are other
coal-mines of very, inferior quality.

Gkeece.—There is no coal, properly so called, known to exist in Greece, but lignite
has been found in several places.

NoBTH Amebica.—The coal area of the United States of America,' is thus described
by Professor C. H. Hitchcock, Hanover, N.H., U.S.A.

There are eight distinct areas of the Coal-measures in the United States. Thev
are— (1.) The New England Basin. (2.) The Pennsylvania Anthracite. (3.) The
Appalachian Basm. (4.) The Michigan Basin. (5.) The lUinois Basin. (6.)The Missouri Basin.

_
(7.) The Texas Basin. (8.) Areas of unknown extent, prob-

ably inconsiderable, m the Eocky Moimtain Eegion.
1. The New England Basin.—This is in Massachusetts and Ehode Island estimated

to cover 760 square miles. The coal is a plumbaginous anthracite, used to advantage
in some smelting furnaces. Perhaps eleven beds exist, best seen in Portsmouth, EJ.
I heir maximum thickness is 23 ft. The coal-measures are about 2,500 ft thick ^

TT
Thisis the most important coal district in the

United States. Including the Broad Top semi-anthracite, of 24 square miles, the five
sepaiate basins amount to 434 square miles. The measures are from 2,000 ft. to 3 000

7 ft J V
"^""^

mu"*^
beds varies from two to twenty-five, according to the

depth of the basm. The maximum thickness at Pottsville is 207 ft., while the average
cannot be far from 70 ft.*

°

frL l^J^"'^'^}''''^ ^T'-~^^' T."".?^''
^° °^ 63,475,squar6 miles, extendingIrom Pennsylvama to Alabama, all of bituminous coal

nes^o?4T?f^I?±f^'Tr™°^ ^.-^'^^^'^"^^^ average thick-

2,535 ft
«

aggregate thickness of the measures varies from 825 ft. to

1
5^0°0 ftTHnv"^

*
Tl.^"''' T f ri'"' ^^"^ ^^Pa^ate basins. The strata are

a^d 'die^KVrol^TtotS^^^^
'^'^ '

mi{e° ^On tS'Cwtt-^ ^^'^"^^ '''^^ ^''^ ^''^^^^'^ 16,000 square

S iol'l S T t
'^^^^ ^'2^0 ^fc- tliick, with twenty.four bedsot coal, ot which eleven have an aggregate thickness of n ft- t>,^ ^«„"i i !

developed along this river.*
tmcjcness ot 51 ft. The coals are best

In Ohio Dr J. S. Newberry mentions that the area is greater than 10 000 souare

in Cst^rn ^''^'v V'^'' ''f^'^^'
and.ten wSkaSe beds of coal

^

Jn l^nniLl ^^M"'^
'^^^ ^ ^O'OOO square miles.*

tion JvesTS c^^^^^^^^^^^
^ characteristic sec-

In Georgia the area cannot be more than 170 square miles

mtnei:irT^%^^must be like those of Tennessee.
' ^'^'"^^^ character of the measures

4. The Michigan Basin —The area is about 6,700 square miles with 12^ ftness of measures, and 11 ft. (maximum^ of coal Tn fl^rnl^ ;'t, ; •

thinning out to a mere line around th^idges.'

' ' Geology of Island of Aquidneck,' bv C. H Hitrhpoot r>^^^ a
' • Geology of Pennsylvania,' by H. P. Eogers. "^-dT. Sci. I860.

4 I

glrst Report upon the Geology of Maryland,' by P. T. TvssonReport to Chesapeake and Ohio R.B.' by T. S. Ridswav
;

Geology of Tennessee,' by James M. Safford.
""^S^^''^"

7
°^ Michigan.' 1861, by A. Winchell.

Knal Report on the Geology of Illinois; by A. H. Worthen
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5. The Illinois Basin.—This occupies an area of 51,700 square miles, including

Illinois, Indiana, and Western Kentucky.
In Illinois the measures occupy an area of 41,600 square miles, are from 600 ft. to

2,500 ft. thick, and contain ten beds of coal, with an aggregate thickness of 36 ft.'

In Indiana the measures occupy an area of 6,600 square miles, are 650 ft. thick,

and contain thirteen bods of coal, with an aggregate thickness of 31 ft.'

In Western Kentucky ' the measures are 612 ft. thick, including the Millstone grit.

They contain eleven beds of coal.

6. The Missouri Basin,—This is the largest of all the areas, comprising more than

100,000 square miles. It is also reached by several navigable rivers. It extends from

Iowa to Texas. It is separated from the Texas field only by cretaceous beds, which

probably overlie coal-beds continuous from one basin to the other.

In Iowa,* Professor White's late map shows an area of about 26,000 square miles of

coal-measures. He has divided the group into three divisions, each about 200 ft. The

two lower ones contain the workable coal, which amounts to 8 ft. in the second,

and only 20 in. in the upper division. As the lower di-s-isions everywhere pass under

the higher, the whole area may be regarded as productive.

Nebraska contains 3,600 square miles of the Upper Coal-Measures, according tomap

in ' Final Report upon the Geology of Nebraska,' by P. V. Hayden.

In Missouri (private communication) Professor Gr. C. Swallow estimates the coal

area at 27,000 square miles, and in Kansas at 17,000 square miles. The measures are

2,000 ft. thick, carrying twenty coal-beds, from a few inches to 6 ft. thick.

In Arkansas, Dr. D. D. Owen ' describes two coal-beds, the thickest 5 ft. thick, and

very valuable. The area is stated to be 12,000 square miles. The coal, however,

underlies the conglomerate, and does not belong to the true coal-measures.

Scarcely anything is known of the coal in Indian territory. From the map, the

area must be as great as that of Arkansas. I am assured by the officers of the

Missouri, Kansas, and Texas Railway that they find good beds of coal all through the

territory near their line of travel. n -i?

7. The Texas Basin.—This is barely separable from the preceding. Dr. B. 1?.

Shumard * estimated the coal area at 5,000 square miles. A. B. Roessler * estimates

the same at 6,000 square miles. Beds of good coal are reported at Fort Bilknop, 4 ft.

in thickness.
. -,. ^- c t ^

8. Mr. G. K. Gilbert, « of the expedition under the immediate direction ot Ueut.

George M. Wheeler, reports coal near Camp Apache, in Arizona. Carboniferous strata

are known in many places in the mountainous territories, and valuable discoveries of

coal may be looked for among them at no distant day.

The total coal area as thus described amounts to 230,659 square miles. No notice

is to be taken of any coals which do not belong to the Carboniferous system. lUere

are many others of commercial importance, as the Triassic of Virginia, the Cretaceous

of the territories west of the Missouri River, an immense amount m Caliiornia,

These facts will afford data for those who are interested in estimating the amount of

coal in different countries by the number of cubic miles or tons. The statements are

too brief to permit any notice of the best or of the inferior coal.

The anthracite coal-fields of Pennsylvania are divided into three great distncte,

viz.: 1st, Southern or Schuylkill district, embracing the Lehigh^and Lykens valley

coal; 2nd, the Middle district, embracing the Beaver ^^adow, Shamokin and Ire-

vorton coal ; the 3rd, Northern or Wyoming and Lackawanna, embracing the Scranton,

Pittston and Lackawanna coals.

Produce of these districts from 1858 to 1863.

Tears Schuylkill District Middle District Wyoming District Total

1858
1859
1860
1861

1862
1863

tons

3,212,879

3,698,531

3,815.822

3,114,254

3,549,844

4,151,882

tons

909,000

1,050,659

1,091,032

994,705
396,227

609,548

tons

2,186,094

2,731,236

2,856,896

2,918,458

3,130,887

3,760,374

tons

6,524,838

7,517,616

8,069,017

7,487,672

7,640,905

9,420,138

' Second Report on the Geology of Indiana,' by B. T. Cox.

' ' Geology of Iowa,' by C. A. White.
' Second Report, Geology of Arkansas,' by D. D. Owen.

' Texas Almanack for 1861.'

' Texas Almanack for 1872.'

Official Report.
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Total produce of Pennsylvania in 1864 :—

Anthracite districts

Broad top and semi-anthracite

Bituminous districts .

Total .

Toms

9,876,174

422,992
2,399,246

12,698,412

Coal product of the Loyal United States, year ending June 1864, from the returns

made to the Internal Keview Department :

—

Tons

Ehode Island . . . 3,656

Pennsylvania
Maryland .

District Columbia
Western Virginia

Kentucky .

Missouri

Ohio .

12,698,412

787,269
742

398,815
91,036

66,187

1,324,685

Indiana
Illinois

Michigan
Minnesota,

Kansas
California

Washington Territory

Tons
146,787
925,293

16,296

50,204
236

44,938

7,754

16,472,410

The following summary of the condition of the American coal trade in 1871 is of

interest :

—

' The quantity of anthracite coal sent to market during the year 1871 is returned

officially at 14,965,501 tons, and the quantity consumed in the coal regions is esti-

mated at 2,720,000 tons. The quantity of bituminous coal sent towards the sea-

board, including 443,955 tons imported, is returned officially at 4,894,914 tons, and
the quantity of bituminous mined and consumed in the United States, but not at

present returned in the official tables, is estimated unofficially at 11,500,000 tons.

The aggregate production of the year thus comes out at 34,081,415 tons, of which all

but 269,751 tons exported, was retained as the supply of the Eepublic for the year.

At this rate the average coal production of each American amounted last year to about
17 cwts. per head, while in 1869 the average coal production of each inhabitant of the

United Kingdom was as nearly as possible 3 J tons per head. It is clear from this

comparison, that, great as the coal wealth of the United States is supposed to be,

American coal-mining is still in its infancy ; while the corresponding branch of industry

has been carried on in Great Britain to an extraordinary development. The openings
for human effort are so numerous in the United States, that no very large amount of
the population can be induced to apply themselves to mining industry—at any rate at

present ; and hence the average coal extraction of the United States per head of the
population is only about one-fourth of the corresponding extraction in Great Britain.
Far-seeing and thoughtful minds may come to the conclusion that, after all, there is no
very great ground for national complacency, at the results brought out by the com-
parison, since it may be argued that we are rapidly working up our coal supplies, while
the Americans are husbanding theirs. It should, perhaps, be remarked that we have
accepted the American statistics as to the American coal trade as they have come upon
our hands. At the same time it cannot be denied that they are characterised by great
vagueness, one-third of the whole total of 34,081,415 tons being derived from
unofficial estimates.'

Although the returns are fairly open to the imputation of vagueness, and uncertainty
as a whole, they are tolerably conclusive and satisfactory, however, as respects the
anthracite coal production of the United States. The total of 14,965,501 tons
already given as representing this production in 1871, compares with 15,274,029 tons,
the production of 1870; so that the extraction fell off in 1871 to the extent of
308,528 tons—a result attributable, we presume, to the prolonged and troublesome
strikes which prevailed last year in the Pennsylvania coal regions. The two totals
of 14,965,501 tons and 15,274,029 tons include the semi-anthracite production of the
Lykens "Valley in each year, and they were made up as follow :—

1870 1871
tons tons

Schuylkill, Columbia, &c. . . 3,720,403 5,124,780
Northumberland .... 486,174 628,866
Wyoming 7,554,909 6,481,171
Lehigh . . . . . 2,990,878 2,249,366
Lykens Valley (semi-anthracite) . 521,666 481,328

Total 16,274,029 14,966,601
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fi, (sT il^°n
^^^^^ there was a considerable increase in the production of

Uie bchuylkill region last year, wliile the extraction fell off in the Wyoming and
Lehigh regions

: the general result being a decline of 308,628 tons in the last year, as
compared \vith_1870. During the ten years ending with 1871, inclusive, the produc-
tion of anthracite coal in the Schuylkill, the Wyoming and the Lehigh regions appears
to have been as follows :— •/ o o o n

Year Schuylkill Wyoming .Lehigh

1862 2,890,698 3,145,770 1,351,054
1863 3,443,265 3,759,610 1,984,713
1864 3,642,218 3,960,836 2,054,669
1865 3,735,802 3,266,658 1,822,536
1866 4,633,487 3,736,616 2,128,867
1867 4,334,820 5,328,322 2,062,446
1868 4,414,356 6,990,813 2,507,682
1869 4,748,960 6,068,395 1,929,583
1870 3,720,403 7,554,909 2,990,878
1871 5,124,780 6,481,171 2,249,356

The aggregate extraction of each year will, however, illustrate more conclusively

the progress which has been made. The figures come out as follow :

—

Tears Tons Years Tons

1862 7,387,422 1867 11,725,588
1863 9,187,588 . 1868 12,912,751

1864 9,657,723 1869 12,746,938

1865 8,814,995 1870 14,266,190

1866 10,498,970 1871 13,855,307

It will be observed that the production very nearly doubled Itself during ten years.

It would, probably, have completely doubled itself but for the strike troubles of

last year. In this current 1872 it is expected that the ground lost last year will be

more than recovered ; and that the progress realised will be considerable, as the

aspect of the labour market has become more settled. Provision has also been made
for an arbitration and conciliation tribunal to adjust any difficulties which may
present themselves.

Bbitish America contains coal in the provinces of New Brunswick and Nova Scotia.

The former presents three coal-fields, occupying in all, no less than 8,000 square miles;

the latter exhibits several very distinct localities where coal abounds. The New
Brunswick coal-measures include not only shales and sandstones, as is usual with

such deposits, but bands of lignite impregnated with various copper ores, and coated

by green carbonate of copper. The coal is generally in thin seams lying horizontally.

It is chiefly or entirely bituminous.

Nova Scotia possesses three coal regions, of which the Northern presents a total

thiclcness of no less than 14,570 feet of measures, having 70 seams whose aggregate

magnitude is only 44 feet, the thickest beds being less than four feet. The Pictou

or central district has a thickness of 7,690 feet of strata, but the coal is far more

abundant, one seam measuring nearly 30 feet; and part of the coal being of excellent

quality and adapted for steam purposes. The southern area is of less importance.

Besides the Nova Scotia coal-fields, there are three others at Cape Breton, yielding

different kinds of coal, of which one, the Sydney coal, is admirably adapted for

domestic purposes. There are here 14 seams about 3 feet thick, one being 11, and

one 9 feet.

The areas of these coal-fields are respectively:

—

Square miles

Nova Scotia 2,600

Cape Breton, Sydney District

„ Boularderie .

„ South coal-field

Prince Edward's Island

Newfoundland ....
The production of coal in Nova Scotia in the year 1865 to 1870 was as given in the

-following Table:

—

260
104
180

5,000
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Places

18G6,
Year ending
September 30

1808,
Year ending
September 30

1869,
Year ending
September 30

Bound Slack Bound Slack Bound Slack

Cumberland
Pictou....
Cape Breton
Inverness .

Richmond .

tons

15,008

183,244

325,515

2,093

739

7,828

tons

1,441

22,485

14,066

1,206

223
453

tons

9,093

126,642

276,045
131

12

1,633

tons

1,010

18,209

20,696

• • •

8

141

tons

7,648

175,286

287,027
292

372

tons

867
22,925

17,292
40

"45

Total . . 561,428 39,873 413,557 40,067 470,625 41,169

Places

1870,
Year ending
September 30

1872,
Year ending
December 31

Bound Slack Bound Slack

(;nTT> r»D"nl n nr?v^LLLllUtJllclIlU. . ,

Pictou

Cape Breton . .

Inverness . . .
•

Eichmond .

Victoria .

tons

6,906

191,465

306,097
15

"271

tons

978
35,059

27,480

3

tons

13,272

340,142
360,036

2,879

tons

881

48,275

20,237

191

Total 604,766 63,620 616,329 69,584

British Columbia.—The following is the report of Mr. Hilary Bauerman in 1860 •

Two seams of coal, averaging six to eight feet each in thickness, occur and are
extensively worked for the supply of steamers plying between Victoria and Erazer's
xuver.

The coal is a soft black lignite, of a dull earthy fracture, interspersed with small
lenticular bands of a bright crystalline coal, and resembles some of the duUer

England
° V^odnoed in the-South Derbyshire and other central coal-fields in

In some places it exhibits the peculiar jointed structure, causing it to split into loneprisms, observable m the brown coal of Bohemia '

mroiong

For economic purposes these beds are very valuable. The coal burns very freely,
'

P;^!^^^^^* ash g ving a very small amount of slag and cHnker

AcSTaT^r" .C°^™--This field is estimated at about 5,000 square mUes.According to Mr. Ji^es, formerly Director of the Geological Sun^ey in Ireland theentire western side of the island, along a space of 356 miles inSdth,S occupiedby seconda^ and carboniferous rocks. The coal on the south-western poin? of^Jheisland has been traced at intervals along a space of 150 to 200 nSes to the north!

GREENiAiro.-Captain Scoresby discovered a regular coal-formation here At

weTrn coal ' " Disco Sand on tt
Abci'ic Ocean.—At Ryam Martin's Island coal-formations exist and at MaW,-ii«Island several varieties of coal We been discovered, much of it beSgS an^^^^

Ifct =t:Sr;:r^°'^^- BegentfI^feUnSr

bjr George Simpson about 30 miles up one of tho tn'hnfnT^cc ^-r Tt, ^1 "7
United States of CoLOMBiA.-lZenL deposS of f °/ Columbia river,

covered in tho Province EioHacha
deposits of cannel coal have been dis-

in the centre of the Rocky Mountain^chaTu! and ^s'KStmlt'SfZ
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level of tlie sea. lu somo of the coal-seams the coal did not appear to bo perfectly

miueralisod, and iu others it was compact aud remarkably lustrous.'

—

Fremonta
Beport, 18d3.

In 1847 a coal-mine was discovered near San Luis Obisco, North lat. 36°. There
are three coal-minos -within 300 miles of Monterey.

Mexico.—On Salado river coal is worked by an American company. A coal-

formation 50 miles in breadth crosses the Rio Grande from Texas into Mexico at

Loredo ; and on the Mexican shore, within 200 yards of the Eio Grande, a remarkably

lino vein of coal 8 feet tliick occurs.

Texas.—Coal is known to exist in Texas, though the country has not been

geologically examined. The ' Trinity Coal and Mining Company ' was incorporated

by the Texan Congress in 1840, who worked both anthracite and a semi-biturainouB

coal. Kennedy in his work ' Texas, its Geography, &c.,' says ' Coal, both anthracite

and bituminous, abounds from the Trinity River to the Rio Grande.'

South America.—In the Republic of New Granada, especially at Santa do

Bogota, coal occurs : also in the island of Santa Clara, and brown coal in the province

of Panama.
Veneztiela is said to contain coal, but whether brown or bituminous does not

appear certain.

Peru appears to possess some coal, but a fossil charcoal of considerable value is more

abundant.

Chili.—The coal of this district has been examined by many American engineers,

and by Captains Fitzroy and Beechy and Mr. Darwin. In 1844 upwards of 20 coal-

mines were open in the neighbourhood of Conception. At Tulcahnano a new seam of

4^ feet was i^roved. The coal is described by W. R. Johnson as, 'in external ap-

pearance nearly related to many of the richest bituminous coals of America and

Europe ; ' and Mr. Wheelwright, in his report on the mines and coal of Chili, says,

' in fact, the whole southern country is nothing but a mine of coal.'

Beazu. does not possess much coal of value.

The following communications from John Miers, Esq., E.R.S. and from N. Plant, Esq.,

give all that is known respecting the two coal-fields of Brazil :—
• • .

' The coal-mine for which the Visconde de Barbacena obtained a privilege is in the

province of Sta. Catherina, where extensive deposits are found in a district near the

iunction of two small rivers flowing from the Serragerul de Sta. Cathenna, and which

unite to form the Rio Tuberao, which runs eastward for about 70 miles, when it enters

the Lake of Laguna, in lat. 28° 23' S. The lake or bay is sufficiently deep and

capacious, and is available for sea-going vessels with a draft of 11 feet, which is the

depth of water over the bar in its mouth. The Rio Tuberao is navigable by vessels of

that capacity as far as Piedade, which is 27 miles from the point of its enhance into

the bay : but above that distance the river is only navigable by smaUer craft for a lew

miles - so that Piedade will be the shipping port for the coal, which will have to be

conveyed by a tramway from the mine, 45 miles long, along a course nearly due east

and west, upon a gentle gradient. At that distance no less than 20 different sites

have been seen on both sides of the Tuberao where the coal deposits crop out, thenver.

running over several beds. This district is situated in a beautiful ^nd well-^'ooded

country, about 880 English feet above the level of the sea, and upon the northeni

flanks of the Morro de Sta. Martha or de Congouhas, a spur of the mam serra that ex-

tends f^r a Lng distance parallel with the coast.
_
This spur runs eastward, and tem-

inates at a point 4 leagues south of Laguna. This coal-formation is evidently of con-

siSle exrnt, for similar deposits are found on the southern flanks of the same

spur nfarTe sour of the Rio Ararangua, which runs eastward, and falls into tJie

oLa;"n lat 28° 480 g., ^nd which is navigable for a distance ef 20 ^^''^t^.
T^^XK

o

^hlv^ \t is broad and deep. The Visconde do Barbacena's mimng ground is on the Rio

Bonko an affluent o? the Tuberao, where the coal shows itself wherever thesurface o

has become denuded by gullies formed by springs, presenting cli^, 40 feet

v\ Irivrtbe cri-deposits are^sible to a depth of from 10 to 14 feet, and these are

Sed^y a ^oofing ofTaS sLdstone 20 feet d'eep. Immediately below the upper

be is -kno- as the ground^^^^^^ i^tof
more valuable coal exist, inere is,

'^P/^'^^^' ,
" ,

f ^ ordinary expense of

extensive workings without the necessity of
^ fj;^ °^he existence of a tiiick

raising the coal to the surface by means of
«t«'''™,~S"ir(x,d promise as regards

sandstone roofing, containing vegetable impressions offers pr
^^^^^^

this coal-formation. The samp es exhibited '°
f^^^^^-^'^^^ ^ to eraWy bright coal,

this mine were much broken by long carriage, but they showea a j b
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of a very laminated structiire, with indications of pyrites scarcely visible ; but it is

not unlikely that seams yet undiscovered may elicit a coal of a still better quality.

' The second sample of Brazilian coal exhibited in Paris was scarcely equal in quality

to the former, and seemingly was more slaty and_ more charged with pyrites. This

was brought from a mine in the province of Rio Grande do Sul, which has been

scantily worked for several years, but hitherto with little encouragement. It is situa-

ted on the Arroyo dos Ratos, a small stream that runs into the Rio Jacuahy, about
half a league distant from Sao Jeronymo, which is near 16 leagues to the westward of

Porto Alegre, the capital of the province, and which has an excellent water conveyance
between it and the seaport town of Rio Grande ; but with all the advantages of easy
transport, the coal has not been able to obtain a good reputation among the owners of

the numerous steam vessels that are constantly plying between the places above
mentioned, for which traffic English coal, notwithstanding its high price, is also pre-

ferred.

' There is another extensive deposit of coal in the same province, and which is said
to be a coal of very good quality ; but its distance, too far inland, and the want of
water conveyance, are said to be great obstacles against the probable success of any
attempt to work it in the present state of the coimtry. Mr. N. Plant thus describes

them :

—

' The only localities on the eastern coast of South America, between the river

Amazon and the riA^er Plate, where the existence of coal has actually been determined
are the two southern Brazilian provinces of Sa5 Pedro do Rio Grande do Sul and Santa
Catherina, and the neighbouring Republic of Banda Oriental, or Uruguay.

• Lignite, brown coal, and bituminous schists, to which the name of " carvao de
pedra,'' stone coal, has been applied in Brazil occur in thin beds along the coast and
in the interior ; but it is only in the two extreme southern provinces and the adjoining
Republic of Uruguay that beds of bituminous coal containing palaeozoic fossils have yet
been discovered. Nor should I think it likely from the observations I have made
during many years in nearly every province of the Brazilian Empire and the Republics
of the River Plate, that coal of so early an age as even the lower oolitic rocks will ever
be found in Brazil north of the province of Sta. Catherina, unless it be in the adjoin-
ing one of Parana.

' In the province of Sao Pedro do Rio Grande do Sul, three distinct coal-basins have
been discovered, and the extent and thickness of the beds of coal to some degree
determined. The district in which these coal-deposits are found is contained within
the limits of latitude 30° and 32° and long. 51° and 54°. The basins are separated
from each other by rolling hills of granite, syenite, and mica schist.

_ • The largest of these coal-basins is perhaps that occupying the valleys of the rivers
Jaguarao and Candiota, between lat. 31° and 32° and longitude 53° and 54°, called
^e Candiota coal-field. A detailed report of this appeared in the " Reports from Her
Majesty s Secretary of Embassy and Legation respecting Coal, 1867." Along a line
ranging from N.E. to S.W. the upper coal-beds of this deposit can be seen at inten-als
tor about 50 miles, where the superincumbent sandstone has been denuded, or the
strata worn through by streamlets, and the same may be observed from N.W. to S E
for about 30 miles.

'The falling away of one side of a hill some years ago on the banks of the River
Landiota, -near the basset-edge of the basin, laid bare five beds of coal, varying in
thickness from 9 feet to 25 feet, giving 65 feet as the total thickness of coal exposed.
Ihe coal from the lower beds, which are also the thickest, is highly bituminous : but
that from the upper is shaly and poor.

'The second basin lies in the valley of the Sta. Sep^, one of the tributaries of the
River Jacuahy, m about lat. 30° 20' and long. 53° 30'. Two beds appear here, one of
7 feet and the other of 14 feet, which have been traced over an area of some 15 milesand along the margins of other neighbouring streams. The coal in this deposit under-
hes sandstone, like that of Candiota.

• '^^.^f'f'^^no'''' i'
^^^"^ Sa5 Jeronymo, a town on the banks of the River Jacuahy,

in about lat. 30° and long. 51° 30'. This is the only coal-field being worked at the
present moment on the eastern side of the Andes, on the South American continent.
Although the beds of coal m this deposit are of less thickness than those of Candiotaand Sta. Sep6, tne nearness of the basin to the port of embarkation at the town of SaoJeronymo, which is only eight miles distant from the coal, renders the cost of landcarriage very trifling, compared to what it would be from the other two fields to anavigable nver. '

' Two shafts have been sunk in this basin to a bed of coal 6 feet thick, and a horsflway made into it, along which the co^l is drawn to the surface. Borings have beenmade m difierent parts, by which it has been ascertained that the whole basin sr,read«over an area of about 20 miles, and that other beds of coal exist und^r threieet^seam
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nv.S^ „1 .
want Of miners and machinery to work this mine on a largo scale, the

thiKr T*"
taken out at present does not exceed 200 tons per month,

^v^v f 11 '^''f
^1"^"°°'^ '-iJPP^y steamers navigating the River Jacuahy. This

. -^f^^,
^^icJi its outlet in the Atlantic Ocean at the

nZIIi«?.\°i ^w,'^^ .
^« said to be as good for steam purposes asNewcastlecoal with the exception of leaving more ash.

iho coal-bods in the Republic of Banda Oriental are situated on the head waters of

f?nn„T7 ^^''''i ^m"^"'?
32° long. 64° and 65°, where they can bo

traced lor several miles along the margins of the river and some of its tributaries : the
bods vary m thickness from 3 to 6 feet.

' The coal-deposits actually determined and surveyed in the province of Sta. Catherina

ooo 1 o
^^^^^ Tubarao, at " Passa-dous," between lat. 28° and

^
J

,
long. 49 and 50°. Hero beds of coal of considerable thickness can be seen along

tho margin of the river, and appear to extend over an area of several leagues, though
the limits of the deposits have not yet been ascertained. The fossil plants found in
this coal are of tho same character as those found in the ironstone shales interstratify-
ing the coal-beds on the Eiver Candiota in the province of Rio Grande do Sul,

' Beds of bituminous schist extend over considerable areas at Missao da Corda, on
the river Mearim, and in the valley of the river Itapicuru in the province of Maranhao,
and, associated with lignite, it is found along the mar^n of the river Camaragib^ in
the province of Alagoas, also at the mouth of the river Camamu in Bahia, and in
various parts of tho province of Pernambuco. Prom experiments I have had made in
England, these schists yielded from 16 to 20 per cent, of crude oil, though some
specimens I saw in :^ernambuco were so rich in oil as to readily ignite when applied to
the flame of a candle.

' Lignite and brown coal are found in thin isolated beds in many places along the
coast of Brazil, and in the provinces of Minas Geraes, Goyaz, and in the valleys of the
Eibeira de Iguape and Tiete in Sa5 Paulo.'
The West Indian Islands.—Cuba, in the vicinity of Havannah, produces a kind

of asphaltam much resembling coal, the analysis of which gives, carbon 34-97, vola-
tile matter 63-00, ashes 2-03. At New Havannah a similar combustible is found;
but it contains 71-84 of carbon. True coal does not appear to have been found in
Jamaica.

^
Sir H. de la Beche ('Trans. Geological Society of London'), describes three

or four thin seams of coal imbedded in shale near the north-eastern extremity of the
island.

Baebadoes.—Bitumen is found plentifully : and, on Grove Plantation estate, a good
coal is stated to have been found.
Trinidad.—The pitch lake of this island is well known. Near it, and it is believed,

extending under it, a true coal of superior quality is worked.
India.—Prom the ' Memoirs of the Geological Survey of India,' we extract the

following authentic information as to the coal resources of India :

—

Coal Resources of India,

1. Rajmahal Hills.—In this district coal-deposits occur in many places. In the

basin of the Brahmini, four or five seams are known, varying in thickness from 3 to

12 feet. In the valley of the Bansloi stream further north, several valuable beds of

coal also occur, and in the Goomani Valley, and towards the north-western end of

the range near Eorah. While the East Indian Railway was being constructed, many
of these beds were worked ; but since the opening of the line, very little has been

done. This railway should have opened a trade from this coal-field to Calcutta.

2. Eaneegunge.—This coal-field is at a distance of 120 to 160 miles N.W. of

Calcutta; its greatest length being nearly E. and W. about 30 miles, and the

greatest breadth nearly N. and S. about 18 miles. The area of coal-bearing rocks is

about 500 square miles.

The coal of this field is a non-coking bituminous coal, composed of distinct laminae

of a bright jetty coal, and of a dull more earthy rock. The average amount of ash is

some 14 or 15 per cent., varying from 8 to 25 per cent. The western end of the coal-

field produces coking coal at Sauktoria.

The Raneegunge coal-field has the advantage of two branches of the Indian Railway,

which traverse its richer portion. Professor Oldham has estimated that 14,000,000,000

tons are fairly obtainable from this coal-field.

3. Kurhurbali.—^itaaXQA. north of the river Barakur, about 80 miles south of tho

Luckieserai station of the East Indian Railway. Its greatest length is G\ miles
;

its

breadth nowhere being more than 2J miles. There are several beds of good coal

from 8 to 14 feet thick. The coal of Kurhurbali is of better quality than most of the
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Indian coal, and is used for locomotives by the East Indian Eailway Company, who

have purchased the greater part of the field. After carefully excluding one-fourth for

loss, waste, &c., it is estimated that 168,000,000 of tons of coal remain in this field.

4. Jherria.—This coal-field extends along the valley of the Damudah river. Its

greatest length is 21 miles, in an E. and W. direction
; its maximum breadth is about

9 miles N. and S. Total area 200 square miles. It is roughly calculated that this

field would yield 465,000,000 tons.

0. Bokaro.—This coal-field is but a mile west of the Jherria coal-field. It extends

along the valley of the Damudah , forming a long narrow band of coal-bearing rocks

of more than 40 miles from E. to W. ; its breadth N. and S. never exceeding 7^ miles.

It is a poor coal, used only for brick and lime burning ; but much has been raised

and carted to Hazareebagh, and even to Gya. It is estimated that 1,500,000,000 tons

of coal are in this field.

6. Ramgurh.—This small field occupies a triangular space. Near Eamgurh the

breadth in a N. and S. direction is only a few hundred yards. It extends eastward

about 12 miles, and at the eastern end expands to a breadth of 6 miles. Available

coal 2,000,000 or 3,000,000 tons.

7. Hoharo and Kanmpoora.—The field is of large extent, covering a surface of at

least 450 square miles. The South Karunpoora field is thought to occupy 120 square

miles. These fields are poor in coal, and what does occur is of inferior quality.

8. Eetcoora.—^Near Eetcoora, to the N.W. of Hazareebagh, coal occurs of poor
quality, but usable for brick and lime burning.

9. Falamow.—The principal fields of coal occur along the valley of the Damudah
and its tributaries. The actual limits of the field have not been determined, but the
district is poor in coal, and if worked it vidll be only to supply local demand.

10. SingrowUe.—Not far to the west of the village of Singhpur the colliery of
Kotah has for years been known, and a fair amount of good coal has been piroduced.

Coal exists in eight or nine localities, spreading over an area of about 40 miles in
length from E. to W., and 20 in breadth from N. to S. No details can be obtained.

11. Uppe/r Sone.—The prospects of any large amount of coal being available from
this district are not good. Some thin seams, apparently unworkable, were noted by
the Geological Survey in the Mahanuddy Valley, near the district of Bijiragoogurh.

12. Hutsoo or Chotteesgurh.—QoaX occurs in the Hutsoo near Koorba; in the
Beeja Kurra, 25 miles N.W. of Koorba ; and in the Labed, a few miles fm-ther in the
same direction. It is said to extend 200 yards along the bed of the former, and
about a mile in the latter. Coal was also found in the Chornai stream, a tributary of
the Hutsoo.

13. Talcher.—There is but little coal in this field, and that little poor in quality.
The total area of the coal-bearing rocks in the field is not more than 10 square miles.
' These coal-fields, in conjunction with the reported coal-fields near Chanda, on the
Wurda, and also the reported coal-fields in the vicinity of Sumbhulpor, will in a very
few years become of far higher value than they are now.' Oldham.

This opinion appears to be founded on the probability of the formation of a lino
of railway from Calcutta to Bombay. The Nerbudda Coal and Iron Company have
their works near Mopani, which are connected by a branch, fourteen miles in length,
with the main line of the Great Indian Peninsular Eailway. The coal does not appear
to be of a high quality, but still it is of considerable local importance.

. Many small
thm seams exist in several localities within Tawa Valley of the Nerbudda district, but
they are unimportant.

, -^f*
Biver.—Qoal occurs at Sirgori village. One seam was more than 4 feet

thick, and another seam 2 feet thick. (2.) Chenda or Digawani.—A seam with more
than 1 2 feet of coal. (3.) Hurrye.—A seam ; thickness unknown. (4.) Eawunwarra.—One seani with 6 feet 4 inches of coal. A second with more than three feet of coal.
(5.) Parassia.—Above five feet of coal. (6.) Bhundaria.—Seam of 15 feet 2 inches
with more than 7 feet of good coal. (7.) Pootaria.—More than 5 feet of good coal.
(8.) Burkoi.—About 6 feet of good coal. (9.) Gogri.—Six feet seam, with 6 feet of
coaL

This coal-field is nearly 100 miles from Nagpoor ; and this distance prevents any
profitable working. Coal has only been raised from one seam, that at Burkoi. Since
1860 one colbery has been held on lease ; but little has been done.

15. Chanda.—ThQ existence of coal has been proved by bonng, in the Wurdah
VaUey, and on the opposite side of the river. One or two sinkings have been com-
menced. •

16. Kota.—Ee&T Kota, on the Godaveiy, coal has been more than once reported
17. C7m!;cA.—The coal occurring at Cutch affords no hopes of proving valuable

'

18. Scinde^—Th^TQiB coal ; but ' as a source of fuel it was utterly worthless.''
19. Salt Range,—Tho Salt Range may, therefore, in my opinion be rejected from
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W dind. anl fn^^'^^'
°feood coal in India, excepting for immediately

To ^1.7'r ^ 'T^ purposes as this inferior coal miy suit.'
'

20 Murree #c.-Patchos of coal and lignite only.

Hitls. anTnttXfo^Sni^^ "'^'^ at the foot of the DarjeeUng

M^>J,Mv7t\ '''P thickness of 6 feet.of clean bright coal was seen,

iod ;nni
^ ^^'^ ^'thin 200 feet in length, 3 thick beds of

feet ocom « T ' °^ ^^'^"^ « ^^^^ thickness. At Jaipur a seam of 17

i-nnP.«S'
IS a good coal. Several other seams exist ; but from the

J^! f T^"^?
country it is not possible to obtain an approximate idea oftne amount of fuel available. ' It can, however, be unhesitatingly assorted that thisamount js very large and most valuable.'

23. Khad Hills.—Goodi coal occurs, especially well adapted for making gas.
Jr-rotessor Oldham estimates the available coal of the Khasi Hills at 3,000,000 tons.
it is not improbable that double this quantity will prove to be near the true
amount.

24. Coal-measures exist in the Garo Hills ; but the Geological Survey failed to find
any coal. At (25) Cachar small pockets of coal occur. Similar samples occur at (26)
Unttagong. In the island of (27) Cheduba a lignite is met with.

28. Burmah—Id. British Burmah no workable coal is known to occur. In Upper
Burmah some irregular beds of inferior coal were examined by Dr. Oldham. ' They
hold out no prospect of supplying anything more than a very local and limited demand,
and even this with inferior fuel.'

29. Tenasserim.—' Beds of coal near Mergui, in the Tenasserim Provinces, were
examined by Prof. Oldham in 1854. They hold out little prospect of affording a large
supply, while the coal is of inferior quality.'

Coal Districts of India, with their Areas and estimated Coal Contents.

Places Coal area in Estimated quantities of
Square Miles coal remaining

1 T?!iiTnn1in.l TTillaX. JAitll lllallaL ril 1 1 R .... Tons

2. Eaneegunge
3. Kurhurbali

400
10

14,000,000,000

168,000,000
4. Jherria 200 465,000,000
5. Bokaro 100 1,500,000,000
6. Eamgurh 30 3,000,000
7. Hoharo and 450 Unknown.

Karumpoora .... 120 Do.
8. Eetcoora Do.
9. Palamow Do.

10. Singrowlie Do.
11. Upper Sone .... Do.
12. Hutsoo ..... • • • Do.
13. Talcher 10 Do.
14. Pench Biver .... Do.
15. Chanda Do.
16. Kota Do.
17. Cutch Do.
18. Scinde. ..... Do.
19. SaltEange Do.
20. Murree ' Do.
21. Darjeeling . . . . Do.
22. Assam Do.

23. Khasi Hills 6,000,000 ?

24. Garo Hills Unknown.
25. Cachar Do.

26. Chittagong • • • Do.

27. Cheduba Do.

28. Burmah Do.

29. Tenasserim Do.

Estimated total quantity of coal in the"!
1,320 16,142,000,000

areas estimated above . . /
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According to the Eeport by Dr. OldJiam, the Assam coal-field must be regarded as
the most important amongst those of which the coal areas cannot be satisfactorily

ascertained. The inaccessible nature of the country renders it impossible to obtain
an approximation to the value of its coal-formations ; and from its situation, supposing
some local industry leads eventually to the development of its native resources, the
coal of Assam can never come into competition -with the fuel of other countries.

TJie Production of Coal in Indiafrom 1858 to 1866.

Compiled from Dr. Oldham's Eeport.

1

NameofCoal-flold.
No. of
Col-

lieries

No. of
Pits or
Quarries

1S53 1859 I860 1861 18C2 1863 1864 1865 1866

Tons Tons Tons Tons Tons Tons
..

Tons Tons Tons
Singdr&n Valley 43 ii2,220 86,994 80,792 83,060 105,191 104,222 114,561 124,162 169,313
Baniganj . . 11 31 181,119 172,697 171,261 153,882 166,727 184,778 163,838 162,521 190,766
Nilnia Valley B. 13 26 17,064 21,284 17,348 467 3,736 7,106 11,649 14. 91 7

w. 5 16 9,908 11,743 10,642 13,353 20,417 9,546 11,501W. of the field and
others 9 16 26,825 32,036 34,051 30,148 30,532 41,649 24,807 9,859 10,704

Rajmahal Hills.
Brahmini Nuddl 7 11 8,000 31,222 45,217
Bansloi Nuddi . 7 7 1,000 3,583 3,000 2*,367 l',641 "ll
Goomani Nuddi . 3 3,703 6,550 9,555
N.W. of Hills . 3 4 3,703 1,500 29,111
Kurhurbali 1 7 148 4,006 10,193 9,766 10",209 '940
Palamow . 1 148 1,061 1,144 1,234 1,621
Khasia and Jyn-
teah

.

2 863 1,023 1,144 598
Singrowlie and
Eewah .

Scinde, Synah
2 863 1,023 1,444 185 481 259 148 1,108

VaUey . 1 4 • « 1,680
Salt Bange

.

• •
"

7 '360 l',6l9 '540

Coal raised in India. The original returns are given in Bengal maunds = 40 seers
each =2,057 lbs. These have been brought into the English statute tons :—

Years Alllndia Produce of
Bengal

Production of
other parts than

Bengal

1858
1859
1860
1861

1862
1863
1864
1865
1866

Tons
238,241

374,379

374,998

289,120

320,142

354,203

335,783

327,517

401,279

Tons

368,960

373,633
288,336

319,660

352,036

334,533

326,312

399,630

Tons

5,419

2,365

784
482

2,167

1,250

1,205

1,649

There can be no doubt that i^there shluld ^inL''^''^ ^"^r"" ^eg^^ted. method,

there would speedily be an IcrS ed prodS^^^^ oT i't ^^T.f 1^.1,

given us by Dr. Oldham, from the East Man EaiW« SlvT
the coal used on that line, which is as follows ^ ^ ^ ^ ^"'^^^ «^

Tons
^

.36,71
1, leaving of coal raised in Bengal 251,6^5 for other uses.

1861

1862
1863
1864
1865
1866

45,544
68,063

99,868

104,739

188,133

274,116

283,973

254,665
221,573

211,497

From this we see that as the locomotives of the railwav havn hflAn 1. •

M,a.eoal,th,.ncrea»d .uppl,fa.„, th. Bengal colSeXT

9
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the demand, and in each year since 1863 there has boon a steady decline in the
quantity of native coal loft to moot the roquiromonts of the country.

Dr. Oldham tolls us, ' That during tho last eight years there has boon an aggregate
consumption of coal supplied for Bengal alone and tho port of Calcutta, of moro than
3,000,000 tons, of which about eight-ninths wero raised in India, and about one-ninth
imported

;
that there has on the whole been but little increase in the demand for coal

during that period.'

Coal of India.

Years
Coal raised in

all India

'

Coal raised
in "RpTlfnl

Coal imported
into Oalcuttfl.

Total consumption

Haunds Mauuds MaundB Hanitds

1858 61,62,319 61,62,928

1859 99,61,928 99,61,928 12,29,160 1,11,91,088

1860 1,00,88,113 1,00,88,113 4,96,685 1,05,84,698

1861 78,06,252 77,85,085 12,85,203 90,70,288

1862 86,43,843 86,30,843 6,76,687 93,07,630

1863 95,12,174 95,04,975 10,36,408 1,05,41,382

1864 90,46,147 90,32,405 18,18,132 1,08,50,537

1865 88,37,953 88,10,425 16,16,143 1,04,26,668

1866 1,08,34,551 1,07,90,035 9,14,427 1,17,04,462

1867 1,18,61,031 1,18,47,178 11,46,734 1,29,93,912

1868 1,35,62,274 1,34,65,829 • 19,28,591 1,53,94,420

' The produce of Assam is included in this.

In Oude no coal is known to occur. In the Punjaub no coal is known to occur,

if we except as above, in the North-western Provinces, the patches of lignite which

have been found in several localities along the base of the outer Himalaya, as well as

in the Salt Eange.
In Scinde the only coal raised was that of Synah Valley, as given above, but the

irregularity and the small extent of this deposit has caused it to be abandoned. It

was, in fact, an irregular patch of lignite.

In Bombay no coal is known to occur. In Hyderabad none. In Nagpore a small

coal-field is known near to Muret, on the border of the Nerbudda District, which

may, in fact, be considered a continuation (although actually separated) of the

Nerbudda deposits. The coal is not now economised.

In Madras no coal is known. Coal has been more than once stated to occur on

the Godavery, or some of its feeders, and even very recently ; but as yet nothing but

black shales, which will not support combustion, and which are, in aU probability,

of a totally different age from the coal-bearing rocks of India, have boon met with.

Mr. Theo. W. H. Hughes in the Eecords of tho Geological Survey of India, gives the

following estimate of the area of the Indian coal-fields. He adds to it a general

statement of other coal areas, which is retained, as it furnishes much information :—

Places

Area in square miles

over -vrhich coal rocks

may be presumed to

extend

Eemarks

India . 36,000 This mileage is made up as follows :

Godavari aron (including its affluents) 11,000

Sirgujah and Gangpur area . . 4,500

Assam 3,000

Narbada area (including its affluents) 3,500

Damuda 2,000

Rajmahal area . • . . .
300

Unsurveyed and uncomputed areas . 2,700

United States . 500,000

Square miles . • •
35,000

Tho productive area of coal is much loss.

Professor Hitchcock estimates the area of

tho true carboniferous system at 230,669

square miles.
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Places

China

Australia

British America
Groat Britain

Spain

Japan
Germany ,

Prance
Austria

Belgium
Trinidad

Borneo

Brazil

Cape Colonies

Denmark .

Falkland Islands
Greece

New Granada

New Zealand

Persia

Portugal .

Zambesi
Zanzibar .

Area in square miles
over which coal rocks
may be presumed to

extend

400,000

240,000

18,000

12,000

8,000

6,000

3,000

2,400

2,000

520
318

Romarka

This estimate is not thoroughly reliable, but
It IS certain that there ia an enormous coal-
bearing area in China.

In New South Wales the coal area is said to
be 120,000 square miles. In Queensland the
same area is supposed to exist.

Mr. Hull gives 5,431 square miles as being
stored with coal to the depth of 4,000 feet.

This estimate is vague ; some authorities give
4,000 square miles, others 2,000.

By Germany is meant all the German-speak
mg provinces, except those imder Austrian
rule.

Some of the Austrian brown coals approach
the Indian seams in thickness.

The coal of Labuan is reported to be of good
quality, and very fair coal occurs in the
barawak country.

There are large coal-fields in this splendid
country.

There is coal in this as in so many other
dependencies of the English Crown.

Only a smaU quantity of coal is raised in the
island of Bornholm.

These islands contain coal.
Lignites have been worked at Eoumi
The coal of this country is said to be creta-
ceous.

nn)J^^^^„^
^"^^^^^ 0^ <=oal in New Zealand

IS 4,000,000,000 tons.
A large area of coal is said to occur.
^^^'^gl^oal-field exists near the mouth of

This coal was brought to light by Livingstone.
Some coal, said to be Zanzibar coal, was
analysed by Mr. Tween, of the Geological

^^^0^ 42-4, volltile
matter 30-41, moisture 4 per cent., ash 27-2

BiZ!:':Zl::ro^X''S^o^^^^^ ^T.^^
and Brisbane to the town of

situated about half vayTetterSch and° ^^"Sl-
^'^''^^

importance to the steam naTSatiofrf M^^^^^
^« «f °i^ch

several collieries are established^ - The coal ^^^^^^^ ^^SS^
dipping south forty degrees east anele fmJ T ""t ^V'""

^^^^ thickness,
wked to its whole thicSiess eJ^finn^ ti, ".u*^"

""'^^^ ^^S^^^^' although not
"horse way." The main coal sep^^^^^^^^^^ ^'J*^'^

^'^^ ^^om fov the
the top coal is gootr "^^^^^^^

f^^^^^ the comeries

that district an abundance of pe'^rolcfm sTb / ^'^T'''
''''^

:Superior sphnt coal, and oil shales in abundance ^''^"^'^ gives a-
Vol. I,

3
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List of Collieries and Kerosene and 8MU Mines in New South Wales, with the Number

oj Persons employed, and Quantity of Mineral raised, in 18C9.

Mines Proprietors
Tons of

Coal

Tons of

and Shale
raided

No. of

people Eemarks
raised employed

1. Borehole . Australia Agricul- 108,108 376

2. Burwood .

tural Company.
Trustees of Dr. Mit- 2,930 12 Worked onlv about

3. Minmi .

cheU. three months.
J. ond A. Brown . 18,823

3274. Now Lambton

.

Ditto . 109,850 }
••

0. Wallseud , WaUsend Coal Co. . 154,000 320
6. Lambton . Scottish and Austra- 153,368 257

7. Waratali .

lian Mining Co.
Waratah Coal Co. . 127,184 285

8. Oo-oi)erativecolliGry Laidloy, Ireland, 44,000 180

9. Dark Creek .

and Company.
Wm. Steel 300 1 Only supplying saw-

mill.
10. Sunderland A. Tulip . 500 3 Local consumption.
11. Notts' Inganee seam Mr. Nott

.

8,266 18 Supplied to steamer at
Morpeth.

12. Mitchell's Seam John MitcheU

.

9,426 18 Ditto.
13. Bathlnba Pit . Mr. Tunks 600 2 For Maitland gas-

works.
14. Stoney Greek . Frank Enssell

.

900 4 Local consumption,
Maitland and envi-
rons.

15. AjiTil Greek . . Wm. Farthing 14,400 30 Good household and
steam coal, splinty
cannel.

16. Rix's Creek . Jas. EUiott 1,900 6 For supply of Single-

ton.

17. Bulli Wollongong . Bulli Coal Company 64,000 90

18. Osborne, Wallsend . Kobson and Co. 16,677 25

19. Mount Pleasant The Hon. James
Byrnes.

17,014 25

20. America Creek John Graham

.

1,300 1 For the oil-shale fur-
nace.

2l» button roresb . .
inn 4 OUtXlC^iy JIl worioiig

order.

22. America Creek John Graham

.

•• 2,076 10 For kerosene oU.
93 wpqf, TTprfmpiip Ooal Western Kerosene 3,000 12 Ditto.

Mine. Oil Company.
24. Hartley Kerosene Hartley Kerosene , , 1,200 7 For kerosene oil and

Coal Mine. Oil and Petroleum
Coal Company.

supply of gasworks.

913,246 6,276 2,012

Oil-coal and shale . 6,276

Total coal and oU-

1

shale . . . i

919,522 2,012 Persons employed.

In 1872 there were 20 collieries raising coal, and 3 raising petroleum oil, cannel

oil, and shale.

In the Newcastle District 7 collieries .

Anvil Creek, Stony and Four Mile Creek

District 4 collieries

Murrurundi District 1 colliery .

lUawarra District 6 collieries .

Lithgow Valley District 3 collieries .

New South Wales Shale Oil Co.

Tons Value

producing 858,716 £73,661

24,032 4,449

300 600

123,681 48,780

6,221 1,656

8,000 24,000

1,019,960 153,046Total Coal and Oil Shale .

Qtjeenslakd in 1863 exported 4,228 tons. The produce of the collieries being in

1861. 14,212 tons ; in 1862, 24,067 tons ; and in 1863, 2,400 tons.

M^. K Daintree, in his 'Notes on the Geology of the Colony of Queensland, has

the following remarks on the coal of that colony :—
, ^ , -mr •„

'Uprthe present time, within all the area occupied by Carbonaceous Mesozoic

Strata only the Maryborough beds have yielded fossil remains other than plants. Up

SelributlLs ofthJ Condinine, Brisbane and Mary riyers,-1"™
^nt

seams are known to exist, several of which have been and
^.''^ J^^f;

P^°^

remains are of the same character.' Mr. Daintree then gives a hst of the fossils from

tha Tivoli coal-mine, and then proceeds :

—



COAL 867

' The Bumim coal-seams, worked for some time on a branch of the Mary river, lie
beloAv the Maryborough Cyprina-Sandstones. ... Bars of coal axe a marked
feature in these Mesozoic lacustrine beds. ... The appearance of these lacus-
trine coal-measures dilfers in a very marked manner from their supposed marine
representatives to the.westward. Coarse grits and thick-bedded sandstones form the
majority of the strata, though shales, sandstones, and limestones are interstratified
throughout the system.

' Whilst the affinities of the southern coal-field of Queensland are Mesozoic anorthern field of even larger extent has a distinct fauna more resembling the PaSozoic

ZS^^Tf^r^'- • • -
The Dawson, Comet, McKenzie, and Bowen™drain this Carboniferous area, and numerous outcrops of coal have been observed onthese streams. No commercial use, however, has yet been made of any of them Ts

«iir jr"^''' f J^°°
^^^^^-i °^^<i« available untiUhe raiw!system of the country is extended in that direction '

i^diiway

fh.^Z^^^f^-~'?'!.!^^^T coal-measures (Ugnite) He on the eastern slopes ofthe axial rocks m both of the islands of New Zealand. This coal ilof a brnx^

S °a?f;?f-^f? ^"^^ - qua;tity 0? foss 1 resin, wS
S ftt fo^ /

It is in the locaKtyl valuable fuel, andl aTge y
rnuftSJofb^rff J^^ff"'

^^^^^'^g It is also applied to^the

from thrmouth of r u;i,JSt °? sea "coast, about three miles

4,000 tons.
° ° produced from the mines in this district was about

Tn^vlifse^^^^^^
At Grey rivr?he corekS^^^^ ZZM ^^''vl^^S '^^^''^ ™- i«

miles in length by 6 in width - AtT wfcS^'^ estimated at 15
to 300 tons per we k Tnd is takefr^ ^^f

'^-^ '^'P^^*^ 250
and delivered alonlsTde the vessels a? 4o7^i tl™T/°. "^T' ^""^ ^^^'^^^

tent on board the steam-vesseL that Ww^^^^
It has been used to a large ex-

A sman quantity of tWs coal « al.o f °i . u
^^^^ S^^^t satisfaction.

-o^>/^^odr^^^^^^ the Dunedin gas-
In the immediate neighbourhood of i-L

gas.

coal-seams is considered ferS over an area of ^t 1.77. '^'''T ^^^^^^^^
none of the seams having a less tUcCesntLn^^ f f i "^'^'''^^

^^^^°^^^S
pure coal, and the quantit7Sble ?n f^^^^^^

there is a total of 38 feet of
200 000,000 tons. ThefS oS^^^^ ^f.

^^.^^ ^^timated at
by Mr. Stafford to Lord Carnarvon

™ ^ anhydi-ous coal is given in the report

1. GreyEiver
2. BuUer Eiver .

3. WestWanganui
4. Pakawau.
5. Aorere
6. Batten Eiver
7. Wangapeka
8. "Wangarei
9. Kawa-kawa

Superior

Do.
Medium

Do.

Superior

Medium
Do.

Inferior

Superior

25 feet

38 „

Uncertain

Do.
Do.
Do.
6 feet

13 „

Level free

Do.
Uncertain

Do.
Level free

Do.
Do.
Do.

Shaft

called Xm,f,o„, ,evcn m1le° ac?o,sTe W fS"" '"'n" » "'C
Wt,...e pound. o,c„aU™u„*Ji,S;rc'/Sr
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iindor the superintondonco of the chief engineer, yielded 17'27 per cent, of ash, 1-5
per cent, of clinker, an average volume of smoke, and a strong durable flame. The
probable cost of the coal delivered would bo four dollars the ton on the spot

;
freight

to Hakodate would bo three dollars the ton, and to Yokoliama or Nagasaki six dollars
the ton.

Coal-fidd near the Port of Hiogo.—Siv Harry S. Parkes communicates (1867) to
the Foreign Office particulars of ' another coal-field in the immediate vicinity of the
port of Hiogo,' from Mr. Frederick W. Sutton, Chief Engineer of H.M.S. ' Serpent.'

_
The coal is of tertiary formation, and it crops out in a number of places on the

sides of a low range of hills, about six miles to the westward of Hiogo. These beds
have been occasionally worked by the natives. In February 1867, 30 men were em-
ployed, and up to May they had obtained more tlian 170 tons of coal. Mr. Sutton
says, ' the best coal brought out in my presence was quite equal to TaJcamm (Nagasaki)
coal. It is not of exactly the same description, but more of an anthracite kind.'

There is no evidence of the value of this coal, and evidently the statement of the
coal being of the tertiary age and of ' anthracite kind ' wants consistency.

At a meeting of the Geological Society of London, April 14, 1869, a paper was read
' On the Goal-mines at Kaianoma, in the island of Yezo,' by F. 0. Adams, Esq., Hon.
Secretary of Legation in Japan : communicated by the Secretary of State for Foreign
AfFdirs.

The writer states that the works at Kaianoma have made considerable progress
since they were reported upon by Mr. Mitford last year. There are four seams of

coal, each about seven feet thick, from 60 to 100 feet apart. A tunnel has been
driven through one of the seams for a distance of between 150 and 260 feet, and at

an elevation of 430 feet above the sea. From this the coal obtained is carried down
to the shore on the backs of men, mules, and ponies. The writer adds, that there is

abundance of coal ' of the cannel description.'

At the end of 1870, according to the 'Nagasaki Gazette,' the coal from Takasima,
which has long been known to be a good coal, was ordered to be used by all steamers

in the Japanese waters. The export of coal from Nagasaki has not increased of late,

but this is referable to the want of ships to take it away. 1,174 tons have been

shipped for, and several vessels were engaged in taking coal to China.

The Netherlands Trading Company are using the utmost energy in their efforts to

develope this coal. These mines are managed by an English mining engineer,

Mr. Frederick Potter. A large quantity of machinery, tools, &c. have been sent out

from England, and a large steamer has been purchased for the entire use of the

collieries.

The following information has recently (1874) been received from the coUiery of

Takasima :
—

' Our coal fossils here are oolitic. We have none of the coal-measure

flora, but great stumps of trees, which the Japanese call " matzii," the name for Scotch

fir, and which are no doubt coniferous woods. These hard stumps of trees give us

great trouble in our working, it being impossible to cut through them with the pick.

Only the islands are coal-measures, the main land being clay-slate with syenite ridges

;

and above the clay-slate, greenstone of the same age probably as the slate. We are

now (December 1873) getting 350 tons a day, but are very short of men.'

BoENEO.—In the province of Labuan, on the north-west coast, there is abundance of

coal of good quality. The seam is generally 9 feet in thickness. The coal foimd here

burns fast, and emits a bright flame ; it soon acquires a red heat, and continues in

that state until it smoulders into a white ash, like that of wood ; there is not much

smoke from it. For several years past the coal-mines of Moara have ceased to be

worked.

China.—There appears to be much good coal in China. It is procured from a

mine on the river Yang-tse-kiang, about 400 miles from its mouth ; of the other coal-

producing districts we know little.

Consul Braune in his report to Sir F. Bruce, says, writing from Tamsuy, January

21, 1864 : 'It is to the coal-mines of Kelung that wo must look to the future pros-

perity of this place as a port of trade ; a depot has been already established there by

a large firm to supply their own steamer, running on the coast.'

In 1863 there were exported from the port of Tamsuy, in British vessels, 10,801

piculs of 133 lbs. avoirdupois ; in foreign vessels, 1,269,152 cotties of Ij lb. avoir-

dupois ; also from the port of Tien-tsin, 180 tons, value 1,800 taels, of 6s. 4|rrf. each.

Mr. Consul Mongan's report for 186-i on the trade of Tien-tsin, says: 'I allude

to coal, extensive mines of which exist in the mountains to the north arid west ot

Peking. It costs about 16s. per ton at the pit's mouth, and more than double this

amount per ton is paid for transport to the coast ; but the mines are worked in tno

rudest way, and the little coal which finds its way from the western range ol l-ien-

tsin is conveyed on mules and camels from the mountains to Tang-chow on the Peilio,
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and thence down the river iu boats to this port. From the mines in the northern range
there is water communication of an indiflferent kind to Tien-tsin, but the quality of
their coal is much inferior to that wliich comes from the western mountains
At the meeting of the British Association at Bradford (1873) Baron von Eichthofen

road a paper On the Distribution of Coal in China.' The Baron has devoted several
years to the investigation of the geology, products, and resources of the interior rao-
vmces of China, and has traversed the whole country, with the exception of the south-
western portions. He stated, as the result of his researches, that China exhibits the
great pecuUanty of containing no geological formation later than the Triassic • all tho
g^eat secondary deposits, from the lias to the chalk, and all the Tertiary series beinff
absent._ It, has, therefore, been dry land throughout the wliole period of these later
formations; and to tliis peculiarity are owing the stupendous results of sub-aerial
denudation which it furnishes

; among which are the deep narrow gorees which it^
nvers have eroded nearly up to their sources, the rarity of cataracts and rapids andthe_ removal of rocks overlying the great coal-beds. The coal strata beloneed tovarious geological epochs, from the Silurian upwards; but by far the greater portionbelonged to the same fonnation as the coal of Europe and North America, 4 theCarboniferous. The coal-beds were deposited around mountains of metamorphic andprimary rocks which then constituted the land, and have lain horizontally, with littlecbsturbance, ever since that remote epoch. The deep ravines worn by the rivers cut

tWnS
these coal-bearing strata, and lay them bare on the precipitous sides; so thatthe coal IS easily accessible on the banks of the great streams. The author proceeded

fnd tZinSr'T.* S ''"l
in each province, beginning with Southern£ hur aand terminating with Honan In Manchuria the coal is confined to valleys in thehilly parts, and is not readily accessible to foreign commerce; it is accompaniedhowever, by an abundance of rich iron ore, which at some future date Ly beToXd

w 1

advantage to the country. Coal exists further west all aloJg the GreatWall; and there are beds 95 feet thick near Peking, in which city it s the fuel Sxmiversal use
;
but it is an error to suppose, as some have donefiat the high Milsround Peking consist of coal-measures; coal is found only in limited vaE .t n^eat elevation. The coal of Shantung, although not situated neaT^ood larWs isthe most accessible of all Chinese coal from the sea It B^fi^f nlcn f^^^+i,

provinces, but in districts offering much Swer ^ilSel T^^'Z^ of allXc3distnc SIS in the west and north-west; at the souther; foot oftt Le^^^^^^

cSa ^

I'n

«f the Kuen-Lun). which here streSaes^ ross WesternChina. In Sze-chuen coal occupies an area of 100,000 sauare milfi^ Af fL 7
of this vast basin the coal is%ad and inaccessible%u\ rounT ?S borders itTs S

vast limestone wall, 2,000 to 3 OO^ffet mS In the tn. ^ ""^I
^'"'^ ^

are 6d. per day. The Baron believed fhZ lhl Z'S\ ' . ^^^^^ °ii°ers

he^sSS^^^^ on Bushman's Eiverthe
post-tertiary deposits, compris ng tS^^^ covered by tertiary and
conglomerate. At Dassyklip hLd sandTonrnti

'^"^y- ^""^ ^^ay
is passed at a distance o/S mHes nS of 6r^^

'"""^ ^his series

Winchelsea beds of shale occuT and SensWv^^^^^^^
^^^^''^

most of the surrounding hills hWe a
"pS of S^^^^^^^ TW?° 'T^'^'continue as far as the Stormborg Mountains and fmTtl.« i 5 !^ °^ ^^^^

feet above the sea level. Abovf twra^ forminrtZ
^^"^e 4,900

stones, shales, &c. of which the StormS^ SZ^c^^^^^^ «-nd-
composed of bods of sandstone, usually vei-y thick brown L«5 ^^^-"^^^^"i-es are
frequently showing no traces of laminatirthrough Zy feS ZZ^''''Sheets and dykes of igneous rock are of fro^uWuSelcT^ttrwh^

area
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occupied by the coal-measui-es. The general dip of the coal-measures ie slightly
to the north-oast, but modified by the action of intrusive rocks.'

_
From the localities opened, the Government Eeporter is enabled to give the descrip-

tion of the condition of the coal-field from whieli the following abstract has been made.
At Vice's workings a shaft is sunk to a deptli of 70 feet. It cuts the coal at 4 1 feet. The
seam consists of alternate layers of coal and shale to a thickness of 3 feet 7 inches.
Of coal there are 25 inches. The lower seam 13 inches thick is of poor quality. The
middle one 9 inches thick is much superior, while the top 3^ inches is very inferior.

The coal is firm and hard, breaking out in good-sized blocks that do not readily
break up in transport. It is laminated, splitting into thin layers ; the faces of the
layers are of a dull, earthy black colour, while the edges are lustrous. When burnt a
good heat is given out, and the fire burns for a long time. The cinder is, however,
very considerable, and retains the form of the fuel when first ignited. It does not
fall into an ash. When burnt in a steam-engine or where a strong heat is induced, the
result forms a pasty cinder.

Hattingh's worldngs are about one mile to tho south-east of Vice's shaft, situate on
the same seam. Of coal there are 24 1 inches, with 3 partings of shale (15 inches) between'

the 4 layers. The third seam from the bottom, 6^ inches thick, is the best in quality.

At Kapok Kraal, aboiit seven miles to the south-east of Burghersdorp there are

28 inches of coal in 4 seams, distributed through about 16 feet of shale, on the opposite

side of the valley close to a neck where a trial has been made by means of a small

shaft, there are two seams, one 16 inches, then 2 feet of sh^le and 9 inches of coal.

Buckley's drive is opposite and about 300 feet above the hotel at the base of Bush-

man's Hoek. The outcrop of coal and shale is of very inferior quality, and about

3^ feet thick. About nine miles eastward from Dordrecht a seam of coal occurs 8

inches thick at November's Kraal, Tambookie Location. All the appearances are

favourable to the presence of coal in this neighbourhood and throughout the district.

Besides the above localities, the seam worked by Vice and Hattingh can be traced for

miles along the hill sides. Numerous other outcrops are known, but they are not

opened out.

Mr. Dimn says :
—

' There can be little doubt that more extensive deposits, and

probably superior quality of coal, will be found further north and north-eastward (in

Basutoland and Kafirland Proper, extending towards Natal).

For the Heating Power of British coal, see Fttei,. For Coal Mining, see MiNtN-G.

COA£ BRASS. This name is given to the iron pyrites {bisulphide of iron), found

in the coal-measures, and which are employed in Yorkshire, and on the Tyne in the

manufacture of copperas—the protosulphate of iron—and also in the alkali works,

for the sulphur they contain. See Sulphue Oees.

The iron ores called Brass, occurring in the coal-measures of South "Wales, were

particularly described by E. Chambers Nicholson and David S. Price, Ph. D., F.C.S.,

at the meeting of the British Association at Glasgow. Their remarks and analyses

were as follow :

—

' There are three kinds of ores to which the name brass is applied ;
they are con-

sidered to be an inferior class of ore, and are even rejected by some iron-masters.

One is compact, heavy, and black, from the admixture of coaly matter, and exhibits,

when broken, a coarsely pisiform fracture. A second is compact and crystalline, not

unlike the darkest-coloured mountain limestone of South Wales in appearance. The

third is similar in structure to the first-named variety ; the granules, consisting of iron

pyrites, are mixed with coaly matter, and cemented together by a mineral substance,

similar in composition to the foregoing ores. It is from the yellow colour of this

variety that the name brass has been assigned to the ores by the miners.

* The ores have respectively the following composition :

—

I n III

Carbonate of iron .

Carbonate of manganese

Carbonate of lime .

Carbonate of magnesia

Iron pyrites .

Phosphoric acid

Coaly matter .

Clay

68-71

0-42

9-36

11-80

0-22

0-17

8-87

59-73

0-37

11-80

15-15

trace

0-23

9-80

2-70

17-74

14-19

12-06

49-72

6-10

99-56 100-18 99-81
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' It is unnecessary to allude to the third variety as an iron-making material ; its
colour admits of its being at all times separated from the others. The pyrites which
it contains, we may remark, is bisulphurot of iron.

'It is to the ores I. and II. that we would direct attention. The reason of their
having hitherto been comparatively disregarded may bo attributed either to their
having been mistaken for the so-called brass of coal, or to their being dilficult to workm the blast-furnace in the ordinary manner, through the beUef that they were similarm constitution to the argillaceous ores of the district. It will be seen from the above
analyses that they are varieties of spathic iron ore, in which the manganese has been
replaced by other bases. If treated judiciously, they would smelt Tdth facility and
afford an iron equal to that produced from the argillaceous ores. Prom the larraamount pfhme and magnesia which they contain, their employment must be advan-
tageous in an economic point of view.

ciuvdu

'An interesting feature in these ores is their fusibility during calcination on thelarge scale When this process is conducted in heaps, the centre portions are invari-ably melted. This, considering the almost entire absence of sili^, is apparently anunexpected result. The fused mass is entirely magnetic and ciystalEne. SeatedSacids, It dissolves with great evolution of heat.
J'

«•
-treatea wim

The following is its composition :

—

Protoxide of iron .... 38"28
Sesquioxide of iron

.

Protoxide of manganese
Lime
Magnesia
Phosphoric acid
Sulphur .

Silicic acid

Alumina

32-50
0-38

12-84
13-87
0-17

0-23
1-20
0-51

99-98

nw^^Tf?
above analysis, It is probable that the fusibility of the comwuna ,aowing to the magnetic oxide of iron acting the part of an acid WhJ^^ i i

calcined and unfused, the ores retain their origin&m • and Tf extS^fn ^r^'^^any le.gth of time crumble to powder from the ^^sl^tioTofilTl^^^^^^

m the arts, and has only been obta ned in a state of ^^rlft -
""'P^y^^ such

dehcate operations in the laboratory. L^e the aSedmS ^-'^ quantities by
and chromium, it.may be obtainedTn a dtwoted pu^y^^^^^^^^^oxide to redness, m a current of hydrogen, or in a coi3of nr. ^ ^^^^^^'''S its

reduction with carbon atthe highest temper^toeyaiSSn « - ^ "^'^^^^
m the last-mentioned way it is a brilliantSt ^n air furnace. Prepared
than nickel or iron, but Ire so ti^ cLZ^X l?is Sfd^'f

^"^^^^^

next in the scale to iron. If carbon be t)MsS^M^"J decidedly magnetic, coming
reduced metal, forming a compounteo^^^^^^^
melted, in a perfectly pure state, by heatinf oLl^f^^S ^'i.^-*'

""^^ obtained
crucible, to a strong white heat whon tt^ f of cobalt in a closely-covered

of the oxalic acid, Ls : 000.0^03 - Co ^^^^^^ ''^f
^^duced by the carbon

it is very brittle, but Deville stateslLt Scob^? i .a higher degree than iron. The specSfffSL S-V f^f^^'^^
tenacious, even to

iron. Quite recently metallic cobalt hafbl^n ^™ ^ ^""le aUoy with
Germany, and is sail to be used as Lh L c^^^^^^^

^ commercial sie in
Oees of Cobalt.—The number of V^^-^T'

they are restricted to a ve^Tew locIliS TheT^^^^ "'^^V'
^""^

species:- ^
w localities. The following are the most important

1. Smaltine, Tin-white Cobalt. Svdsi CnhnU rr^ i? -kt-s .

This is of a steel or lead-grey colC and ml S'l '; W*) As^.
system. The hardness is aboufc tJIt of fTspar lTl7?f^^:'^^ ^° «^Wca
one or other of the three bases prevails thr^'c^^^; ^1 ^ '° According as
be deduced, as foUow:- ^ ^^"^'^ ^'"^^^^ types of composition may

I. CoAs(CoA8^)= Cobalt, 28-2; Arsenic, 71-8 per cent. SpeissM r .
n. NiAs (mAs^) = Nickel 28-3,- „ 71-7 ,

fcSnS '

ni. FeAs(reAs^)=Iron, 27-2; „ 72.8,, „ S^t^"^^'^"'
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Tho varieties I. and II. occur in considorablo quantities at Schneeberg, in Saxony
associated with silver, copper, and other pyritic ores, quartz and homstono replacing
sulphate of baryta, fluor, and spathic carbonates ; also at Eiechelsdorf, in Hesse ; in
IJohomia, Sweden, and in a few localities in tlio United States. They have also been
lound in Cornwall

; among other places, at Wheal Sparnon, and Saint Austell
Consols. Tho nearest natural mineral in approach to type No. I. contains about
23 per cent, of cobalt

; as a rule, however, tho nickeliferous varieties are the more
common.

_

The predominance of one or other metal may be determined by exposing
the specimens to damp air, when a green crust of arsenate of nickel forms on the
varieties in which nickel is most abundant, while a pink incrustation is produced on
those richest in cobalt. Typo No. III. is tho mineral known as arsenical pyrites,
which, in reality, often contains a little cobalt, and is treated as a cobalt ore.

2. Cohaltine, Grey Cobalt, Bright WJdte Cobalt, or Cobalt Glance (CoS' + CoAs)
(CoS-H-CoAs") differs from Speiss cobalt chiefly by having part of tho arsenic
replaced by sulphur. It crystallises in the cubical system in forms similar to those
of iron pyrites, is of a white colour, with a slightly bronze-rod tinge, and a brilliant

metallic lustre. Its hardness is less than that of felspar, and specific gravity about 6.

The typical composition is: cobalt, 35"6 per cent.
; arsenic, 45*2 per cent.

; sulphur,
19'3 percent. The purest natural varieties contain about 33 per cent, of cobalt;
these occur in Sweden. At Siegen, in Ehonish Prussia, a variety is found containing
only 8 or 9 per cent, of iron, forming three quarters of the whole amount of bases
present. Unlike the preceding species, it does not contain nickel.

3. Linnesite or Cobalt Pi/rites,—This, although crystallising in the cubical

system, is analogous in composition to copper pyrites, being represented by the for-

mula CoS + Co^S* (Cos + Co^S'), with 68 per cent, cobalt and 42 per cent, sulphur

:

part of the base in either term may be replaced by copper, nickel, or iron. It is the

richest of all cobalt ores, some varieties containing as much as 53|- per cent, of that

substance. It is, however, rare, being found to a small extent only in the Siegen

district, and in Sweden.
Among the products of the alteration of the above minerals, are—4. Cobalt Bloom,

of the composition SGoO.AsO^ + 8H0 (Co^As^O^ -i- 8K^O) with 37^ per cent, of oxide

of cobalt : and- 5. Earthy Cobalt Ore, a variety of the substance known as Wad or

Bog Manganese, which at times contains as much as 15 or 20 per cent, of the same
oxide, together with the oxides of iron, manganese, and copper. 6. Cobaltic Bismuth

Ore, is a finely crystalline mixture of Speiss cobalt and bismuth-glance, found occa-

sionally in the Schneeberg district, containing 10 per cent cobalt and 4 per cent,

bismuth. The ores of cobalt, as they come into the hands of the smelter, are, as

a rule, so much mixed up with those of nickel, that they are worked for both metals.

See Nickel.

The use of cobalt in the arts is

mainly confined to the production

of glasses coloured blue by oxide

of cobalt, which, when finely pul-

verised and levigated, are used

as pigments under the name of

sTiialts. Oxide of cobalt, in a pure

state, is also prepared, to a certain

extent, for the use of porcelain

manufacturers. The first point to

be considered, therefore, is the

production of the oxide, and next

the fusion with a sufficient quan-

tity of siliceous matter. Earthy

cobalt ore may be used in the

fusion process, without any further

preparation; but those that con-

tain sulphur and arsenic must be

subjected to a preliminary calci-

nation. Mg. 484 is a horizontal,

and fig. 485 a vertical section of

the roasting furnace employed for

this purpose in tho Saxon smalt

works. The fire-grate is placed

on one side of the hearth, which

is of irregular form, being about six feet in breadth at the further end of the fuxnace.

diminishing to 27 inches at the working door. Wood is the fuel employed. The

arsenical vapours given off during roasting, pass out through tho opemngs, a, a, oy a
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system of flues, h, h, in the direction shown by the arrows, into a chamber where
they are deposited, and may be subsequently used in the manufacture of arsenical
products. The charge is from 3 to 5 cwts.; the degree to which the roasting is
carried varies with the composition of the ores. When many foreign metals are
present, they must not be roasted 'dead' or ' sweet,' but sufficient arsenic or sulphur
must be left to form with the less oxidisable metals, more especially copper and
nickel, a speiss or regulus which separates from the blue glass produced in the fusion
process, and subsides to the bottom of the melting pot. The oxides of those metals
that are more easily oxidisable than cobalt, such as iron and bismuth, maybe partially
removed by an addition of metallic arsenic in the fusion, whereby the latter oxide is
reduced and passes into the speiss with the production of arsenious acid, which tends
to heighten the colours produced. Earthy cobalt ores containing much' iron require
an addition of arsenious acid, in order to convert the protoxide of iron, which has a
strong colouring power, into peroxide, which is of less consequence. In some works
the roasting is performed in mufae furnaces, the hearth being heated from below so
that the ore does not come into contact with the flame. Ores containing bismuth are
subjected to the process of liquation previously to roasting.
When the ores are very impure,

486or when it is wished to produce
very deep blue colours, they are
subjected to the process of concen-
tration. Common ores, and those
that are rich in copper, are first

slightly roasted, and then fused in

crucibles in the smalt furnace de-
scribed below, with broken glass
fragments, charcoal dust, and car-

bonate of potash. When the mix-
ture is in a state of complete
fusion, the slag is partly removed
at intervals, and fresh quantities

of ore are added, until a sufficient

quantity of speiss is produced. In
this process, the oxides of iron and
copper in the ore form an easily

fusible slag with the glass, while
the cobalt is reduced by the char-
coaj to the metallic state, and unites
with the arsenic to form a speiss.

If the roasting is carried too far,

or if there is an insufficiency of
arsenic or of reducing matters in
the mixture, a certain amount of
oxide of cobalt will be taken up
by the slag. The concentrated
speiss produced is then pulverised
and roasted ' sweet,' leaving a
nearly pure basic arsenate of oxide
of cobalt.

The smalt furnace, figs, 486 and
487, is similar in construction to
that used for melting flint glass.

The fire-place, in which wood is

burnt, is a long narrow rect-

angular chamber, with a vaulted floor perforated by draught holes d d •

chamber, is the ash-pit; the flame passes through the hole, a, into' me meltmcchamber above, which is a low domed structure, containing six melting rots f f f
are the working doors.-they are faced with cast-iron frames in the ordinary wkvThe waste flame, after heating the pots, passes through the small flues i i into a
system of chambers, where it is employed in the accessory operations of 'calcining
quartz, or drying wood for fuel, h h, are arches through which the pots are insertedor removed,—they are built up when the furnace is at work. At e e e are sm«lT
holes, corresponding with similar ones in tlie pots, for removing the snei'qq fm-rnlri
during the fusion. The charge consists of roasted ore, with from 1 to Ifi
its weight of quartz previously calcined and reduced to a flne powder and c^rbnnlf!
of potash to the extent of about fths or iths of the amount ortho qSartr £.1pot contains about 3 cwts.; the fusion takes place at a low temperatSo. the glasa

c, the lower
the melting
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being frequently stirred with an iron rod in order to render it perfectly homogeneous

;when this point is attained, the stimng is discontinued, and the spoies is allowed to
settle. In 6 or 8 hours, the glass is sufficiently fluid, and it is then ladled out with
iron ladles, and thrown into water. After the contents of two pots have Ijcen
removed, the working doors arc closed, and tlio fire is urged for some time, in order to
bring the contents of the remaining pots which havo somewhat cooled down to a
proper degree of fluidity.

Chinding the rna^is.—The bluo glass, rendered brittle by sudden cooling, is stamped
or crushed, sifted, and ground wot, under hard stones. The finely-divided glass
from the mill is then passed through a system of washing-vats ; the fiirst three ^ve a
coarse sand which is usually retiu-nod to the mill for further grinding, the finer slimo
IS allowed only a few minutes to deposit in No. 4, about a quarter of an hour in No.
5, then it filters more slowly through No, 6, and finally into a slime-pit, where the
whole of the suspended matter is deposited. The darkest coloured smalts, known m
King's blue or azure, are found in vats Nos, 4 and 6. No. 6 gives the lighter coloured
tub smalts. The pale blue powder from the slime-pit is mostly returned to the melting
furnace

SiO." Al'O'. FeO. CoO. KOandNaO.

I. Norwegian high coloured . 70-9 0'4 0-3 6'5 21-4 C with some car-
n. German pale coloured . . 72-1 1-8 1*4 2*0 20'0 \bonate of lime.

Smalt is therefore a kind of glass coloured by oxide of cobalt. One part of oxide
of cobalt communicates a distinctly bluish tinge to 240 parts of glass ; with more
than 18 per cent, the glass becomes black. In practice a potash-glass is always
employed, and hence smalt may be regarded as a double silicate of potash, and prot-

oxide of cobalt. Soda cannot be substituted for the potash, as it produces an inferior

colour, and the same remark applies to some other oxides. The following are the
principal facts observed with regard to the influence of the oxides of other metals
on the colour of smalts. Baryta heightens the tone, giving an indigo tinge ; soda,

lime, and magnesia, have a decidedly lowering effect, and produce a reddish shade

;

alumina has no effect on the purity of the colour, but lowers its intensity ; iron pro-

duces a blackish-green dull tinge, which is very prejudicial to the higher coloured

varieties
;
manganese communicates a violet shade, as does also nickel, but in a much

higher degree. Copper, zinc, bismuth, and antinvony, all give a dull dirty shade,

especially to the higher colours. Oxide of lead has no effect on the colour, but as it

increases the specific gravity of the glass, and causes the ground smalts to subside

too rapidly in the washing vats, producing an incomplete separation, its presence in

the mixture is not desirable.

In commerce, smalts are classified both according to their contents in cobalt, and

the size of the grain, the following being the chief marks :

—

F.C. Fine colour. F.G.B. Fine Bohemian colour. F.E. Fine Eschel.

M.C. Middling colour. M.C.B. Middling Bohemian colour. M.E. Middling Eschel.

0.0. Ordinary colour. O.C.B. Ordinary Bohemian colour. O.E. Ordinary Eschel.

In the above scheme, the words fine, middling, and ordinary, indicate the relative

quantities in cobalt, while colour, Bohemian colour, and Eschel, express the state of

division. The two former are composed of angular fragments, while the latter are

the finest-rounded grains deposited in the lowest washing vats and the sHme-pits.

Smalts that are darker in colour than F. are indicated by multiples of that letter,

the highest being FFFFC ;
while, on the other hand, those that are lower than 0 are

distinguished by exponents following the second letter, thus 0C^ 00* contain respec-

tively only i and \ as much cobalt as 0.0.
.

Zaffre, or Safflor, is the name given to a mixture of roasted ore and quartz, similar,

in fact, to that employed in smalt-making,, but without potash. It is used either for

pottery purposes, or for bringing up the colour in smalts made from low-classed ores.

Formerly smalts were used to a great extent in colouring paper, but at present

artificial ultramarine is almost exclusively used for this purpose (see Ulteamaeine).

For an account of the method of assaying cobalt ores, see Nickel.

The imports of cobalt can no longer be given ; the Custom-house authorities now

returning the cobalt ores as ' Ores unenumerated.'

COBAKT BIiOOIVI. Hydrous arsenate of Cobalt commonly occurring as a

peach-blossom coloured incrustation on arsenical ores of cobalt. It is also found in

crimson or peach-red crystals, and is known mineralogically as Erythnne. When

abundant it is used in the preparation of cobalt colours. See Cobait.
_

COBAXiT BI.TTE, or TMnard's Blue, is prepared by precipitating a solution

of sulphate or nitrate of cobalt by phosphate of potash, and adding to the resulting
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gelatinous deposit from three to foiir times its volume of freshly-deposited alumina,
obtained by the addition of carbonate of soda to a solution of common alum. This
mixture, after being well dried, calcined, and ground, affords a blue pigment.
COBAIiT BRblVZS. A violot-coloured substance, with strong metallic lustre.

It consists of pliosphate of protoxide of cobalt, and phosphate of ammonia.
COBAliT, EARTHY. A protoxide of cobalt with oxide of manganese, from

Saalfeld, in Thuringia.

COBAIiT GIiANCE. A synonym for cobaltine. See Cobaxt.
COBAI^T CBEESr, or Binmann's Green. This pigment is a compound of oxide

of cobalt and oxide of zinc. It is prepared by mixing a solution of sulphate of zinc
with a salt of protoxide of cobalt, and precipitating with carbonate of soda • the
precipitate is then washed, di'ied, and heated.

'

OOBAZiT SPEXSS. A substance obtained in the preparation of smalts, and
consisting chiefly of arsenide of nickel, derived from the nickel associated with the
cobalt ore. The speiss is used in the manufacture of nickel.
COBAZ.T TyiTRAJWARlKTE. Th^nard's Blue. See CoBAiT Bitje.
COBAXiT VBItliO-W. An orange-yellow pigment precipitated from an acidified

solution of mtrate of protoxide of cobalt by means of nitrate of potash.
COCA. The leaves of Erythroxylon coca; mixed with burnt lime they are

chewed by the natives in parts of South America. See Ebttheoxtiok Coca.
COCCOI.OBVS. {k6kko^, a berry

; \o^6s, a pod.) The Coceolobus unifera, or
seaside grape, is a tree about twenty feet in height, with leaves of a glossy green
colour—the nerves being a deep red. The fruit is in bunches, and is eaten in the
West indies. The wood yields a red colouring matter, which is used for a dye: and
tne wood Itself, which is hard, is employed in cabinet work. A decoction of this plant
IS evaporated to form a substance known as Jamaica Kino.
COCCtriTTS XNHTCVS, or Indian berry, is the fruit of the Anamiria paniculata,a large tree, whichjrows upon the coasts of Malabar, Ceylon, &c., and belongs to theMe,mper?mceca ox Moon-seed order. The fruit is blackish, and of the size of a large

l^^.- 1 f
°d poisonous qualities to the vegeto-alkaline chemicalpnnciple caUed^zcroz;oa;m, of which it contains about one-fiftieth part of its weight ItIS sometimes thrown into waters to intoxicate or kill fishes; and it is said to havebeen employed to increase the inebriating qualitites of ale or beer. Its use for this

lyZll'
Parliament, under a penalty of 200^. upon the brewer,and 500i. upon the seller of the drug.

./ ir- o>»ux.

However, Dr. Pereira states, ' I am not acquainted with any official returns of the

IZe lSTHl 'T^^' '"^'^ -^driigist's private bo^oks I find Sin l83

Tb™? f-
t^^s probably is much below the quantity imported.

SaTe '
mS?/' '^^'^^l

P^^etices-principally for adulterating beerand ale. Morrice, in his treatise on brewing, directs that in the manufacture of

?I°S.?'T ^T^f -^T"/"?
^'^'''^ ^^^'^ ten qSers of malt

he aS '-Z'
^^^^n-ting quality, which passes for strength of liquor ; ^and

rto *^'^^V.^.P?'??*' ^° fermentation in bottled bee?, and consequentlvthe bursting of the bottles in warm cHmates '
i-oiifaequenuy

the^C^sfot!T.l """'^Y of ^^^^ ^as unknown to

S t£ delteZs^^S?^ ™« ^-t^'-^S

docks
°f ^^'^^ a very large quantity was then in the London

p™^'''^^''.?^ mixed with lard is used to destroy pediculi • hence theGemans call those grains Lduse/cbrner, or lousegrains.
^ ^ "

advantages are compensated m some measure to the OTowers bv ^tc Lir,^ a

opuntias. It may, therefore, be hoMd thnt ,> w^ii il • ^ ,

Tie cochmeal, when woU dnod ana well preserved, should havTa grey colour
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iWtfo^f whir^ltniJIlfl)^'^
'° powder which naturally covers theinsects, ot which a little adheres, and to a waxy fat. The purple shade arises frr^

wiJh'lTlM f
"''"'^ ^""^"^ ^" ^^1"^^^ killed^ The gJaints^inS

hu n^nn f™' r^'^"^' ^^'^'^^ ^^^'''^ ^™ intersected in the middle byTlonStucbnal one
:
hence, when viewed by a magnifier, or even a sharp naked eye o.SeciaUv

S e ac ItifuTs^^^^^^^^^ ''r' i?-^"^-' - oas?ly distin^^'iZdSS wWell ; i^
el^f Wack grains, of no value, caUed East India cochineal.A^atn which It is often shamefully adulterated by certain London merchants Thegenuine cochineal has the shape of an egg, bisected through its lo^g axis or of atortoise, being rounded like a shield upon the back, flat upon the belfy. and Sthout

These female insects are gathered off the leaves of the nopal plant after it hasripened Its fruit, a few only being left for brood : they are killed either by a momentaryimmersion in boiling water, by drying upon heated plates or in ovens : the last become
01 an ash-grey colour, constituting the silver cochineal, or Jaspeada; the secondare
Dlackisli. called nep-a, and are most estoomod, being probably driest : the first arereddish brown, and reckoned inferior to the other two. The dry cochineal beine
silted, the dust, with the imperfect insects and fragments which pass through are
sold under the name of Granillo. Cochineal keeps for a long time in a dry place
Hellot says that he has tried some 130 years old, which produces the same effect asnew cochineal.

We are indebted to MM. Pelletier and Caventou for a chemical investigation of
cochineal, m which its colouring matter was skilfully eliminated.

Purified sulphuric ether acquired by digestion with it a golden-yellow colour
amounting, according to Dr. John, to one-tenth of the weight of the insect. This
infusion left, on evaporation, a fatty wax of the same colour.

Cochineal, exhausted by ether, was treated with alcohol at 40° B After 30
infusions in the digester of M. Chevreul, the cochineal continued to retain colour
although the alcohol had ceased to have any effect on it. The first alcoholic liquors
were of a red verging on yellow. On cooUng, they let fall a granular matter. By
spontaneous evaporation, this matter, of a fine red colour, separated, assuming more
ot' the crystalline appearance. These species of crystals dissolved entirely in water
which they tinged of yellowish red.

'

This matter has a very brilliant purple-red colour ; it adheres strongly to the sides
of the vessels

;
it has a granular and somewhat crystalline aspect, very different,

however, to those compound crystals alluded to above ; it is not altered by the air,
nor does it sensibly attract moisture. Exposed to the action of heat, it melts at about
60° (122° F.). At a higher temperature it swells up, and is decomposed with the
production_ of carburetted hydrogen, much oil, and a small quantity of water, very
slightly acidulous. No trace of ammonia was found in these products.
The coloiiring principle of cochineal is very soluble in water. By evaporation, the

liquid assumes the appearance of syrup, but never yields crystals. It requires of this
matter a proportion almost imponderable to give a perceptible tinge of bright purplish
red to a large body of water. Alcohol dissolves this colouring substance, but, as we
have already stated, the more highly it is rectified, the less of it does it dissolve.
Sulphuric ether does not dissolve the colouring principle of cochineal ; but weak acids
do,_ possibly owing to their water of dilution. No acid precipitates it in its pure state.

This colouring principle, however, appears to be precipitable by all the acids when it

is accompanied by the animal matter of the cochineal.

The affinity of alumina for the colouring matter is very remarkable. When that
earth, newly precipitated, is put into a watery solution of the colouring principle,

this is immediately seized by the alumina. The water becomes colourless, and a fine

red lake is obtained, if we operate at the temperature of the atmosphere ; but if the
liquor has been hot, the colour passes to crimson, and the shade becomes more and
more violet, according to the elevation of the temperature, and the continuance of

the ebullition.

The salts of tin exercise upon the colouring matter of cochineal a remarkable
action. The proto-chloride of tin forms a very abundant violet precipitate in the

liquid. This precipitate verges on crimson, if the salt contains an excess of acid.

The bi-chloride of tin produces no precipitate, but changes tlie colour to scarlet-red.

If gelatinous alumina be now added, we obtain a fine red precipitate, which does

not pass to crimson by boiling.

To this colouring principle the name carminio acid has been given. It forms the

basis of the beautiful pigment called carmine. A very complete examination of the

colouring matter of the cochineal insect has been made by Dr. Warron De La Euo.

See Caemike.
The carmines found in the shops of Paris have been analysed, and all yielded the same
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products. They -vrero decomposed by the action of heat, with the diffiision at &st of a
very strong smell of bui-ning animal matter, and then of sulphur. A white powder
remained, amounting to about one-tenth of the matter employed, and which was found
to bo alumina. Other quantities of carmine were treated with a solution of caustic

potash which completely dissolved them, with the exception of a 'fine red powder,
not acted on by potash and concentrated acid, and which was recognised to bo red
sulphuret of mercury or vermilion. This matter, evidently foreign to the carmine,
appears to have been added, in order to increase its weight.

The preceding observations and experiments seem calculated to throw some light
on the art of dyeing scarlet and crimson. The former is effected by employing a
cochineal bath, to which there have been added, in determinate proportions, acidulous
tartrate of potash and nitro-miiriatic deiitoxide of tin. The effect of these two salts
is now well known. The former, in consequence of its excess of acid, tends to
redden the colour, and to precipitate it along with the animal matter ; the latter acts
in the same manner, at ftrst by its excess of acid, then by the oxide of tin which
falls down also with the carmine and animal matter and is fixed on the wool, with
which it has of itself a strong tendency to combine. MM. Pellotier and Caventou
remark, that ' to obtain a beautiful shade, the muriate of tin ought to be entirely at
the maximum of oxidisement ; and it is in reality in this state that it muse exist in the
solution of tin prepared according to the proportions prescribed in M. Berthollet'a
treatise on dyeing.'

We hence see why, in dyeing scarlet, the employment of alum is carefully avoided,
as this salt tends to convert the shade to a crimson. The presence of an alkali would
seem less to be feared. The alkali would occasion, no doubt, a crimson-coloured
bath ; but it would be easy in this case to restore the colour, by using a large quantity
of tartar. _We should, therefore, procure the advantage of having a bath better
charged with colouring matter and animal substance. It is for experience on the
large scale to determine this point. As to the earthy salts, they must be carefully
avoided.

To obtain crimson, it is sufficient, as we know, to add alum to the cochineal bath,
or to boil the scarlet cloth in alum water. It is also proper to diminish the dose of
the salt of tin, since it is found to counteract the action of the alum.
The alkalis ought to be rejected as a means of changing scarlet to crimson. In

fact, crimsons by this process cannot be permanent colours, as they pass into red by
the action of acids.

According to M. Von Grotthuss, carmine may be deprived of its golden shade by
ammonia, and subsequent treatment with acetic acid and alcohol. Since this fact
was made known, M. Herschel, colour-maker at Halle, has prepared a most beautiful
carmine.

The officers of Her Majesty's Customs detected some time since a system of adul-
terating cochineal, which had been practised for many years upon a prodigious scale
by a mer<^ntile house in London. Dr. Ure stated that he had analysed about 100
samples of such cochineal, from which it appears that the genuine article is moistened
with gum-water, agitated in a box or leather bag, first, with sulphate of baryta in
fine powder, afterwards with bone or ivory black, to give it the appearance neqra
cochineal, and then dried.

_

By this means about 12 per cent, of worthless heavy spar
IS sold at the price of cochineal, to the enrichment of the sophisticators, and the ^s-
grace and injury of British trade and manufactures.
The specific gravity of genuine cochineal is 1-25 ; that of the cochineal loaded with

the barytic sulphate 1-35. This was taken in oil of turpentine, and reduced to wateras unity, because the waxy fat of the insects prevents the intimate contact of thoMtor liquid with them, and the ready expulsion of air from their wrinkled surface.They are not all acted upon by the oil, but are rapidly altered by water, especiali;when they have been gummed and barytified.
J-

>
^i^o^^'iiij'

Humboldt states that so long ago as the year 1736, there was imported into Europefrom South America, cochineal to tho value of 15 milUons of franc^. Its high pricehad for a long time induced dyers to look out for cheaper substitutes in dyeing red •

and since science has introduced so many improvements in tinctorial processes, bothmadder and lac have been made to supersede cochineal to a very great extent
In order to ascertain the value of cochineal for dyeing we must have recourse to

comparative experiments We are indebted to MM. Eobiquet and Anthon for twomethods of determining the quality of cochineals, according to the quantity of carminethey contain. The process of M. Eobiquet consists in decolourising equal voluinS ofdecoction in different cochineals by chlorinp. By using a g,:aduated tube, the qualityof the cochineal IS judged of by the quantity of chlorine employed for decolouriSthe decoction. The process of M. Anthon is founded on thJ property wS fifhydrate of alumina pos^iosscs of precipitating the carmine from the decoction so as to



^''s coco

dilForent fronTtS SioS^^
«omo compounds which possess an action quite

Booms to us to be pr fombie ^^^^

'° P'^^'^'^ive state. The second process

alteration. A eraduated t"!-^'' i ^ - ^ ^^^^ ^^''''^

' The colouring matter of cochineal being soluble in water, I have used this snlvAnffor exhausting the different kinds which I have submitt d Texa^iLtionTn Scolounmeter. I operated in the following manner: I took a graW each ofcochineals to be tried, dried at 120 Fahr. ; I submitted them fiye consecutive timeslJthe action of 200 grains of distilled water at water-bath heat, eacrtimetran Tourfor every 200 grains of distilled water I added two drops of a concentoted solutfo^^^^^acid sulphate of alumina and of potash. This addition is necessary to fl.n
decoctions of the different cochine^als exactly of the sam tint n Sd^r beVbleto compare the intensity of the tints in the colourimeter i

'In order to estimate a cochineal in the colourimeter, two solutions, obtained asdescribed above, are taken; some of these solutions are i;troduced into the colouri!metric tubes as far as zero of the scale, which is equivalent to 100 parts of thesuSscale
;
these tubes are placed in the box, and the tint of the liquids enclosed 's^cTpared by looking a the two tubes through the eye-hole ; the box being pJaced so tlatthe bght faUs exactly on the extremity where the tubes are. If a d&erence of tint

l^T^t ^^<;^«^^^?Vwo liquors water is added to the darkest (whichTs alwayJthat of the cochineal taken as type) until the tubes appear of the same tint *
^

ihe nmnber of parts of liquor which are contained in the tube to which water hfwbeen added is then read off; this number, compared with the voru^fS tTe liqJScontained m the other tube a volume which has not been changed, and is equal to
100, indicates the relation between the colouring power and the relative quality Sthe two cochineals.

_
And if, for example, 60 parts of water must be added to the

liq.uor of good cochineal, to bring it to the same tint as the other, the relation ofvolume of the liquids contained m the tubes wiU be in the case as 160 is to 100 and
the rela,tive quality of the cochineals will be represented by the same relation, since
the quality of the samples tried is in proportion to their colouring power '—Napier
The exports from Guatemala consist principally of cochineal, tiie staple and

almost the only article of exportation for a number of years past. It is chiefly pro-
duced in Old Guatemala, nine leagues distant from Guatemala, and also in AmatoUan
about SIX leagues distant. The rearing of tliis insect is subject to so many accidents
and contingencies that it is excessively precarious, and, above all, the weather has a
great effect upon it. Taking aU this into consideration it is surprising that attention
has not been directed to the cultivation and production of other articles suited to the
flimate and soil of Guatemala, and less liable to destiruction by unseasonable rains
and atmospheric changes than cochineal. It is reasonably to be feared that, if a
longer time be suffered to pass, the cochineal of this country cannot compete with that
of Teneriffe, and other parts of the world, where it is now cultivated.
Our Imports of cochineal have been as follow :

—

In 1870 we imported 47,790 cwts.. valued at £581,966.
1871 „ 54,542 „ „ 706,713.
1872 „ 38.160 „ „ 494,541.

COCK-METAXi. An inferior metal ; a mixture of copper and lead used for
making cocks. See Axlot.
COCO. A species of Arace<s, to which the genus Arum gives the name. The

rhizomes or underground stems of the cocos (Colocasea) are sometimes substituted for
potatoes and yams ; they abound in starchy matter.

' Care must be taken not to add to the water, which sei-ves to extract the colouring matter from
the different cochineals, more than the requisite quantity of acid sulphate of ahunina and solution of
potash, because a stronger dose would precipitate a part of the colouring matter in tlie stat« of lake.

' For diluting the liquors the same water must always be used which has served to extmct the
colouring matter of the cochineals under examination, otherwise the darkest decoction would pasa
into violet, as water was added to it, to bring back tho tint to tho same degree of intensity as
that of the decoction to which it is compared.
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COCOA.' . A well-known preparation from the seeds of the Theobroma cacao. It
is stated to be made from the fragments of the seed-coats mixed with portions of the
kernels. See Cacao.

COCOA-xruTS. (Noix de Coco, Pr. ; Cocosnuss, Ger.) The cocoa-nut tree

( Cocos midfera) is a native of tropical climates. It is one of the most important and
valuable of the palms.

COCOA-mrUT OIXi. Cocoa-nut oil is obtained by two processes: one is by
pressure, the other by boiling the bruised nut and skimming off the oil as it forms on
the surface.

It is a white solid, having a peculiar odour. It fuses a little above 70° F. ; becomes
readily rancid, and dissolves easily in alcohol. It consists of a solid fat called coct?z or
cocinine (a combination of glycerine and cocinic, or coco-stearic acid), and of a liquid
fat or oleine. Cocoa-nut oil is used in the manufacture of soap and candles.
Mr. Soames obtained a patent in September, 1829, for making stearine and elaine

by the following process :

—

He taJces the substance called cocoa-nut oil, in the state of lard, in which it is im-
ported into this country, and submits it to a strong hydraulic pressure, having made
it up in small packages, 3 or 4 inches wide, 2 feet long, and 1 or li inch thick.
These packages are formed by first wrapping up the said substance in a strong linen
cloth, of close texture, and then in an outward wrapper of strong sail-cloth. The
packages are to be placed side by side, in single rows, between the plates of the
press, allowing a small space between the packages for the escape of the elaine.
The temperature at which the pressure is begun, should be from about 50° to 65°, or

in summer as nearly at this pitch as can be obtained, and the packages of the said sub-
stance intended, for pressure should be exposed for several hours previously to about
the same temperature. When the packages will no longer yield their oil or elaine
freely at this temperature, it is to be gradually raised ; but it must at no time exceed
65°, and the lower the temperature at which the separation can be effected, the better
wiU be the quality of the oil expressed.
When the packages are sufficiently pressed, that is, when they will give out no

more oil, or yield it only in drops at long intervals, the residuum is then to be
taken out and cleansed and purified, which is done by melting it in a well-tinned
copper vessel, which is fibred in an outer vessel, having a vacant space between,
closed at the top, into which steam is admitted, and the heat is kept up moderately
for a sufficient time to allow the impm-ities to subside ; but if a still higher degree of
punty is required, it is necessary to pass it through filters of thick flannel lined with
blotting paper.

Having been thus cleansed or purified, it is fit for the manufacture of candles, which
are made by the ordinary process used in making mould tallow candles. Having thus
disposed of the stearme, or what is called the first product, he proceeds with the elaine
or oil expressed from it, and which he calls the second product, as follows : that is to
say he purifies it by an admixture, according to the degree of its apparent foulness
of from 1 to 2 per cent, by weight of the sulphuric acid of commerce, of about TSO
specific gravity, diluted with six times its weight of water. The whole is then to be
violently agitated by mechanical means, and he prefers for this purpose the use of a
vessel constructed on the principle of a common barrel churn. When sufficientlv
agitated, it mU have a dirty whitish appearance, and is then to be drawn off into
another vessel, m which it is to be allowed to settle, and any scum that rises is to be
carefully taken off. In a day or two the impurities will be deposited at the bottom of
the oil, which wiU then become clear, or nearly so, and it is to be filtered through a
thick woollen cloth, after which it wiU be fit for burning in ordinary lamps and for

The process of separating the elaine from the stearine, bypressure, in manner afore-
said, had never before been apphed to the substance called cocoa-nut oil, and conse-
quently no product had heretofore been obtained thereby from that substance fit for
being manufactured into candles in the ordinary way, or for being refined bv anv of
the usual modes, so as to burn m ordinary lamps, both which objects are attained bvthe method of preparing or manufacturing the said substance.

'

Candles well made from the above material are a very superior article The lifrht
produced is more bnlliant than from the same sized candle made of tallow • the flamfl
IS perfectly colourless, and the wick remains free from cinder, or any degree of foulnesa
during combustion. See Candles

; Elaine
; Steakine.

'^^•^oaa

COD. The Morrhua vulgaris, a fish belonging to the family of Gadidm
It IS calculated that the take in Scotland of cod and linj? nrnmirifrc „t, i.

MOMOO individuals annually, of which upwards of 1,000.000 are fromTe Shetknd

Con-MVEB Oil.. The oil obtained from the Hversof several varieties of the
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moSalfi fLf^ ''^"^^ ^'""^ It 58 administered,

0 de^iio l r "^""'r
^ " and the old idea that its medicinal^

nn1?^ 'c^?'""
Contained is now proved to bo false, since it holds no

oxfr«W«wTfH "i- ,
^"'"'^"^ «°d-li^er oil has been large, it has beenextensively adulterated with other fish-oils

or,^;^'*v^''''^;
^"2''N0« + 2H0(C-»H-KO3 + HO^). An alkaloid obtained from

^TJ^L'I f
o°™^«.a8sociated with morphine and several other bases. Codeine

T^n c l T^f""!-
^ ^o^il'^ot. and has been studied by Dr. Anderson and other chemista.

wnr/iitt^'' .^''u"^^^ codeine by the action of hydrochloric acid

rr.^ T ^ -^'^ f'/?^'- M^tthiessen and Wright, and those produced by the action
ot liydrobromic acid have recently been studied by Dr. Wright alone.
COBIXiliA or TXiAX. The coarsest parts of the fibre sorted out by itself. See
LAX.

CCEXESTZXr. Native sulphate of strontia. See Ceiestine.
COPTEE. (CafS, Ft.

; Kafec, Ger.) The coffee is the seed of the Coffea Arahica,
a tree of the order Hubiacem, and belongs to the Pmtandria moTwgynia of Linnaius.
Ihere are several species of the genus, but the only one cultivated is the Coffea
Arahica, a native of Upper Ethiopia and Arabia Felix. It rises to the height of 15 or
20 feet; its trunk sends forth opposite branches in pairs above and at right angles to
each other

; the leaves resemble those of the common laurel, although not so dry and
thick. From the angle of the leaf-stalks small groups of white flowers issue, which
are like those of the Spanish jasmine. These flowers fade very soon, and are replaced
by a kind of fruit not unlike a cherry, which contains a yellow glairy fluid, envelo-
ping two small seeds or berries convex upon one side, flat and furrowed upon the other
in the direction of the long axis. These seeds are of a horny or cartilaginous nature;
they are glued together, each being surrounded with a peculiar coriaceous membrane.
They constitute the coffee of commerce.

It was not till towards the end of the 15th century that the coffee-tree began to be
cultivated in Arabia, Historians usually ascribe the discovery of the use of coffee as
a beverage to the superior of a monastery there, who, desirous of preventing the
monks from sleeping at their nocturnal services, made them drink the infusion of
coffee upon the report of shepherds, who pretended that their flocks were more lively
after browsing on the fruit of that plant. The use of coffee was soon rapidly spread,
but it encountered much opposition on the part of the Turkish government, and be-
came the occasion of public assemblies, Under the reign of Amurath III. the mufti
procured a law to shut all the coffee-houses, and this act of suppression was renewed
under the minority of Mahomet IV. It was not till 1554, under Solyman the Great,
that the drinking of coffee was accredited in Constantinople ; and a century elapsed
before it was known in London and Paris. Solyman Aga introduced its use into the
latter city in 1669, and in 1672 an Armenian established the first cafi, at the fair of
Saint-Germain.

When coffee became somewhat of a necessary of life from the influence of habit
among the people, all the European Powers who had colonies between the tropics pro-

jected to form plantations of coffee-trees in them. The Dutch were the first who
transported the coffee plant from Mocha to Batavia, and from Batavia to Amsterdam.
In 1714 the magistrates of that city sent a root to Louis XIV., which he caused to be
planted in the Jardin du Eoi. This became the parent stock of all the French coffee

plantations in the Martinique.

The most extensive culture of coffee is stiU in Arabia Felix, and principally in the

kingdom of Yemen, towards the cantons of Aden and Mocha. Although these conn-

tries are very hot in the plains, they possess mountains where the air is mild. The
coffee is generally grown half-way up on their slopes. When cultivated on the lower

ground it is always surrounded by large trees, which shelter it from the torrid sun,

and prevent its fruit from withering before their maturity. The harvest is gathered

at three periods : the most considerable occurs in May, when the reapers begin by

spreading cloths under the trees, then shaking the branches strongly, so as to make
the fruit drop, which they collect, and expose upon mats to dry. They then pass

over the dried berries a very heavy roller, to break the envelopes, which are after-

wards winnowed away with a fan. The interior bean is again dried before being

laid up in store.

In Demerara, Berbice, and some of our West India islands, where much good

coffee is now raised, a different mode of treating the pulpy fruit and curing the beans

is adopted. When the cherry-looking berry has assumed a deep-red colour, it is

gathered, and immediately subjected to the operations of a mill composed of two

wooden rollers, furnished with iron plates, which revolve near a tliird fixed roller

called the cTwps. The berries are fed into a hopper above the rollers, and falling

down between them and the chops, they are stripped of their outer skins and pulp,
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while the twin beans are separated from each other. These beans then fall upon a

muk'f^S f
skin and the pulp to pass through, T.hilo the hard boans accu-mulate and are progressively shd over the edge into baskets. Thev are next steeiDedfor a mght m water, thoroughly washed in the^ morning, and afteJards Sd in thesun. They are now ready for the peeling mill, a wooden eS-Xl t£neV^erticany by a horse yoked to the extreniity of its horizontal axis. In travelling over Socoffee It bursts and detaches the coriaceous or parchment-like skin wh ch suToundseach hemaspherical bean. It is then freed from the membranes bv a vdnnoSmachine m wbch four pieces of tin made fast to an axle are Sused to rfi^l^Sgreat velocity Corn fanners would answer better thanTWs x^riStrle^^^^^^^^

STrXmS " '^^^'^ "^^'^ pieked'^SnTuVpaTd

h.'^^f
Wghly-esteemed coffee is that of-Mocha. It has a smaUer and a rounderbean

;

a more agreeable taste and smeU than any other. Its colour is yellow Next toIt in European reputation is the Martinique and Bourbon coffee
s ks cofourTjenth^

T; CbZ "^"^^ -^^''^ comes off in the SrsSng!
spini Se S«?°fn.^P'°''^!l T''?^ *° ^^^^^ it originally

SSd tlen the pre^eTnr " ""^^ ''''

Ws SfrefSi!d°'S'.w^° ^^7 ^^^^^ t« t^Pt ^> while itsSd iXtstes^SeeS^'-^ ^'t^ Scn'ecomposed
the height of 15 20 fS IS- > ^ \ ^^^^i' g"^^' ^« ^^^^^ said, to

increasfng tt prrductiof/th^^^^^^^^ P^'^^^^g *° ^ ^^'^

beeins to viflKrJf fi? •^ ^ T"^^ convenience of cropping. It

tSbeyrd thfttn^^^ J.T ' ^^^^^^^ ^^^1 the fiftMofs nft

husband!^ the plantTshffie^^^^^^^^^^^^
t^^^^^*^^-

horizontaYbranres and k ho e^^^^^^
moisture. " ^^^^ '^^^P secure a constant supply of

resSte
' ^TChZffr-^ ^'^^ «^^°^sts, with considerable diversity of

Med w^Jh wlt'LtS^^^^^^^^^ f.^''^'^^'':^'
that thrrblnl

whence they seem to contain sorS^.^f^M^^n 'n^^^'l
^""^ ^^°^«re<i i^turbid.

evaporating^rTiQ^r to a s™ Si?r;.i '^T^-^f
Altering, and

cipiteted, and then ZnoratiSTo ttf i^^^^t^]''^^
°° ^^tter was pre-

brown trknsparent ex^St Sfci 0?^^^^^^^

he obtained 17-_58 per cent, of ayellowish-
it is not in tLt stete?he pJetoS^^^^^^^

-ff-'
able reaction is its produciC^S^t? t^f ? remark-
fine grass-green coCfwS al^rkteei^Spf^^^^^ ^

'

an acid is poured into tbo Hmm-n Tt- j
P-tuupitace laiis, which re-dissolves when

scarcely anyXt till an aft h« Irlff^'T
'°^^t^°° the salts of copper

fatty substance somewha? £ uerS^ contain also a resin, an^d a
beans nearly 10 per cent, of resin and fa t i^^f t

^°^1^\^t, ether extracts from coffee

The peculiar substance caSinHonSld in tL .r^^^^T
exaggerates the amount,

is remarkable in regard to composTtion tlf J? crystaUisable. It
organic products the rictSSoTen jt ^ ''''

Eung6. It does not possess l^S tov^^Z Vffff^uf ^r'^'i}""caffeine from six pounds of coffee beans TW ^"
i

"^^ained only 90 grains of
the nameof.ajiaoirfhas btn ^rn W^n i^uJV'f raw coffee to which
It has the smell of roasted coffee. See C^m ^""^ decomposed.

to^X^^rS^^^^^^ it is roasted
this state difficult to grind. Wen rS,t«r1 fn f V t

P^^ cent, of its weight, and is in
and when it become? en irely bl™^^^^^^^^ loses 18 per cent,

j

cent. Schrader has analysed roS carbonised, it has lost 23 per
found in the first 12i p fcent of an ex^?..T^'^^''^1^.^th raw coffee, andie
which possesses neari; the properties of

coffee soluble in water and alcohol,
a deeper brown colour, and^sofCmore readTi?tf«l^' ''"^'f'^^J^^^^ongh it has
blackish brown gum; 67 of an oxygenated Ltl^^ ' ^"^"^ ^0-4 of a
alcohol, insoluble in mter; 2 of a fettv suw^^^^^^^

^.^thev apotkhze soluble in
fibre, insoluble. On distilHng roasted /off^S w^ '•• ^eget^Uo
which contained the aromatif prSe of coff«^^f 'if

obtained a product
haled a strong and agreeable odoS roaLd^offi,. if"''"^

^^'^^^ P^P^^' ^«<i
the first portions of the aromatL^rindpW roast coffee in a retort,
Ae recover; and these may be aSded trthe co£ roasted in th?

' ^«
Which this matter has been expelled and dissipated in tt air

^^^^
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Chonovix afarmod that by the roasting of coffee a certain quantity of tannin pos-
sessing the property of precipitoting geliitino is generated. Cadet made the same
observation, and found moreover, that tlio tannin was most abundant in the lightly
roasted coffee, and that tliero -was nearly none of it in coffee higlily roasted. Pass6
and Schrader, on the contrary, state that solution of gelatine does not jjrecipitate
either the decoction of roasted coffee or the alcoholic extract of this coffee. Runge
likewise asserts that lie could obtain no precipitate with gelatine ; but he says that
albiunon precipitates from the decoction of roasted coffee the same kind of tannin a«
is precipitated from raw coffee by the acetate of lead, and set free from the lead by
sulphuretted hydrogen. With these results Dr. Uro's experiments agreed. Gelatine
certainly does not disturb clear infusion of roasted coffee, but the salts of iron
blacken it.

Schrader endeavoured to roast separately the different principles of coffee, but none
of them exhaled the aromatic odour of roasted coffee, except the horny fibrous matter.
He therefore concluded that this substance contributes mainly to the characteristic

taste of roasted coffee, which cannot be imitated by any other vegetable matter, and
which, as we have seen, should be ascribed chiefly to the altered caffeic acid. Accord-
ing to Garot, wo may extract the caffeine without alteration from roasted coffee by
precipitating its decoction by subacetate of lead, treating the washed precipitate with
sulphuretted hydrogen, and evaporating the liquid product to dryness.

To roast coffee rightly we should keep in view the proper objects of this process,

which are to develop its aroma, and destroy its toughness, so that it may be readily

ground to powder. Too much heat destroys those principles which we should wish to

preserve, and substitutes new ones which have nothing in common with the first, but
add a disagreeable empyreumatic taste and smell. If, on the other hand, the rawness
or greenness is not removed by an adequate heat, it masks the flavour of the bean, and
injures the beverage made with it. When well roasted in the sheet-iron cylinder set

to revolve over a fire, it should have a uniform chocolate colour, a point readily hit by
experienced roasters, who now manage the business for the principal coffee dealers

both of London and Paris. The development of the proper aroma is a criterion by
which coffee roasters frequently regulate their operations. When it loses more than

20 per cent, of its weight, coffee is sure to be injured. It should never be ground

tiU immediately before infusion, since the fine essential oil rapidly escapes from the

finely-divided coffee.

Liebig's views of the process of nutrition have given fresh interest to every analysis

of articles of food. A watery infusion of coffee is used in almost every country as a

beverage, and yet it is uncertain whether it is an article of nutrition or merely a con-

diment. A minute examination of the raw seed, or coffee bean as it is called, must

precede the determination of that disputed point. Caffeine is the principle best known,

being most easily separated from the other substances, resisting most powerfully

chemical reagents, and by assuming a crystalline state is discoverable in very small

quantities.

Eoasted coffee affords a much richer infusion to hot water containing a minute

quantity of carbonate of soda, and improves the quality of the coSfee on the stomach,

by neutralising the caffeic acids.

Coffee, as sold in the shops in its roasted and ground state, is often adulterated with

a variety of substances, but chiefly with chicory. See Chicobt.

If tannin exists in roasted coffee, as maintained long ago by Chenevix, and generally

admitted since, it must be very different from the tannin present in tea, catechu, kino,

oak-bark, willow-bark, and other astringent vegetables ; for it is not, like them, pre-

cipitated by either gelatine, albumen, or sulphate of quinine. With regard to the

action upon the animal economy of coffee, tea, and cocoa, which contain oue common

chemical principle called caffeine or theine, Liebig advanced some ingenious views,

and, in particular, endeavoured to show that, to persons of sedentary habits m the

present refined state of society they afford eminently useful beverages, which

contribute to the formation of the characteristic principle ai hile. This impor-

tant secreted fluid, deemed by Liebig to be subservient to the function of respiration,

requires for its formation much azotised matter, and that in a state of combination

analogous to what exists in caffeine. The quantity of this principle m toa^and cottee

being only from 2 to 5 per cent., might lead one to suppose that it could Have iitue

effect upon the system even of regidar drinkers of these infusions ;
but if the biic con-

tains only one-tenth of solid matter, called choleic acid, which contains less Uian^4

per cent, of azote, then it may bo shown that 3 grains of caffeine woum ^If^';';"

grains of bile the azote which occurs in that crystalbne precipitate ot buo caiiea

taurine, which is thrown down from it by mineral acids.
(-„„„fV,„-

Ono atom of caffeine, 9 atoms of oxygen, and 9 of water, ^^''^"g

produce the composition cf 2 atoms of taurine. Now this is a very simple comDi
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488

nation for the living organism to effect ; one already paralleled in the ffenflrAtinn ofh-ppune acid in nrine, bj the introduction of benzoic nto tho stomach a ^hv

Sl^r'lfr"Ti?^?P'°""f ^'^^^^'^ ^ successful trea£^^^^ot the most formadablo diseases of man, particularly gout and gravelCOITEE EOASTING AND GeINDWG.
J fe auu graVGl.

The gi-atefulness of the beverage afforded
by this seed depends upon many circum-
stances, which are seldom all combined.
It may be ruined in the roasting; for if
some berries be imder and some over
done, the whole when ground will yield
an unpalatable infusion. The due point
to which the torrefaction should be
earned may he determined partly by the
colour and partly by the loss of weight,
which points, however, are different for
each sort of coffee. But perfeat equality
of ustulation is difficult of attainment
vnth the ordinary cylindrical machines.
Messrs. Law, of London and Edinburgh
liad long been dissatisfied with the
partial manner in which the cylinder
performed its duty, as it generally left
some part of its contents black, some
aark brown, and others paler; results
which greatly injure the flavour of the
beverage made with the coffee. Mr.
VViUiam Law overcame these difficulties
by his invention of the globular roaster,
actuated by a compound motion like
that of our earth. This roaster, with
Its double rotatory motion, is heated not

Tr^glob^'i: s^^mount^di: ttTetth^'-'^^ t' '""T''' ' -^^-^^1 --g-
yertiSilly, wherebyThe deluded bp'T ?°^^°^tf%> and also from time to time
tions, and ineqSL of to^^^^^^ T T'"^ •i'^

and intermingled in all direc-
in fff. 488 shols it as turned un L '

Tw^l^r''^^'- ^''^'''^ the globe
preparatory to its being 'rpSld Ld'rlKS' °' '^'^^'^-^^^

IdndXpaSr^hfchctirS^^^^^ Tf°^ -0^1^-
^hich the coffee is roasted The XanCL 0^;'^'''' "P?^^ ^^^^ace of
the coffee hemes are spread oyer tK2tf?W^^^ ^PP^^^' ^ t^^at
berry is equally exposed to trregulate^^^^^^^^^

thin layer and thus every
exposed to view, it^can be seen STthe roarn^W lOm- Imports of coffee haye bein as follow " ^° P^'^P^^ P^i^t.

Places

From Ceylon
.

'
'

other British Possessions

'

„ Brazil

,, Central America
„ other Countries .

[

Total .

Eotained for Home consumption

Total value

1870

lbs.

97,964,922

29,814,865

14,057,893

14,070,079

23,994,105

1871

179,901,864

30,629,710

^4,942,769

lbs.

91,035,678

42,108,606

22,940,928

19,540,529

16,976,391

1872

192,606,132

31,010,645

^5,407,110

lbs.

77,644,766

38,160,854

17,820,211

14,934,128

18,513,908

167,073,867

31,661,311

^5,294,704

w^tri-of^cttn?!aet!rni^f%\"£^~COIR. The outer coating of the coSa nut nT ?^°.^baoty.
^vhcn stripped off longitudinflly, feniZs the fit T^i^ 1"^ two pounds,
(^otr, and used for small cables and rigging

^ '^'"'^''^ ''^ i^ative name of
la .n„ana t.e.e are i„ ,^J^,

^^^^^
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and Co.'s works tlioy are advantageously employed, placed between iron trays and
on tlio surface of the cocoa-nut and other concrete oils and fats, and subjected to
groat pressure

; the liquid oil flows out, leaving solid fats behind. From the abun-
dance, cheapness, and durability of this substance it is likely to come into more
general use, and it has even been seriously proposed as a material for constructing
ocean telegraphs, from its lightness and power of resisting sea-water. The qualities
of coir for many purposes have been established for ages in the East Indies. Dr.
Gilchrist thus describes the properties of coir ropes :

—
' They are particularly elastic

and bxioyant, floating on the surface of the sea ; therefore when, owing to the strength
of the current, a boat misses a ship, it is usual to veer out a quantity of coir, having
previously fastened an oar, or small cask, &c., to its end. Thus the boat may be
easily enabled to haul up to the ship's stern. Were a coir hawser,' Jie adds, ' kept
on board every ship in the British marine, how many lives would probably be
saved!'

It is stated that fresh water rots coir in a very short time, corroding it in a sur-

prising degree, whereas salt water absolutely strengthens it, seeming to increase the

elasticity. Coir is therefore unfit for running rigging, especially for vessels subject

to low latitudes, it being easily snapped in frosty weather.

Nothing can equal the ease with which a ship rides at anchor, when her cables are

of coir. As the surges approach the bows, the vessel gradually recedes in consequence

of the cables yielding to their force ; but as soon as they have passed, it contracts again,

drawing the vessel gradually back to her first position : the lightness of the material

adds to this effect, for the cable would float if the anchor did not keep it down. At
the present time the forces exerted upon cables and the angles assumed under different

circumstances, in paying out submarine telegraphic, cables, have been the subject of

practical attention and theoretical investigation. Some of the greatest authorities

have assumed that the forces exerted, between the bottom of the sea and the ship's stern,

had reference only to forms or waves of the cables, representing some curve between

the vertical and horizontal line, but always concave to the water surface. For a curve

to exist, in the opposite direction, was named only as a condition, without evidence of

any practical kind to show that it really existed, or called for any attention to investi-

gate it. So long since, however, as 1825, Dr. Gilchrist, among others, had described

this very opposite curve of the coir ;
viz., of being, when in action as a cable, curved

with a concave surface toward the bottom of the sea ; a fact well known to_ the ex-

perienced sailors of England, as well as to the natives who employ these coir cables

so extensively on the East Indian coast.

' A hempen cable always makes a curve downwards, between the vessel and the

anchor, but a coir cable makes the curve wpwards. Therefore, if a right line were

drawn from the hawse-hole to the ring of the anchor, it would be something like_ the

axis of a parabolic spindle, of which the cables would form, or nearly so, the two elliptic

segments.'

In the employment of materials for ocean telegraphs, especially for deep-sea

purposes, the use of iron and the proposal for using coir and other light substances,

have caused the telegraphic means to be spoken of as 'heavy' or 'light' cables.

Dr. Allan, of Edinburgh, proposed the abundant use of coir to make a l^U cable, say,

half the weight of the bghtest hitherto made, the Atlantic cable. He states that

a deep sea cable may be compounded to weigh not more than 10 cwt. per mile: while

the cheapness, durability in salt water, lightness, and abundant supply, will give it ad-

vantages over gutta percha and other substances used to form the bulk of the lightest

cables hitherto employed.
. j. ,

When cocoa-nuts are sawed into two equal parts across the grain of the coir coating,

they form excellent table brushes, causing wood planks to assume a very high polish

by friction. If the shell should be left, the edges should be perfectly smooth, and then

they will not scratch. It is a good mode to strip off the coir, and, after soaking it m
water, to beat it with a heavy wooden mall until the pieces become pliant, when tliey

should be firmly bound together with an iron ring; the ends being leveUed, the imple-

ment is fit for use ; a little bees'-wax, rubbed occasionally upon them, adds grratly to

the lustre of the furniture ; of course the polish is mainly due to strength and rapia

action producing the friction upon the wood, and other articles of furmture.

In India, the coarse bark of the nuts is extensively used to cleanse houses, ana in

washing the decks of vessels. Coarse stuff, matting, and bagging, are made ot tne

fibres, as well as ropes, sails, and cables.
. i,- j, n„^;.i«T,n tfiA

The general preparation is simple :-The fibrous husks or coats which envelope the

cocoa-nuts, after being for some time soaked in water, become soft
; ^.^^

beaten, to separate other substances with which they are mixed,
^^^^'^^yf/^^'f,.

saw-dust, the strings or fibres being left; this is spun into long "'[^

Cloth, and twisted into cables, even for large vessels. Cordage thus made is cou
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sidered preferable, in many respects, to that brought from Europe, especially the

advantage of floating in water.

COKE. (Eng. and Fr. ; Coaks, Ger.) It is necessary to distinguish between
what is called gas-coke and ovon-coke. The word coke ' applies, properly, to the latter

alone ; for in a manufacturing sense, the former is merely cinder. The production of
good coke requires a combination of qualities in coal not very frequently met with

;

and hence first-rate coking coals can be procured only from certain districts. The
essential requisites are, first, the presence of very little earthy or incombustible ash

;

and, secondly, the more or less iniusibility of that ash. The presence of any of the
salts of lime is above all objectionable ; after which may be classed silica and alumina

;

for the whole of these have a strong tendency to produce a vitrification, or slag, upon
the bars of the furnace in which the coke is burnt ; and in this way the bars are
speedily corroded or burnt out ; whilst the resulting clinker impedes or destroys the
draught, by fusing over the interstices of the bars or air passages. Iron pyi-ites is a
common obstacle to the coke-maker ; but it is found in practice, that a protracted
application of heat in the oven dissipates the whole of the sulphur from the iron, with
the production of bisulphuret of carbon and metallic carburet of iron, the latter of
which alone remains in the coke, and, unless silica be present, has no great disposition
to vitrify after oxidation. Where the iron pyrites exists in large quantities it is sepa-
rated by the coal-washing machines, some of which will be described in a general
article.—See Washing Machines. One object, therefore, gained by the oven-coke
manufacturer over the gas-maker is the expulsion of the sidphuret of carbon, and
consequent purification of the residuary coke. Another, and a still more important
consequence of a long sustained and high heat is, the condensation and contraction of
the coke into a smaller volume, which, therefore, permits the introduction of a much
greater weight into the same space ; an advantage of vast importance in blast furnaces,
and above all, in locomotive engines, as the repeated introduction of fresh charges of
coal fuel is thus prevented. Part of this condensation is due to the weight of the
superincumbent mass of coal thrown into the coke oven, by which (when thq coal first
begins to cake or fuse together) the particles are forced towards each other, and the
cavernous character of cinder got rid of : but the chief contraction arises, as we have
said, from the natural quality of carbon, which, like alumina, goes on contracting, the
longer and higher the heat to which it is exposed. Hence, good coke cannot be madem a short time, and that used in locomotive engines is commonly from 48 to 96 or
even 120 hours in the process of manufactiire.

*

The prospects of improvement in coke-making point rather to alterations in the
oven than in the process. Formerly it was not thought possible to utilise the heat
evolved by the gaseous constituents of the coal ; but now, as an example of the in-
correctness of this idea, it may be stated that at the Felling Chemical Works 200
tons of salt per week are made by the waste heat alone, and it is also employed in
partially heating the blast for one of the furnaces. There appears no valid reason
why sets of coke-ovens might not be so arranged as mutually to compensate for each
other, and produce upon one particular flue a constant and uniform effect. Contri-
vances of this kind have been projected; but hitherto, we may suppose, without
uniform success, as many of our large coke-
makers still continue the old mode of working.
The following figure, 489, represents a

Shachtofen, or pit-kiln, for coking coals in
Germany, a is the lining {chemise), made of
fire-bricks ; the enclosing walls are built of the
same material

;
b, b, is a cast-iron ring covered

with a cast-iron plate c. The floor of the kiln
is massive. The coals are introduced, and the
coke taken out, through a hole in the side d

;

during the process it is bricked up, and closed
with an iron door. In the surrounding walls
are four horizontal rows or flues e, e, e, e, which
are usually iron pipes ; the lowest row is upon
a level with the floor of the kiln; and the
others are each respectively one foot and a
half higher than the preceding. Near the top
of the shaft there is an iron pipe /, of from
8 to 10 inches in diameter, which allows the
incoercible vapours generated in the coking to
consists either of wood or brick chambers.

^

first placed on the bottom of the kiln.

489

escape into the condenser, which
For kindling the coal, a layer of wood is

The coking of small coal is performed upon vaulted hearths, somewhat like bakers'
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ovens, but with Bhll flat er roofs. Of such kilns, several are placed alongside oneanother each boing an oUipso deviating little from a circle, so that the mouth may
project but a small space. The dimensions are such, that from 10 to 12 cubic foot
of coal culm may be spread m a layer 6 inches deep upon the sole of the furnace.

The top of the flat arch of fire brick should be
covered with a stratum of loam and sand.
Fys. 490 and 491 represent such a kiln as is

mounted at Zabrze, in Upper Silesia, for coking small
coal. Fig. 490 is the ground plan

; fig. 491 the ver-
tical section in the line of the long axis of fig. 490.
a is the sand-bed of the hearth, under the brick sole

;

/) is the roof of largo fire-bricks
; c, the covering of

loam
;

d, the top surface of sand ; c tho orifice in the
front wall, for admission of the culm, and removal
of the coke over the sloping stone /. The flame and
vapours pass off above the orifice, through the chimney
marked^, or tlirough the aperture h, into a lateral
chimney, i is a bar of iron laid across the front of
the door, as a fulcrum to work the iron rake upon.
A layer of coals is first kindled upon the hearth, and
when this is in brisk ignition, it is covered with the
culm in successive sprinklings. "When the coal is

sufficiently coked, it is raked out and quenched with
water.

Fig 492 represents a simple coking Meiler or mound, constructed in a circular form
round a central chimney of loose bricks, towards which small horizontal flues are laid
among the lumps of coals. The sides and top are covered with cubn or slack, and
the heap is kindled from certain openings towards the circumference. Fig. 493
represents an oblong Meiler, sometimes made 100 or 150 feet in length, and from 10 to

492 493

12 in breadth. The section in the middle of the figure shows how the lumps are piled
up, ; the wooden stakes are lifted out when the heap is finished, in order to introduce
kindlings at various points ; and the rest of the Meiler is then covered with slack

and clay, to protect it from the rains. A jet of smoke and flame is seen issuing fi:om

its left end.

c 21 ,• c

An excellent range of furnaces for making a superior article of coko, for the service

of locomotive engines of the London and Birmingham Railway Company, has been
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erected at the Camden To-wn station, consisting of 18 ovens in two lines, the whole
discharging their products of combustion into a horizontal flue, which torrninates in a
chimney-stack 115 feet high. Fig. 494 is a ground plan of the elliptical ovens, each
being 12 feet by 11 internally, and having 3 feet thickness of walls, a, a is the
mouth, 3

J-
feet wide outside, and about 2j feet within, b, b are the entrances into the

flue ; they may be shut more or less completely by horizontal
slabs of fii'e-brick, resting on iron frames, bushed in from
behind to modify the draught of air. The grooves of these
damper-slabs admit a small stream of air to complete the
combustion of the volatilised particles of soot. By this
means the smoke is well consumed. The flue c, c, is 2J- feet
high, by 21 inches wide. The chimney d, at the 'level of the
flue, is 11 feet in diameter in the inside and 17 outside

; being
built from an elegant design of Eobert Stephenson, Esq. e, c
are the keys of the iron hoops, which bind the brick-work of
the oven. Mg. 495 is a vertical section in the line a, b, of
Jig. 494, showing at b, b, and e, e, the entrances of the dif-

495

ferent ovens into the horizontal flue; the direction of the draught being indicatedby the arrows. /,/, is a bed of concrete, upon which the whole furnaof, ro^^bmlt the level of the ground being in the middle of that beZ ^ isTSanchTon onwhich the crane IS mounted
; ^ is a section of the chimney wallf ^th mrt of thnmtenor to the left of the strong line. Fig. 496 is a front elevatinrS tl^L .1,

elegant coke ovens; in which thf bracing hoops t i i Le lh^ t I T
cast-iron doors, strengthened outside with chagoLl ridges each dZ' beii f ?high, by 4 feet wide, and lined internally ^th firlbri^ks Th^^.r^' ^
lowered by means of chains and counterweights. Lved by the c^^nll

'""^

496

_ LM1
Each alternate oven is charged, between a a-nri in ^'/.i^m,

3^ tons of good coals. A wisp^of stow i tL^^ i'n'on tTClVZT'''^'
takes fire by tho radiation from the dome (which is °n a stated? dnH V -f-^'

""^''^
the preceding operation), and inflames the\moke thL S 'fro/thf̂ ^ ^'Tthe reaction of the hot sides and bottom upon the body of the fuel Tn f

v"^^'"'
smoke ,8 consumed at tho very commencement of the process whtn if^ ,7^^.*^°
wzse be more abundant. The coking process is in no re^p^'a o^SuSn;
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but a complete combustion of the volatile principlos of the coal. The mass of coala
isfarst kindled at the surface, ^vhere it is supplied with abundance of atmosphericoxygon

;
because the doors of the ovens in front, and the tliroat-vente behind, arethen left open. The consequence is, that no smoke is discharged from the top of the

chininoy at this, the most sooty period of the process, than is produced by an ordinary
kitchen fire. In those circumstances, the coal gas, or other gas, supposed to be gene-
rated in the slightly heated mass beneath, cannot escape combu^ition in passing up
through the bnght open flamo of the oven. As the coking of the coal advances more
Blowly and regularly from the top of the heap to the bottom, only one layer is aflfected
at a time, ana m succession downwards, while the surface is always covered with a
stratum ot rod-hot cinders, ready to consume every particle of carburetted or sul-
pbui-etted hydrogen gases which may escape from below. The greatest mass, when
calcined in this downward order, cannot emit into the atmosphere any more of the
above-mentioned gases than the smallest heap.

_
The coke being perfectly freed from all fuliginous and volatile matters by a cal-

cination of upwards of 40 hoiu:s, is cooled down to a moderate ignition by sliding-in
the dampers, and sliding-up the doors, which had been partially closed during the
latter part of the process. It is now observed to form prismatic concretions, somewhat
like a columnar mass of basalt. These are loosened by iron bars, lifted out upon
shovels furnished with long iron shanks, which are poised upon swing chains with

497
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hooked ends, and the lumps are thrown upon the pavement, to be extinguished by
sprinkling water upon them from the rose of a watering can; or, they might be

transferred into a large chest of sheet-iron set on wheels, and then covered up. Good
coals, thus treated, yield 80 per cent, of an excellent compact glistening coke, weighing

about 14 cwts. per chaldron.

The loss of weight in coking in the ordinary ovens is usually reckoned at 25 per

cent. ; and coal, which thus loses one-fourth in weight, gains one-fourth in bulk.

Laljourers who have been long employed at rightly-constructed coke ovens seem to

enjoy remarkably good health.

jyt". Ebenezer Rogers, of Abercarn, in Monmouthshire, introduced a method of

coking, which he thus described :

—

' A short time ago a plan was mentioned to the writer as having been used in

Westphalia, by which wood was charred in small kilns : as the form of kiln described

was quite new to him, it led him to some reflection as to the principles on which it

apted, which were found to be so simple and effective, that he determined to apply
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them on a large scale for coking coal. The result has been that in the course of a
few months the original idea has been so satisfactorily matured and developed, that
instead of coking 6 tons of coal in an oven costing 80^. 150 tons of coal are now
being coked at once in a kiln costing less than the former single oven.

' Figs. 497 and 498 are a. side elevation and plan of one of the new coking kilns
to a small scale ; fy. 499 is an enlarged transverse section.

' D D are the walls of the kiln, which are provided with horizontal flues e f
which open into the side or bottom of the mass of coal. Connected with each of these
flues are the vertical chimneys g, h. The dotted lines 1 1, Jiff. 498, represent a moveable
railway by which the coal may be brought into the kiln and the coke removed from
It. In filling the kiln with coal, care is taken to preserve transverse passages or flues
for the air and gases between the corresponding flues e f in the opposite walls This
IS effected by bailding or constructing the passages at the time with the larger pieces
of coal, or else by means of channels or flues permanently formed in the bed of the
kiln. When the coal is of different sizes, it is also advantageous to let the size of the
pieces diminish towards the top of the mass. The surface of the coal when filled in is
covered with small coal, ashes, and other suitable material.
'When the kiln is filled the openings k at the ends are built up with bricks, asshown dotted

;
the kiln is not covered by an arch, but left entirely open at the topihe apertures of the flues f and the chimneys g are then closed, as shown in Jia. 499and the coal is igmted through the flues e; the air then enters the flues e, and passesthrough the coal, and then ascends the chimneys h, as shown by the arrows. Whenthe current of air has proceeded in this direction for some hours, the flues e andchimneys H are closed, and f and g are opened, which reverses the direction of thecurrent of air through the mass. This alteration of the current is repeated as oftenas may be required. At the same time air descends through the upper surface of themass of coal. When the mass is well ignited, which takes place in frLTito 36

H opened
:
the air now enters through the upper surface of the coal only, and descendsthrough the mass of the coal, the products of combustion passing up the cSneys

' The coking graduaUy ascends from the bottom of the mass to the top and can beeasily regulated or equabsed by opening or closing wholly or partially the aperSiresof the flues or chimneys. The top surface of the coal being kept cool bv the deseeding current of air the workman is enabled to walk over it durU Se operation hainserts from time to time at different parts of the surface an iron bar wSis easilv?S rtrsi;'thT'v^^"^"^ cote, by ^^eh its fu^zii^^iT^i
Ivinf'.ii ^ S^^Ses the depth at which the coking process ishn»s Siti : comttSat^^a^^^^^^^
there. This gauging' of the surface"! Tarried n'Sho'u? SuTtvltiuL'Tofprocess has arrived close to the top The ffaqfira^ tnr,L 7 ^ ] %
distillation or combustion descend^tiirougUhe iSersS Produced by the

^°?mrrSstrcra?Ssr rT-'^o-^^^^or^^^^^

railway is laid in the kiln, so as' to^f^LHrretv^of^^^^^^

bottom, !rL7."V99"7n Th^StS^ar.? "f^'
^'^^^ the

bottom' of theflues may be filLTw?trsm«llT? ^t^.' ? ^'^'^ the

radiated heat from the iLndescent mass ab^^^^
''^'^ ^ the

the mass are then constructed upon^W. W? f.

t^^°/^^™« passages tiirough

of coal, as before mentioned The fluoMf v""^^
""'^^ larger lumps

horizontal and vertical ; and instead of pLI K J'"*
necessarily be

transverse flue, flues may be constiuctflnnSH,?-°^ii
^«°P^^ate chimney with each

to connect two or more of the Ssvete fluef wwf^ ^«

conveying the gaseous -productrfrrtherktf Sm^^^^^^^^^^^ ^t^^P^^^'
the arrangement first described, however and shownT/ thi 7^ <^9^^^^}ont height

;

The gaseous products may bo collectlf and taV .
^^^^wings is preferred,

compounds manufactured Lm themTy the usS? modes tZIk^ '^'l
'^'"^'"'^

Zr.Z^.
...bo effected in a sfmilar

' The new kilns have proved entirely successful
; they are already in use at some of
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worlL ^ThnZ"JI
^"''^ ^^e^^"™' ^"'^ °^°°t6d at a number of other

7„J :
Tho groat Baving in first cost of oven, economy in working and maintenance

okr ^ ' r^T'^'^ '^"^^^^y «^ P^"bably soonl^use this mode 5
at M r Zf- u^" ^'^^ •^^'^ advantageously madeabout 14 feet in width, and 90 feet in length, and 7 feet 6 inches in height ; this sizeoi kiln contains about 160 tons of coal.'

.

••"ib ei^io

from hds memoif•—
°^ gentleman wo are induced to quote yet further

f>,I^^uP^°'^°flT°^^°M"S converts the coal into a porous mass; but this is done during
tne melting of the coal, at which moment the gases in liberating themselves form very
minuto bubbles

; but the practical result is tlio same as in wood-coal, allowing a largo
surtace of carbon in a small space to be acted upon by the blast. As a general rule
coko made rapidly has larger pores and is lighter than coke made slowly ; it accord-
ingly bears less blast, and crumbles too easily in the furnace.

' The process of coking in tho ordinary ovens may be thus explained :

—
"When the

oven is filled with a proper charge, the coal is fired at the surface by the radiated
neat from the roof

; enough air is admitted to consume the gases given off by tho
coal, and thus a high temperature is maintained in the roof of the oven. Tho coal is
by this means melted ; and those portions of it which, under tho influence of a high
temperature, can of themselves form gaseous compounds, are now given off, forming at
the moment of their liberation small bubbles or cells ; the coke now left is quite safe
from waste, unless a further supply of air is allowed to have access to it. At this
stage of the process, the coke assumes a pentagonal or five-sided shape and columnar
structure. "When the coke is left exposed to heat for some time after it is formed, it
becomes harder and works better, from being less liable to crush in the furnace and
decrepitate on exposure to the blast.

' It has been often remarked as a strange fact, that the hotter the oven, the better
the yield of coke ; hence all the arrangements of flues to keep up the temperature
•of the ovens. This fact is, however, the result of laws well known to chemists. "When
the coal is melted as above mentioned, the hydrogen in the coal takes up two atoms of
carbon for each two atoms of hydrogen, forming bicarburetted hydrogen gas (C^H^)

;

this at once escapes, but it has to pass upwards through the red-hot coke above, which
is at a higher temperature than the melted coal below. Now when bicarburetted
hydrogen gas is exposed to a bright red heat it is decomposed, forming carburetted
hydrogen gas (CH'''), and depositing one atom, or one half of its carbon, in a solid
form. Consequently in the process of coking, if the oven is in good working order,
iind the coke hot enough, the liberated carbon is detained in its passage upwards, and
either absorbed by the coke, or crystallised per se upon it. This is simply illustrated

by passing ordinary illuminating gas through a tube heated to a bright red heat ;

the tube will soon become coated internally, and ultimately filled with a carbonaceous
deposit produced by the decomposition of the bicarburetted hydrogen contained in the

gas.

' It is found that' some coal which is too dry or not suificiently bituminous to coke

when put into the oven by itself in lumps, will coke perfectly if crushed small and
well wetted with water and charged in this state. This fact, if followed out, would
lead to an examination of the chemical nature of the effect produced by the water, and

would point the way to further improvements.'

Charred Goal, as it is called, must be regarded as a species of coke. It has been

largely employed in Ueu of charcoal in the manufacture of tin plates. This prepara-

tion'was also a discovery of Mr. Ebenezer Eogers, who thus described its manufacture :

—

The preparation of the ' charred coal ' is simple. The coal is first reduced very'

small, and washed by any of the ordinary means ; it is then spread over the bottom

of a reverberatory furnace to a depth of about four inches ; the bottom of the furnace

is first raised to a red heat. When the small coal is thrown over the bottom, a great

volume of gases is given off, and much ebullition takes place ; this ends in the pro-

duction of a light spongy mass, which is turned over in the furnace and drawn in one

hour and a half. To completely clear off the sidphur, water is now freely sprinkled

over the mass until all smell of the sulphuretted hydrogen produced ceases. Charred

coal has been hitherto produced on the floor of a coke oven, whilst red hot after

drawing the charge of coke. See Tin-Platb Manttfacttjee.

A process has for some time been gaining ground in France known as the • Systime

Ajjpolt,' from its being introduced by two brothers of that name. Tho coking furnaces

employed are vertical, and they are in compartments. The authors published a

description of their process and a statement of its results, ' Carbouisatmi dc la Houille

8ySterne Appolt, decrit par les Auteurs, MM. Appolt Freres:' Paris, 1858; to which

we must refer our readers.
. j i

M. Copp^e has a coke oven which has been largely used in Belgium, and it Has
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The following objects are aimed at inbeen introduced at the Thorncliffo collieries,

the construction of the Coppee ovens :

—

1. The retention (as coke) of as large a proportion of the carbon contained in the
coal as possible.

2. The utilisation of the heat of the gases given off, by the use of flues arranged
to maintain a high temperature, and applied in such contiguity to the oven itself as
to hasten, by imparting an intense heat to the inside of the oven, the expulsion of the

3. As a secondary, but consequent consideration, the application of the heat
retained by the gases when they leave the stack of ovens, to the production of
steam.

The Coppde ovens have each the form of a parallelogram, the usual dimensions
being: length, 29 feet 6 inches; breadth, 18 inches; height, 4 feet These are
charged ynth coals every 24 hours. Wheu built to be drawn every 48 hours the
ovens have the same length, but are built 5 feet 7 inches high and 24 inches broadThe thickness of brickwork between the ovens is 13-2 inches.
The coals, whether washed or otherwise, are crushed or disintegrated before being

placed m the oven to the consistency of very coarse meal. At each end of the oven
are two metal doors moving on hinges, and fixed securely in metal frames, the lower
being 3 feet, and the upper 1 foot in height. Between each two ovens are about 28

l^t::Zti:^^^^^^^^ tfjj^^
one side of each oven, conveythe

are arranged in groups of two The g'ase fto^ ach Zov^''
"""^

course down vertical channels to the hSonteTfluf.n?^ f ^' ^^^^^
such flue by the apertures c c. The coXned is^ .f.

°° •
°^

^""^"^^S
end of the oven, return by the flue under the otWf ^^''f^

^^"""^ ^""^

into a large channel ruLng a^rS to Z'"!;
^"""^ '""^'^^ ^.

tl^s^channel, either directly^.to
aS^^^^^^^^^

smlrlrrbT— ^^^^^^ -plated by three
the oven, or of the vertical flues. 0^ thesr^ir ^.«r°^''^ •

° *°P' '^^^ of
oven, and is worked by the doors, DTand the otheTfarf^ V^^' ''''''' °f
oven, at the sido of the doorw;y, a^ sho^S bv « l«

'^'^ «f tl^e
sliding doors allowing the air t^ be appSd shut Iff

^
v^^'^

arrangement of
promptness. °^ ^iti great facility and
The coke is removed from the ovens bv means of n

dnnng-wheel, which is ^vorked by a small pSie en^^^^ ^ '°Sgod
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ov^S'^'^?:.^^^^^^^^ are placed

openings at tho top. Tl.e coke is 2?^ ^''^.u^''^
are placed over the three

about two minutes A fet of Ja<-ST« ^^1''° 'T' °P'^''''"°" occupying

spread out on the floor A? mTc
once applied to the coke whilst it is being

tboDDod into fl, Vvnn fi ^
^""^^ ^^^^^"^ ''oors are closed, and the coal

t:TJ:X:uS^^^^^^ coal passes being i.media'fy
nnssnrl M„.^„n^l, l^' • . ,

'^^"^ lovoUod in the ovens by means of rakes

Th« tLr ^ •
7^""",'^ "PP'''^ '^oors- I'he upper doors are then closSIhe time occupied from the moment the doors are opened to their £U sealed .ri

S°« ""'r^f
'^^'^"^ been found, by a la ge num" ef of experi

tiv?resu£- ' Thorncliflfe. Chapeltown. gave the following compara-

Per cent, of coke for Per cent, of coke
washed coal for unwashed coal

Common Oven 45
Coppde Oven . . . '. 59 '.

[ es

1 J m ^ll^
Pj^-centage of carbon yielded by the Copp^e oven is probably chiefly due

1st. To the delicate manner in which the admittance of air to the ovens ^an beregulated. The temperature of the common oven is comparatively low when thecombustion of the coal commences, and some time is occupied before the coal is in a
state of combustion. During this time a considerable quantity of air is allowed to
enter the oven and carbonic acid is formed. This naturally takes up a large propor-
tion of the carbon in the coal, which is thus removed almost before the coki4 pro-
cess begins. When, however, the temperature of the oven in being refilledif vervh^h, as in the Copp^e system, it is not unlikely that the free carbon, being thrown
off quickly, will unite with the air and form the oxide, taking up no more carbon
than If, by the introduction of a larger quantity of air, carbonic acid were formed

2nd. To the very smaU space allowed in the oven for the movement of the buminff
gases. °

3rd. To the care with which leakages are provided against.
The quickness with which coke is manufactured by the Copp^e system is doubtless

due to the rapid combustion caused by the action of the constantly-maintained high
temperature of the side, top, and bottom of the ovens, up the enclosed thin upright
layer of coal. °

Such is a sufiacient general description of this new method of coking coal. For
further particulars as to the cost of erection, working expenses, utilisation of gases,
and other matters, the reader is referred to a paper read by Mr. Emerson Bainbridge
before the North of England Institute of Mining and Mechanical Engineers, and
published in their 'Transactions' 1873, p. 81.

Messrs. Breckon and Dixon have patented a coke-oven in which the heat of the
ignited products of combustion is utilised by circulating through flues beneath the floor
of the ovens. It is said that by thus heating the floor, the process of coking is greatly
facilitated.

In the so-called anchor-ovens the entire charge of coke may be drawn out in one
mass, by means of an iron instrument termed an anchor, thu^ saving a considerable
amount of labonr.

COKES. A name given to tin plates which have been prepared with coke.
COXiCOTHAR OP VITBIOIi (Bouffe d'A7igleierre,'Er.; Rothes Eisenoxt/d, Ger.),

the antiquated name of oxide of iron. It is the brownish-red peroxide of iron, pro-
duced by calcining sulphate of iron at a strong heat, levigating the resulting mass,
and elutriating it into an impalpable powder. A better way of making it, so as to

complete the separation of the acid, is to mix 100 parts of the green sulphate of iron

with 42 of common salt, to calcine the mixture, wash away the resulting sulphate of

soda, and levigate the residuum. The best sort of polishing powder, called Jewellers'

rouge, or plate-powder, is the precipitated oxide of iron prepared by adding solution

of soda to solution of copperas, washing, drying, and calcining the powder in shallow
vessels with a gentle heat, till it assumes a deep brown-red colour.

COIiD BIiAST. See Ieon and Hot Blast.
COZiIilXSZIl'E. A volatile base discovered by Anderson in bone oil, and subse-

quently found in shale naphtha.
COXiXiODZOM'. M. Malgaigne communicated to the French Medical Journals

some remarks on the preparation of gun-cotton for surgical purpose* Several French
chemists, at the suggestion of M. Malgaigne, attempted to make an otiiereal solution of

this compound by pursuing the process recommended by Mr. Maynard in the American
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Joiirnal of Medical Science, but they failed in procui-ing the cotton in a state in which

it could bo dissolved in ether. It appears that these experimentalists had employed a

mixture of nitric and sulphuric acids ; but M. Miallie ascertained, after many trials,

that the collodion in a state fitted for solution was much more easily procured by

using a mixture of nitrate of potash and sulphuric acid.

For the information of our readers, we give here a description of M. Miallie's

process for its preparation. It appears from the results obtained from this chemist,

that cotton in its most explosive form is not the best fitted for making the ethereal

solution :

—

Parts by weight

Finely-powdered nitrate of potash . . .40
Concentrated sulphuric acid . . . . 60
Carded cotton . . . . .2

Mix the nitrate with the sulphuric acid in a porcelain vessel, then add the cotton, and
agitate the mass for three minutes by the aid of two glass rods. Wash the cotton, with-

out first pressing it, in a large quantity of water, and when all acidity is removed
(indicated by litmus paper), press it firmly in a cloth. Pull it out into a loose mass,

and dry it in a stove at a moderate heat.

The compound thus obtained is not pure fulminating cotton ; it always retains a
small quantity of sulphuric acid, is less inflammable than gun-cotton, and it leaves a
carbonaceous residue after explosion. It has, however, in a remarkable degree the

property of solubility in ether, especially when mixed with a little alcohol, and it forms
therewith a very adhesive solution, to which the name of collodion has been applied.

Preparation of Collodion.—Prepared cotton, 8 parts; rectified sulphuric ether, 126
parts ; rectified alcohol, 8 parts : all by weight.

Put the cotton with the ether into a well-stopped bottle, and shake the mixture for
some minutes. Then add the alcohol by degrees, and continue to shake until the whole
of the liquid acquires a syrupy consistency. It may be then passed through a cloth,
the residue strongly pressed, and the liquid kept in a well-secured bottle.

Collodion thus prepared possesses remarkable adhesive properties. A piece of linen
or cotton cloth covered with it, and made to adhere by evaporation to the palm of the
hand, will support a weight of twenty or thirty pounds. Its adhesive power is so great
that the cloth will commonly be torn before it gives way. The collodion cannot be
regarded as a perfect solution of the cotton. It contains suspended and floating in it

a quantity of vegetable fibre, which has escaped the solvent action of the ether. The
liquid portion maybe separated from these fibres by a filter, but it is doubtful whether
this is an advantage. In the evaporation of the liquid these undissolved fibres, by
felting with each other, appear to give a greater degree of tenacity and resistance"to
the dried mass.

Small balloons for holding gas are also made of collodion by pouring it into a
glass globe, and turning it about, so that every part is covered with the fluid. As
the ether evaporates, a thin film is left on the surface of the glass. To remove this,
a glass tube is inserted into the neck of the flask, so that the collodion film may
adhere

; the air is sucked out, and the collapsed film is easily withdrawn.
For the application of collodion to photography, see Photogeaphy.
COIiOCYM-TH.^ Citrullus Colocynthis. The Coloquintida, bitter cucumber or

bitter apple, a drastic medicine.
COI.OGN-E x:a.rtK. a brown pigment, prepared from lignite or brown coal
COI.OGirx: Vi:i.l,OW. This pigment consists of a mixture of chromate and

sulphate of lead with sulphate of lime. It is prepared by precipitating a mixture of
nitrate of lead and nitrate of lime, with sulphate of soda and chromate of potash.
COXOniBik. Coccuhis palmatus. A climbing shrub, a native of the intertropical

regions of the earth. It is now cultivated in the Mauritius and the Isle of Bourbon
The root is of a large, fleshy, deep yellow colour, and divided into many irreffular
forks. These are cut off, sliced, strung on cords, and hung to dry in the shade
COI.OFHOXrY. Black resin, the solid residuum of the distillation of turpentine

when all the oil has been worked off.

COI.oazzrz:.
_

An alcoholic extract of garancine, when evaporated, is known in
commerce as colorine. It contains the colouring principles of madder (alizarine and
purpurine), together with fatty matter and other components of the garancine whinh
are ca,pable of extraction by alcohol.

'

COIOUR. In Physics, a property of light, producing peculiar impressions
througli the eye. Every surface, differing in its mechanical structure or chemicil
char;icter, acts differently^ towards the light falling on it, and according to the amnnnt
of absorption, or reflection, or refraction, so is the colour of the ray Whita i« an
entire reflection, and black a total absorption of all the rays, and conseoiifln/lt »
not colours. The following Table is by Mr. William Linton i-

^^'^^^^^^'^tly are
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of Oil Painters' Colours, with notices of their Chemical atid Artistical

Properties.

Colour!
Ckcnilcal Dciilgnatloi]

mid I'rvjmralion
Artlatlcil I'roiwrtU'iand

Durublliiy Addltlonal Colouri,—witli Rcmarki

WHITES. Flake Wiile.

Carbonate of
Load, with an
excess of Oxide.
Plates of lead,

exposed to the
action of vine-
gar-steam in
beds of ferment-
ing tan.

The best Wlilto extant
for Oil orBesin vehicles
when pure, which is

generally ascertabied
by Its exceeding white-
ness and opacity. Its
usual adultei'ations arc
Sulphate of Barytes,
Chalk, Pipe-clay, &c.,
all of which are par-
tially transparent, and
consequently appear
darker in unctuous or
resinous vehicles. It
has no injurious action
upon Vegetable and
other colours, as some
have conjectured. It
is perfectly soluble in
diluted Nitric or Acetic
Acid when free from
Pipe-clay or Sulphate
of Barytes. It is black-
ened by the foul gases
common to most do-
mestic atmospheres,
and is more secure in a
rapidlydrying and pro-
tective vehicle.

There are other Wliites of Lead,
varying in body and brilliancy,
and equally obnoxious to the
action of mephitic vapours ; a«
Krems, Roman, and Venetian
Wliites, and Sulphate of Uad.
The Whites of Jiismvlh, Pearl,
and Antimony are injured by
light as well as by mcphitic
vapours. Those of Zinc, Tin,
and Barytes, although they arc
comparatively secure against
tuu iuui gases, are too iceDio
in body to be satisfactory in
unctuous or resinous vehicles.

Pattinson's Oxichlorideof Lead,
a denser preparation, forms
an admirable substratum for
works in which a powerful
impasto is desired.

Stronlian

Fellow,

Ohromate of
Strontia. A
Solution of Chlo-
ride of Stron-
tium added to
one of Chromate
of Potash.

Of a pale Canary Colour.
Resists the action of
the foul gases and Ught,
and is perfectly dur-
able.

There are other Mineral Yellows,
but they are aU more or less
objectionable. The Chromates
of Lead, Uke all preparations
of that metal, are blackened by
the foul gases. The united
oxides of Lead and Antimony
furnish Naples Yellow, a colour
readily affected by Sulphuret-
ted Hydrogen and other foul
gases, as well as by light, and
by a moist steel spatula. Tur-
pith Mineral or Subsulphate of
Mercury is rapidly blackened
by light, and by the foul airs.

Orpimeni, or King's Yellow
(Arsenic and Suiphur), is

equally destructible ; also Pa-
tent Yellow (Lead and Salt
heated violently).

The Zinc Yellows, of which
many have been published, are
too deficient in body for oil.

Chromate of Cadmium and
Oxide of Uranium are feeble
in body and seriously injured
by mephitic airs, and Chromate
of Mercury and Oxide of Ce-
riimi are destroyed by them.
Madder Yellow, like Madder
Red, is dissipated by light.

Chromate of Barytes (Lemon
Yellow) is too feeble in body in

Oil. Alassicot blackens with
foul air ; so do Chrome Yellow,
and Chrome Orange, and
Jaune Mineral, being prepara-

tions of lead. Besides the Eu-
ropean Ochres, may be noticed

a great variety, of almost every
conceivable tint, of Red,
Orange Yellow, and Putple,—
from Hindostiin, Canada, and
Trinidad, which were In the

Great Exhibition of 18.51. They
are perfectly durable.

YELLOWS.

Cadmium
Yellow.

Sulphide of Cad-
mium. A com-
bination of Cad-
mium and Sul-

phur.

A rich and brilliant

action of thefonl gases,
light, &c.. and is per-
fectly durable. A good
substitute, like Stron-
tianYellow,forNaples,
Chrome, and other
changeable Mineral
Yellows.

Yellow, Oxford,
Roman, Stone,

Hrown,Sienna,
with Orange,
Puce, Purple,
and other In-
dian and Ame-
rican Ochres.

Native Earths,
consisting of Si-

lica and Alu-
mina, coloured

by Oxide of Iron.

All permanent Colours,
whether Native, Arti-

ficial, or Burnt. The
Oxides of Iron are

among the most staple

colours of the palette.

When properly washed
and prepared for oil

painting, they are in-

capable of injiiring

other colom's, and may
be said to constitute

the soundest materials

with which the chc-



COLOUR 895

CO

is
o
»-)

Colours
Chcmlcnl DcaignttMon

and Preparation

ArtUlicnl FropcrtloB and
Durability Additional Coloura,—with Remarks

Jaune de Mars.
A Chemical Pre-
paration with si-

milar properties.

misti'y of Nature has
fiumished the painter

for the imitation of her

works.

Palladium Yellow is better

avoided, so is Golden Snl-

phuret of Antimony. Chro-
mate of Tin darkens in oil, and
Platinum Yellow is worthless.

Gamboge (vegetable) bleaches

in the light. Brown-pink, and
others of the same class are

also evanescent in their layers

.

The Vegetable Yellows are not
to be depended npon. They
soon disappear when applied in
delicate tints or thin glazings,

especially if subjected to the
action of the solar rays.

CQ

fi

M

Light Red.
Yellow Ochre,

Burnt.
Sound, useful, and
durable colours.

There are other Mineral Beds
which are durable, butthey axe
of inferior quality, and are not
needed. Native Cinnabar is in-

ferior is every respect to Ver-

milion. Venetian Red is an
inferior representative of In-

dian Bed, and Colcothar a stiU

coarserone. iJedZeadblackens
in oil ; and Iodide of Mercury
hasnoclaimtodiurability. Red
Precipitate is worthless. Phos-

phate of Cobalt (a Pink Sili-

cate) wants body, and darkens
in oil, Mineral Lake (Tin and
Chromium) is too feeble in

body. Lilac and Crimson Sili-

cates, from Gold, have not body
enough for oil painting.

Among Vegetable Beds, the
Madders have the best repu-
tation for standing. All vege-
table colours, however, should
be looked upon with suspicion

when used in thin glazings.

Indian Red.
A Native Iron

Oxide.

Vermilion.

Bisulphide ofMer-
cury. Mercury
and Sulphtu:

combined.

A beautiful colour, and
of an excellent body.
^^Ulut^ pUlllltlUclllJ, tlilU

not affected by acids or

caustic altaUs. Va-
porised by a red heat,

if pure.

Madder Lakes,
Vegetable dyes on

earthy bases.

Eich and beautiful

colours.

Palladium Red.
Ammonio-perchlo-
ride of Palladium.

A rich, deep, and
beautiful colour.

to"

Hi
m

Ultramarine,
Native*

A compound of

Silicate of Alu-
mina and Sili-

cate of Soda,
with Sulphide of

Sodium : the co-

lour is owing to

the reaction of

the latter on the
two former con-
stituents.

The Native is pre-
paredfromLapis
lazuli.

A brilliant purplish-

blue. None of the me-
phitic gases or light do
it any injury. Acids
win remove its colour.

It is perfectly durable
for the painter. The
artificial preparation
by Zuber, of Alsace (in

the Great Exhibition
of 1851), is of a less

purple hue, and better
fitted for the aerial

tints of landscape.

There are other Mineral Blues,

but they are better avoided.

The Silicate of Cobalt and
PotassamakesCobaltBlue; and
the Oxide of Cobalt and Po-
tassa makes Smalt: both feeble

pigments. VerditerandaUthe
Copper Blues turn Green, and
darken in oil. A Blue Frit, a
Silicate of Copper(Alexandiian
Blue), brought by Mr. Layard
from Nineveh, which has re-

tained its colour for probably
4000 years, turned black when
mixed with oil. The perma-
nence of Vitreous (called

Sihca) colours, when levigated

for pigments, is a delusion.

They are subject to all the
changes and affinities of the'

substances which compose
them. Prussian Blue is liable

to change, Indigo fades in the
Ught.

Ultramarine,

to

(a Chromium
Green.

Sesquioxide of
Chromium,

When Chromate
of Mercury (the
Grange precipi-
tate on mixing
Nitrate of Mer-
cury and Chro-
mate of Potash)
is strongly igni-

ted, Oxide of

Chromium re-

mains in a pow-
der.

An opaque light Green,
of a full body, and per-
manent in all respects.

It is the colouring mat-
ter of emeralds.

There are other Mineral Greens.
Thosefrom theArtificial ITltra-

marine process, though dura-
ble, are wanting in body and
richness. The Phosphates,
Carbonates (Malachite) , Disul-
phates, and Acetates of Copper,
vAth. IVIineral, Vcrditer, and
Verdigris Greens,arcblackened
by fonl gases, and deoxidised
or darkened by oil. Nickel
Green also darkens and black-
ens in oil. Schcelc's Green
(Vert M6tis), Arsenate of Cop.
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'Artiitical Properties uid
Durability Additional Coloori,—wltli Rcmarki

oiiicato of Prot-
oxido of Iron,
with Wiitor, Po-
tassa, ntid Mag.
nosia. A Natlvo
Mineral

A delicate neutral
Green. Quite perma-
nent. Like Ultrama-
rine, its colour is de-
stroyed by acids.

per, darkens In oil and foul
air. Zinc or Cobalt Green
(Rinmann'g Green) is perma-
nent, but inferior in body and
colour to the Green of Chro-
mium.

M

«

Vandyke, Cap-
//Ull, iiuuefts,

Cassel, nnd Co-
logne Browns.

Decomposed Vo-
gotable, with Bi-
tuminous Mat-
ter.

The best when deep,
rich, and transparent.

There aro other Browns, but
many of them are less durable.
Madder Brown, like all the
other Madders, \b liable to fade.
Ivory and Bone Browns are not
so permanent as the blacks
of those substances. Catechu
Brown, rich and transparent,
is subject to fly when laid on
thinly. Manganese Brown is

semi-opaque, but a good drier,

Prussian Brown (Ferrocyanide
of Copper) is affected by foul
gas, and destroyed by alkalis.

Calcined Prussian Blue is a fine

Brown, but troublesome to
prepare. The peaty Browns,

colouring matter, have a slight

tendency to become paler when
used very thinly, and exposed
to strong light.

Terre Verte

Brown,
Terre Verte.

Burnt. A quiet beautiful colour.

Umber.
An Iron Ore with

Manganese.
An useful colour both

Raw and Burnt.

Mummy.

Wlilto Pitch nnd
Myrrh, com-
bined mth Ani-
mal Matter.

Rich transparent Brown.

Asphaltum.

Bitumen. A Mi-
neral Pitch or
Besin found
floating on the
Dead Sea ; also
after the distil-

lation of Natural
Naphtha.

Asphaltum is liable to
crack, except when in
an unctuous or waxy

BLACKS.

Ivory Black. Burnt Ivory. Of a Brownish-black
tint, quite permanent.

«

There are other permanent
Blacks, as Bone-black (Burnt
Bones) , Lamp-black (pure Car-
bon), the Soot of Burnt Resin,

and TvuT)entine . Manganese-
black, a native product, and a
good drier (Peroxide of Man-
ganese). There are also Black
Ochres, native earths, but they
are not required.

Blue-black,

Burnt Vine
Twigs, &c. Com-
mon Blacks
mixed with in-

secure Blues are
sometimes sub-
stituted by em-
pirics. The Blue-
black of the an-
cients was made
with the lees of
wine.

Of a Bluish-black tint,

perfectly durable.

COXiOTrxmrG MATTERSi Thecoloiirof any object, either natural or artificial,

owes its origin to the effect produced on it by the rays of light. This effect is either due
to the mass or substance of the body itself, as may be seen in the colours of metals and
many shells, or it arises from the presence of some foreign substance or substances

not absolutely essential to it, and which may in many cases be separated and removed
from it. It is in speaking of these foreign substances which are often found colouring

natural objects, or which are employed in the arts for the purpose of imparting colours

to various materials, that we generally make use of the term colotjeing matteh.

By chemists, however, the term is only applied to organic bodies, and not to mineral

substances, such as oxide of iron, cinnabar, ultramarine, &c., which, though they are

employed as pigments in the arts, differ very widely in their properties from one

another and from colouring matters in the narrower sense of the word. Colouring

matters may be defined to be substances produced in animal or vegetable organisms,

or easily formed there by processes occurring in nature (such as oxidation or fermen-

tation), and which are either themselves coloiu^ed or give colom-ed compounds with

bases or with animal or vegetable fibre. According to this definition, bodies like

carbazotic acid and murexide, which are formed by complicated processes such as

never occur in nature, are excluded, though they resemble true colouring matters in

many of their properties, such as that of giving intensely-coloured compound

bases. Whether, however, even after accepting the above definition, colouring

matters can be considered as constituting a natural class of organic bodies, such as

the fats, resins, &c., must still remain doubtful, though modern research tends to prove

that these substances are related to one another by other properties besides the acci-

dental one of colour, and will probably be found eventually to belong in reabty to one

natural class.
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Colouring matters occur in all tho organs of plants, in tho root, wood, bark, leaves,

flowers and fruit ; in the skin, hair, feathers, blood, and various secretions of animals ;

in insects, for example, in various species of coccus ; and in mollusca, such as tho

murex. Indeed tliere are very few plants or animals whose organs do not produce

some kind of coloiu-ing matter. It is remarkable, however, that the colours which are

most frequently presented to our view, such as those of the leaves and flowers of

plants and the blood of animals, are produced by colouring matters witli which wo are

but very little acquainted, the colouring matters used in the arts, and wliich have been

examined with most care, being derived chiefly from less conspicuous organs, such as

the roots and stems of plants. In almost all cases the preparation of colouring

matters in a state of piu'ity presencs great difficulties, so that it may even be said that

very few are known in that state.

Some coloitring matters bear a great resemblance to the so-called extractive matters,

others to resins. Hence they have been divided into extractive and resinous colouring

matters. These resemblances are, however, of no great importance. The principal

colouring matters possess such peculiar properties that they must be considered as

bodies altogether sui generis.

As regards their most prominent physical characteristic, colouring matters are

divided into three principal classes : viz., the red, yellow, and blue, the last class com-

prising the smallest niimber. Only one true green colouring matter occurs in nature,

•viz., chlorophyll, the substance to which the green colour of leaves is owing.' Black

and brown coloiu'ing matters are also uncommon, the black and brown coloxirs

obtained in the arts from animals or vegetables being (with the exception of sepia and
a few others) compoimds of colouring matters with bases. The colours of natural

objects are often due to the presence of more than one colouring matter. This may
easily be seen in the petals of some flowers. If, for instance, the petals of the orange-

coloured variety of the Troptsolum majus be treated with boiling water, a colouring

matter is extracted which imparts to the water a purple colour. The petals now
appear yellow, and if they be treated with boiling spirits of wine, a yellow colouring

matter is extracted, and they then become white. When the purple colouring matter
is absent the flowers are yellow ; when, on the contrary, it is present in greater abun-
dance, they assume diiFerent shades of brown. Precisely the same phenomena are

observed in treating the petals of the brown Calceolaria successively with boiling

water and spirits of wine. In many cases colouring matters exhibit, when in an
uncombined state, an entirely different colour from what they do when they enter

into a state of combination. The colouring matter of litmus, for instance, is, when
uncombined, red, but its compounds with alkalis are blue. The alkaline compounds
of alizarine are of a rich violet colour, while the substance itself is reddish-yellow.

Many yellow colouring matters become brovra by the action of alkali, and the blue
colouring matters of flowers generally turn green when exposed to the same influence.

The classification of colouring matters, according to colour, is therefore purely arti-

ficial. The terms red, yellow, and blue col-oiu'ing matter, merely signify that the
substance itself possesses one of these colours, or that most of its compounds are re-

spectively red, yellow, or blue. In almost all cases, even when the colour is not entirely
changed by combination with other bodies, its intensity is much increased thereby,
substances of a pale yellow colour becoming of a deep yellow, and so on.

Colouring matters consist, like most other organic substances, either of carbon,
hydrogen, and oxygen, or of those elements in addition to nitrogen. The exact relative
proportion of these constituents, however, is knovra in very few cases, and in still fewer
instances have the chemical formulae of the compounds been established with any ap-
proach to certainty. This proceeds on the one hand from the small quantities of these
substances usually present in the organs of plants and animals, and the difficulty of ob-
taining sufficient quantities for examination in a state of purity, and on the other hand
from the circumstance of their possessing a very complex chemical constitution and
high atomic weight.

Only a small number of colouring matters are capable of assuming a crystalline
form ; the greater number, especially the so-called resinous ones, being perfectly amor-
phous. Among those which have been obtained in a crystalline form, may be men-
tioned alizarine, indigo-blue, quercitrine, morine, luteoline, chrysophan, and rutine. It
is probable, however, that when improved methods have been discovered of preparing
colouring matters, and of separating them from tho impurities with which they are so
often associated, many which are now supposed to be amorphous will be found to be
capable of crystallising.

Very little is known concerning the action of light on colouring matters and their

• Another green colouring matter, derived from different species of Rhamnus, has been describerl
under the name of ' Chinese Green.' It is stated to be a pecuUar substance, not as might be -inD
posed, a mixtiure of a blue and a yellow colouring matter.

*^
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compounds. It ,« wo 1 known Uiut Uio.sc bodies wlic-n exposed to the rays of the sunespecial y when deposited ni thia layers on or in fabrics made of animal or vegotablematenuls lose nmeh of the intensity, of their colour, and sometimes even d^Zl
entirely, that is, they are converted into colourless bodies. But whether this processdepends on a physical action induced by the light, or whether, as is more probible itconsists in promoting the decomposing action of oxygen and moisture on them, is
uncertain. I ho most stable colouring matters, such as indigo-blue and alizarine in
ita compounds, are not insensible to tiie action of liglit. Others, such as carthamino
trom safflower, disappear rapidly when exposed to its influence. Colours produced by
a mixture of two colouring matters are often found to resist the action of light better
than those obtained from one alone. In one case, viz., that of Tynan purple, the action
ot light seems to be absolutely essential to the formation of the colouring matter. The
loaves of plants also remain colourless if the plants are grown in darkness, though in
this case tlie formation of the green colouring matter is probably not duo to the direct
chemical action of the light.

The action of heat on colouring matters varies very much according to tlie nature
of the latter and the method of applying the heat. A moderate degree of heat often
changes tiie hue of a colouring matter and its compounds, the original colour being
restored on cooling, an effect which is probably due to physical causes. Sometimes
this effect is, without doubt, owing to the loss of water. Alizarine, for instance, crys-
tallised from alcohol

, when heated to 2 1 2° F. loses its water of crystallisation, its colour
changing at the same time from reddish-yellow to red. At a still higher temperature
most colouring matters are entirely decomposed, the products of decomposition being
those usually afforded by organic matters, such as water, carbonic acid, carburetted
hydrogen, empyreumatic oils, and, if tlie substance contains nitrogen, ammonia, or
organic bases such as aniline. A few colouring matters, as for example alizarine,
rubiacine, indigo-blue, and indigo-red, if carefully heated, may be volatilised without
change, and yield beautiful crystallised sublimates, though a portion of the substance
is sometimes decomposed, giving carbon and empyreumatic products.

Colouring matters, like most other organic substances, undergo decomposition witli
more or less facility when exposed to the action of oxygen ; and the process may, indeed
be more easily traced, in their case, as it is always accompanied by a change of hue.
Its effects may be daily observed in the colours of natiu-al objects belonging to the
organic world. Flowers, in many cases, lose a portion of their colour before fading.
The leaves of plants, before they fall, lose their green colour and become red or yellow.
The colour of venous blood changes, when exposed to the air, from dark red to light
red. When exposed to the action of oxygen, blue and red colouring matters generally
become yellow or brown ; but the process seldom ends here : it continues until the colour
is quite destroyed ; that is, until the substance is converted into a colourless compound.
This may be easily seen when a fabric, dyed of some fugitive colour, is exposed to the
air. The intensity of the colour diminishes, in the Jirst instance ; it then changes in
hue, and, finally, disappears entirely. Indeed, the whole process of bleaching in the
air depends on the concurrent action of oxygen, light, and moisture. The precise

nature of the chemical changes which colouring matters undergo during this process
of oxidation is unknown. No doubt, it consists, generally speaking, in the removal
of a portion of their carbon and hydrogen, in the shape of carbonic acid and water,

and the conversion of the chief mass of the substance into a more stable compound,
capable of resisting the further action of oxygen. But this statement conveys very
little information to the chemist, "who, in order to ascertain the nature of a process of

decomposition, requires to know exactly all its products, and to compare their composi-

tion with that of the substances from which they are derived. The indeterminate

and uninteresting nature of the bodies into which most colouring matters are converted

by oxidation has probably deterred chemists from their examination. The action of

oxygen on colouring matters varies according to their nature and the manner in

which the oxygen is applied, and it is the degree of resistance which they are capable

of opposing to its action that chiefly determines the stability of the colours produced by

their means in the arts. Indigo-blue shows no tendency to be decomposed by gaseous

oxygen at ordinary temperatures ; it is only when the latter is presented in a con-

centrated form, as in nitric or chromic acid, or in a nascent state, as in a solution of

ferridcyanide of potassium containing caustic potash, that it undergoes decomposition.

"When, however, indigo-blue enters into combination with sulphuric acid, it is decom-

posed by means of oxygen with as much facility as some of the least stable of this

class of bodies. Some colouring matters are capable of resisting the action of oxygen

even in its most concentrated form. Of this kind are rubianine and rubiacine, which,

when treated with boiling nitric acid, merely dissolve in the liquid and crystallise out

again, when the latter is allowed to cool. The action of atmospheric oxj'gen on

colouring matters is generally promoted by alkalis, and retarded in tlio presence of
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ncids. A watery solutiou of hematino, whou inixed with au excess of caustic alkali,

becomes of a beautiful piu-plo; but the colour when exposed to the air, almost im-

mediately turns brown, the hematino being then completely changed. It is almost

needless to observe, that the bodies into which colouring matters are converted by
oxidation are incapable, under any circumstances, of returning to their original state.

The action of reducing agents, that is of bodies having a great affinity for oxygen,

on some colouring matters, is very peculiar. K indigo-blue, suspended in water, be

placed in contact witli protoxide of iron, protoxide of tin, or an alkaline sulphuret,

sulpliite, or phosphite, or grape sugar, or, in short, any easily oxidisable body, an
excess of some alkali or alkaline earth being present at the same time, it dissolves,

forming a pale yellow solution without a trace of blue. This solution contains, in

combination with the alkali or alkaline earth, a perfectly white substance, to which
tlio name of reduced indigo has been applied. When an excess of acid is added to the

solution, it is precipitated in white flocks. By exposure to the air, either by itself or

in a state of solution, reduced indigo rapidly attracts oxygen, and is reconverted into

indigo-blue. Hence the surface of the solution, if left to stand in uncovered vessels,

becomes covered with a blue film of regenerated indigo-bhie. It was for a long time
supposed that reduced indigo was simply deoxidised indigo-blue, and that the process

consisted merely in the indigo-blue parting with a portion of its oxygen, which was
taken up again on exposiu'e to the air. It has, however, been discovered that in

every case water is decomposed during the process of reduction which indigo-blue

undergoes, the oxygen of the water combining with the reducing agent, and the
hydrogen uniting with the indigo-blue, water being again formed when reduced indigo

comes in contact with oxygen. Eeduced indigo is therefore not a body containing less

oxygen than indigo-blue, but is a compound of the latter with hydrogen. There are
several red colouring matters which possess the same property, that of being converted
into colourless compounds by the simultaneous action of reducing agents and
alkalis, and of returning to their original state when exposed to the action of oxygen.
There can be little doubt that the process consists, in aU cases, in the colouring matter
combining with hydrogen and parting with it again when the hyduret comes in eon-
tact with oxygen.

The action of chlorine on colouring matters is very similar to that of oxygen, though,
in general, chlorine acts more energetically. The first effect produced by chlorine,
whether it be applied as free chlorine, or in a state of combination with an alkali, or
alkaline earth as an hypochlorite, usually consists in a change of colour. Blue and
red colouring matters generally become yellow. By the continued action of chlorine
all trace of colour disappears, and the final result is the formation of a perfectly white
substance, which is usually more easily soluble in water and other menstrua than that
from which it was formed. Since it is most commonly by means of chlorine or its

compounds that colouring matters are destroyed or got rid of in the arts, as in bleaching
fabrics and discharging colours, the process of decomposition which they undergo by
means of chlorine has attracted a good deal of attention, and the nature of the chemical
changes, which take place in the coiu-se of it, has often been made a subject of dispute,
though the taatter is one possessing more of a theoretical than a practical interest. It
is a well-known fact that many organic bodies are decomposed when they are brought
into contact, in a dry state, with dry chlorine gas. The decomposition consists in the
elimination of a portion of the hydrogen of the substance and its substitution by
chlorine. When water is present at the same time, the decomposition is, however, not
so simple. It is well known that chlorine decomposes water, combining with' the
hydrogen of the latter and setting its oxygen at liberty, and it has been asserted, that
in the bleaching of colouring matters by means of chlorine when moisture is usually
present, this always takes place in the first instance, and that it is in fact the oxygen
which effects their destruction, not the chlorine. This appears, indeed, to be the case
occasionally. Eubian, for instance, the body from which alizarine is derived, gives,
when decomposed with chloride of lime, phthalic acid, a beautifully-crystallised sub-
stance, containing no chlorine, which is also produced by the action of nitric acid on
rubian, and is, therefore, truly a product of oxidation. In many cases, however, it is
certain that the chlorine itself also enters into the composition of the new bodies
produced by its action on colouring matters. When, for instance, the chlorine acts
on indigo-blue, chlorisatine is formed, which is indigo-blue, in which one atom of
hydrogen is replaced by one of chlorine, plus two atoms of oxygen, the latter being
derived from the decomposition of water.

The behaviour of colouring matters towards water and other solvents is vervA-arious
Some colouring matters, such as those of logwood and brazilwood, are very easilv
soluble in water. Others, such as the colouring matters of madder and quercitron bark
are only sparingly soluble in water. Many, especially the so-called resinous ones are
insoluble in water, but more or less soluble in alcohol and ether, or alkaline liquids. A

3 M 2
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few, such aB indigo-bluo, aro almost insoluble in all monstrua, and can only be made
to dissolve by couvorting thorn, by means of reducing agents, into other bodies soluble

iji alkalis. Those Avhich are soluble in -water, are, generally speaking, of the greatest

importanao in the arts, since they admit of more ready application, when they possess

this property.

The behaviour of colouring matters towards acids is often very characteristic. Most
colouring matters are completely decomposed by nitric, chloric, manganic, and chromic
acidB, in consequence of the large proportion of oxygon which these acids contain. With
many colouring matters the decomposition takes place oven at the ordinary temperature

:

with others, it only commences when the acid is warmed, especially if the Litter be

applied in a state of considerable dilution. Concentrated sulphuric acid also destroys

most colouring matters, especially if the acid bo heated. It seems to act by depriving

them of the elements of water, and thereby converting them into substances containing

more carbon than before, as may bo inferred from the dark, almost black, colour

which they acquire. At the same time the acid generally loses a portion of its

oxygon, since sulphurous acid is almost always evolved on heating. Some colouring

matters, such as alizarine, are not decomposed by concentrated sulphuric £icid even

when the latter is raised to the boiling point ; they merely dissolve, forming solutions

of various colours, from which they are precipitated unchanged, on the addition of

water, when they are insoluble or not easily soluble in the latter. Others, again, like

indigo-blue, dissolve in concentrated or fuming sulphuric acid, without being decom-

posed, and at the same time enter into combination with the acid, forming true double

acids, which are easily soluble in water and combine as such with bases. Many
colouring matters undergo a change of colour when exposed to the action of acids, the

original colour being restored by the addition of an excess of alkali, and this property

is made use of for the detection of acids and alkalis. The colour of an infusion of

litmus, for instance, is changed by acids from blue to red, and the blue colour is restored

by alkalis. An infusion of the petals of the purple dahlia or of the violet becomes

red on the addition of acids, and this red colour changes again to purple or blue with

alkalis, an excess of alkali making it green. The yellow colour of rutine becomes

deeper with strong acids. In most cases, this alteration of colour depends on a very

simple chemical change. Litmus, for example, in the state in which it occurs in

commerce, consists of a red colouring matter in combination with ammonia, the com-

pound being blue. By the addition of an acid, the ammonia is removed, and the

uncombined red colom?ing matter makes its appearance. Ammonia and most alkalis

remove the excess of acid, and, by combining with the red colouring matter, restore

the blue colour. "Wlien a colouring matter, like alizarine, is only sparingly soluble in

water, its solubility is generally diminislied in the presence of a strong acid. Hence,

by adding acid to the watery solution, a portion of the colouring matter is usually

precipitated. It is very seldom that colouring matters are really found to enter into

combination with acids. Indeed, only one, viz. berberine, is capable of
_
acting the

part of a true base, and forming definite compoimds with acids. Some acids, such as

sulphurous and hydrosulphuric acids, do certainly seem to combine with some

colouring matters and form with them compounds, in which the colour is completely

dis'mised, and apparently destroyed. If a red rose be suspended in an atmosphere of

sulphurous acid it becomes white, but the red colour may be restored by neutrabsing

the acid with some alkali. -On this property of sulphurous acid depends the process

of bleaching woollen fabrics by means of burning sulphur. In this case the colourmg

matter is not destroyed, but only disguised by its combination with the acid.

_

Most colouring matters are capable of combining with bases. Indeed their aflimty

for the latter is generally so marked that they may be considered as belonging to the

class of weak acids. Like all other weak acids, they form, with bases, compounds ot a

very indefinite composition, so much so, that the same compound, prepared on two

different occasions, is often found to be differently constituted. Hence the great

difficulty experienced by chemists in determining the atomic weight of colouring matters.

There are very few of the latter for which several formulae, all equally probable, may

not be given, if the compounds with bases be employed for their determination T e

compounds of colouring matters with bases hardly ever crystallise

are mostly soluble in water and amorphous ; those widi the alkaline earths, lime, and

bar^raJe sometimes soluble, sometimes insoluble ; those with the earths and meta^^^

oxides are almost always insoluble in water. The 7?^?°'^".'^^
^T^^f^^Jts Welded

obtained by dissolving the colouring matter in water to which ^
l^ff^^ ^;^^i\^'^Yf

.andevapo/atingto dryness: an operation which ^^^^t/^.
^^'^ff^j^^^^S^^^^

colouring matter is one easily afiected by oxygen. The ol^^l^^?"^PJ':^^g^^

earths and metallic oxides, are obtained either by double ^f^puiposition of J^^sohiW^

compound with a soluble salt of the respective base, or by f
^

coloring matter, in water or any other menstruum, a salt of the base contnning some
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weak acicf^ such as acetic acid. It is remarkable tJiat of all bases none show so much
affinity for coloui-ing matters as alumina, poroxido of iron, and peroxide of tin, bodies
which occupy an intermediate position bet-ween acids and bases. If a solution of any
colouring matter be agitated -with a sufficient quantity of the hydrates of any of these
bases, the solution becomes decolourised, the whole of the colouring matter combining
witli the base and forming a coloured compound. It is accordingly these bases that
are chiefly employed in dyeing, for the purpose of fixing colouring matters on par-
ticxilar portions of the fabric to be dyed. When used for this purpose they are called
jtMrdants. Their compounds with colouring matters are denominated lakes, and are
employed as pigments by painters. The colours of the compounds usually differ,
either in kind or degree, from those of the colouring matters themselves. Eed
colouring matters often form blue compounds, yello-w ones sometimes give red or
purple compounds. The compounds "with peroxide of iron are usually distinguished
by the intensity of their colour. When a colouring matter gives -with alumina and
oxide of tin red compounds, its compound with peroxide of iron is usually piirple
or black

; and "when the former are yellow, the latter is commonly olive or bro^wn.
Almost all the compounds of coloxiring matters -with bases are decomposed by strong
acids, such as sulphuric, muriatic, nitric, oxalic, and tartaric acids, and even acetic
acid is not -without effect on some of these compounds. The compounds -with earths
and metallic oxides are also decomposed, sometimes by alkalis. A solution of soap
is sufficient to produce this effect in many cases, and dyes are therefore often tested
by means of a solution of soap in order to ascertain the degree of permanence -which
they possess.

No property is so characteristic of colouring matters, as a class, as their beha-doiu?
to-wards bodies of a porous nature, such as charcoal. If a -watery solution of a colouring
matter be agitated -with charcoal, animal charcoal being best adapted for the purpose,
the colouring matter is generally entirely removed from the sohition and absorbed by
the charcoal. The combination -which takes place under these circumstances is pro-
bably not due to any chemical affinity, but is rather an effect of the so-called attraction
of surface, -which -we often see exerted by bodies of a porous nature, such as charcoal
and spongy platmum, and -which enable the latter to absorb such large quantities of
gases of various kinds. That the compoimd is indeed more of a physical than a
chemical nature seems to be proved by the circumstances that sometimes the colouring
matter is separated from its combination with the charcoal by means of boiling alcohol
an agent which can hardly be supposed to exert a stronger chemical affinity than water'
It IS this property of colouring matters which is made use of by chemists to decolourise
solutions,_ and by sugar manufacturers to purify their sugar. The attraction manifested
by colouring matters for animal or vegetable fibre is probably also a phenomenon of
the same nature, caused by the porous condition of flie latter, and the powerful affinity
of the so-caUed mordants for colouring matters, may, perhaps, be in part accounted
tor by_their state of mechanical division being different from that of other bases
Lolouring matters, however, vary much from one another in their behaviour towardsanimal or vegetable fibre. Some, such as indigo-blue, and the colouring matters ofsafijower and tiumeric, are capable of combining directly with the latter, and imparting
to them colours of gi-eat intensity. Others are only slightly attracted by them andconsequently impart only feeble t nts

;
they therefore requirefwhen they are employed

To ?hetst IS'-rITT ?^'i "i'
^•^'^«^P°^ition of an earthy or metallic^Jse.

i.f f^ - }
Bancroft applied the t^xm substantive colouring matters, to the secondthat ot adjective colouring matters.

One of the most interesting questions connected with the history of colouring matters
IS that in regard to the original state in which these substances exist in the animal andvegetable organisms from which they are derived. It has been known aW timethat many dye-stuffs, such as indigo and archil, do not exist ready formed in theISfrom which they are obtained, and that a long and often difficult process of prepaStions required m order to ebmmate them. The plants wliich yield indigo exS whilethey are growing no trace of blue coloui-. The colouring matter only maker tsappearance after the juice of the plant has undergone a process of fermentatSn Thehchens employed in the preparation of archil and Htmus are colourless, or at mostlight brown, but by steeping them in Hquids containing ammonia andlim^ a colourin

'

matter of an intense red is gradually generated, which remains dissolvedTn tLalk2qmd. Other phenomena of a similar nature might be mentioned, a Cfns4ncethe formation of the so-called Tynan purple from the juice of a sheU-fish -ind r,P.^ones are from time to time being discovered. In order to exinl^in Tinned 'i

various hypotheses have been resorted to. It supp^seT "iS^^^^^^
v^d^gofercBco^Um^Av^hxt^ or reduced indigo, and hence were devoid of colo^ andthat the process of preparing mdigo-blue consisted simply in oxidising thewhS/which was for this reason denominated indigogcnchy som^S^.tJ^^^^T

^^""^

same
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assumption was made in regard to other colouring matters, all of which were supposed
to exist originally in a deoxidised and colourless sbito. In regard to indigo, howover,
the hypothesis is disproved at once by the fact tliat reduced indigo is only soluble in
alkaline liquids, and that the juice of the indigo-bearing plants is always acid. In
regard to tlio other colouring matters it seems also to bo quite untenable. The first person
to tiirow some light on this obscure department of organic chemistry was liobiquet. This
distinguished chemist succeeded in obtJiining from lichens in their colourless state a
beautifully crystallised, colourless substance, soluble in water, having a sweet taste, and
consisting of carbon, hydrogen, and oxygen. This substance he denominated orciTie.

]?y the combined action of ammonia and oxygen, ho found it to be converted into a red
colouring matter, containing nitrogen, and insoluble in water, which was in fact

identical with the colouring matter of archil. This beautiful discovery furnished
chemists with a simple explanation for the curious plienomena obson'ed in the forma-
tion of this and other colouring matters, and it was soon followed by others. Hoeren
and Kane obtained from various lichens other colourless substances of similar pro-

perties, and it was shown by Schunck that orcine is not oven the first link in the

chain, but is itself formed from another body, Iccanorine, which, by the action of

alkalis, yields orcine and carbonic acid, just as sugar by fermentation gives alcohol

and carbonic acid. In like manner it was discovered by Erdmann that the colouring

matter of logwood is formed by the simultaneous action of oxygen and alkalis from
a crystallised coloiu'less substance, hcemaioxyline, which is the original substance

existing in the wood of the tree, and is like the others, not itself strictly speaking, a

colouring matter, but a substance which gives rise to the formation of one.

There is, however, another class of phenomena connected with the formation of

colouring matters, entirely different from that just referred to. It was discovered by
Eobiquet that if madder be treated for some time with sxdphuric acid, and the acid be

afterwards completely removed, the madder is found to have acquired a much greater

tinctorial power than before. This fact was explained by some chemists by supposing

that the sulphuric acid had combined -with or destroyed some substance or substances,

contained in the madder which had previously hindered the colouring matter from

exerting its full power in dyeing, such as lime, sugar, woody fibre, &c. By others it

was suspected that an actual formation of colouring matter took place during the

process, and this suspicion has been verified by recent researches. Schunck suc-

ceeded in preparing from madder a substance resembling gum, very soluble in water,

amorphous, and having a very bitter taste, like madder itself, and to which he gave

the name of rubian. This substance, though not colourless, is incapable of combining

with mordants, like most colom'ing matters. When, however, it is acted on by strong

acids, such as sulphuric or muriatic acid, it is completely decomposed, and gives rise

to a number of products, the most important of which is alizarine, one of the colouring

matters of madder itself. Among the other products are a yellow crystallised colouring

matter, nibianine, two amorphous red colouring matters resembling resins, rubiretine and

verantinc, and lastly, grape-sugar. When subjected to fermentation, the same products

are formed, with the exception of rubianine, which is replaced by a yellow colour-

ing matter of similar properties. This process of decomposition evidently belongs to

that numerous class called by some chemists ' catalytic,' in which the decomposing

agent does not act, as far as we know, in virtue of its chemical affinities. It is evident,

then, that when madder is acted on by sulphuric acid an actual formation of colouring

matter takes place, and it is even probable that the whole of the colouring matter

found in madder in its usual state was originally formed from rubian, by a process of

slow fermentation, the portion of the latter still remaining undecomposed being that

which is acted on when acids are applied to madder. From the Isatis tinctona or

common woad plant, Schunck, in like manner, extracted an amorphous substance,

easily soluble in water, called by him indican, and which, by the action of strong

acids, is decomposed into indigo-blue, indigo-red, sugar, and other products, among

which are also several resinous colouring matters. Looking at them from this point

of view, colouring matters may be divided into two classes, viz., first, such as are

formed from other substances, not themselves colouring matters, by the action ot

oxygen and alkalis; and, secondly, such as are formed from other substances by

means either of ferments or strong acids, without the intervention of oxygen, lo _t le

first class belong the colouring matters of archil, litmus, and logwood
;

tliey yieltl

comparatively fugitive dyes, and are usually decomposed by allowing the very process

to which the^- owe their formation to continue. To the second class ^'^^^^S^^^^o-

blue indieo-red, and alizarine, bodies which show a remarkable degree ot stabi ity

for organifcompounds. More' extended research will probably
^l^^.^^'J-i^SlSv

colouring matters are formed either in one manner or the other, which P^^^Jl^g

afford us the means of arriving at a rational mode of classifying these bodies, and of

distinguishing them as a class from others.—E. S.

COIiT'S-FOOT. Sec TussiLAGO.
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COZiUMBIITM 01" Kiobiiim. A peculiar metal originally extracted from a rare

mineral brought Irom Haddam in Connecticut, and known as Columbite. This is a

columbate and tantalate of iron and manganese. Columbium also occurs, with

tantalium, in several rare Swedish minerals. The metal received its name from

Columbia (America). See NroBiUM.

COIi'O'MN'AIt COA:l. a name given to Anthbacite.

COIiZA is a variety of cabbage,—the Brassica olcracea,—whose seeds afford by

pressure an oil much employed in France and Eelgiimi for burning in lamps, and for

many other purposes. This plant requires a rich but light soil ; it does not succeed

upon either sandy or clay lands. The ground for it must be deeply ploughed and well

dunged. It should be sown in July, and be afterwards replanted in a richly manured

field. In October it is to be planted out in beds, 16 or 18 inches apart. Colza may
also be sowed in furrows 8 or 10 inches asunder.

Land which has been just cropped for wheat is that usually destined to colza ; it may
be fresb dunged with advantage. The harvest takes place in July, with a sickle, &

little before the seeds are completely ripe, lest they should drop off. As the seed is

productive of oil, however, only in proportion to its ripeness, the cut plants are allowed

to complete their maturation, by laying them in heaps imder airy sheds, or placing

them in a stack, and thatching it with straw.

The cabbage stalks are thrashed with flails ; the seeds are winnowed, sifted, and spread

out in the air to dry ; then packed away in sacks, in order to be subjected to the oil

mill at the beginning of winter. The oil-cake is a very agreeable food to cattle ; it

serves to fatten them, and is reckoned to defray the cost of the mill.

When proper manure was not applied, it was reported that colza impoverished

the soil very much, as do indeed, all the plants cultivated for the sake of their

oleaginous seeds. The same soil must not, therefore, be come back upon again for six

years, if fine crops be desired. The double ploughing which it requires effectually

cleans the ground.

Tlie colza or wild cabbage itself is a plant of sufficient interest to call special

attention to its properties. Besides yielding an oil which gives a brilliant light for

the lamps of lighthouses, its seed has other properties that should induce the plant
to be in favour with agriculturists, emigrants, and colonists. The recent accounts,
according to Du Bow, state 'it to be admirably adapted for cattle as food; that the
seeds after the oil is expressed yield a cake highly prized for fattening cattle, and as
manure.' ' There is a spring variety which will succeed in almost any part of the
United States, and will ultimately become an article of great importance.'
The real history of this valuable plant seems to be this :—The Abb6 de Commerell,

in a letter to Dr. Lettsom, dated from Paris at the Abbey of St. Victor, 1789, calls

especial attention to the colza which he had cultivated for some time in the neighbour-
hood of Paris, ' and last year imder the inspection of the Eoyal Society of Agriculture.
The severe winter just experienced, which had destroyed great abundance of turnips
and cold, had not done the least injury to my plants, which is a proof of resisting the
severest cold. ' The following description of the plant may lead to its adoption as sources
of oil and food. To induce this we may refer to the original communication,
now of course sufiiciently rare : it is entitled :

' Memoire sur la Culture, Vxisogc et les

avantagesdu Choux a fauchcr, par M. I'Abbe de Commerell, a Paris,' 1789. He states
ho found the plant in Germany, where it was only used for seed ; that there are three
distinct varieties, known by the colours of the ' nerves' of the leaves : violet, yellow,
and green. He gives preference to the violet, ' il est plus abondant, plus sapide, et
resiste mieux a I'impression du froid et a la rigueur des hivers.' He adds, that he
presents to the Eoyal Society (Agric. de Paris) the plants which had resisted the cold
of the preceding winter, 'the most rigorous of which mention is made in our annals.'

Again Commerell says :
' This plant is a kind of wild cabbage, that may be cut

four or six times in the year it is sown ; each cut is as plentiful as trefoil or
lucerne

; we leave it afterwards for the winter. About the month of February it
shoots up, and the leaves of it may be cut ; but in the month of April it begins to grow
up, send off stalks, and bears its seed, which may be gathered in June. The first year
this wild cabbage does not send stalks ; its leaves appear to rise out of the ground, and
thus it may be cut like grass ; it may also be dried for hay. Its leaves extend to 1 0, 1 2,
and 15 inches in length and 6 to 8 broad, which have not the bitter and herbaceous
taste of other cabbages. It is a pulse very agreeable for man during the whole year
and a fodder equally as good as plentiful for all kinds of cattle. The milk of cows
does not acquire a bad taste, nor do the cows get tired of it.

'This plant bears more and larger sized seed than hirnips or colo, and the oil which
I have extracted from it cold is very superior as food for man to that from mppv or
cole, and is equal to the common oil of olives, in the opinion of goodjudges I mve thename of the mowing cabbage to this plant. If you will make a trial of it ' he adds to
Dr. Lettsom, 'you will have every reason to be satisfied, for this cabbage yields ono
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Wlion CommoroU wrote tho trials

and America.

r.r'^l^r'''''^
to manufacturers, and others in remote localities, the valuable

piopcrties ot this plant and seed, as sources of oil, food, and manure, are commended.Jivon SIX crops a year are said to have been taken. Thus the bitterness of famine bytno lailure ot other crops might bo mitigated ; and as the oils of seeds are nowcomu&omy mixed together in commercial transactions, we have thought the useful-
ness ot this plant should be more generally known by references to those qualities
recorded on Its original cultivation.

Colza oil is now extensively used for burning in lamps andfor lubricating machinery.
XJie Oarcol, Moderator, and other lamps are contrived to give a continuous supply of
oil to the wick, and by a rapid draught of air brilliant combustion of the oil is main-
tained without smoke.

In the lighthouses of France and England it has been employed with satisfaction,
so as to replace tho use of sperm-oil ; the preference has been given on the grounds
of greater brilliancy, a steadier flame, the wick being less charred, and tho advantage
of economy in price.

The Corporation of tho Trinity House and the late Mr. Hume took great in-
terest in the question of the relative merits of colza, rape, and seed oils, as compared
with sperm-oil, and in 1845 referred the investigation of the power and qualities of the
light from this_ description of oil, to Professor Faraday. He reported 'that he was
much struck with the steadiness of the flame, burning 12 or 14 hours without being
touched ;

'
' taking above 100 experiments, the light came out as one and a half for

the seed-oil to one of the sperm ; the quantity of oil being used in the same propor-
tion; ' and he concludes by stating his ' confidence in the results.'
The advantages then were, less trouble, for the lamps with sperm had to be re-

trimmed, and the same lamp with seed-oil gave more light, and the cost then was as
35. 9d. per gallon seed-oil, against Gs. id. imperial gallon of sperm.

Those interested should consiilt returns, ordered by the House of Commons,—
'Lighthouses: on the ^notion of Mr. Hume, " On the substitution of Bape-seed oil for
Sperm-oil, and the saving accruing therefrom" nth Feb. 1855 : No. 75 : I2,ih March,
1857, 196 and 196 I.'

_
In the Supplementary Eeturns laid before the House of Commons by the Commis-

sioners of the Northern Lights, there is the following report of Alan Stevenson, Esq.,
their engineer :

—

' In the last annual report on the state of the lighthouses, I directed the attention
of the Board to the propriety of making trial, at several stations, of the patent culza
or rape-seed oil, as prepared by Messrs. Briggs and Garford, of Bishopsgate Street.

These trials have now been made during the months of January and February, at

three catoptric and three dioptric lights, and the results have from time to time been
made known to me by the light-keepers, according to instructions issued to them, as

occasion seemed to require. The substantial agreement of all the reports as to the

qualities of the oil renders it needless to enter into any details as to the slight vary-

ing circumstances of each case; and I have therefore great satisfaction in briefly

stating, as follows, the very favourable conclusion at which I have arrived :

—

' 1. The culza oil possesses the advantage of remaining fluid at temperatures which
thicken the spermaceti oil.

' 2. The culza oil burns both in the Fresnel lamp and the single argand bm-ner, vnxh.

a thick wick, during seventeen hours, without requiring any coaliug of the wick,

or any adjustment of the damper ; and the flame seems to be more steady and

free from flickering than that from spermaceti oil,

' 3. There seems (most probably owing to the greater steadiness of the flame)

to be less breakage of glass chimneys with the culza than with the spermaceti oil.'

The above flrm, who from thirty years' experience in the trade, were enabled to in-

duce the Trinity Corporation to give this oil a fair and extended trial, state that ' l^>r

manufacturing purposes it is equally useful ; it is admitted by practical men to be tho

best known oil for machinery
; equal to Gallipoli ; and technically it possesses more

'• body," though perfectly free from gummy matter.'

While sperm, Gallipoli, nut, or lard oils are rendered useless hy the slightest ex-

posure to frost, the colza oil will, with ordinary care, retain its fluidity' : tliis has been

acknowledged as a very important quality to railway and steam-boat companies.

It should bo here stated tliat tho terms rape-oils, sccd-oils, colza or culza, are all
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now blended together, and, however much this may be regretted, yet it does not seem

easy to keep distinctness in the general usages of oil, for the Customs returns class all

under one head,—Eapo Oil.
.

A number of British and colonial seed-bearing plants appear to bo now employed

for the sake of their oils, although on account of the mucilaginous matter contained

in many of the oils, they are far inferior to the colza which they are employed to

adulterate.—T. J. P.

Of the importance of the trade some estimate may bo formed by the following

entry.—The Importations of seed-oils were as follow :

—

Tons

In 1870 13,429 valued at £694,933

1871 10,461 „ 406,426

1872 19,931 „ 788,419

COMB. The name of an instrument which is employed to disentangle, and lay

parallel and smooth the hairs of man, horses, and other animals._ They are made of

thin plates, either plane or curved, of wood, horn, tortoise-shell, ivory, bone, or metal,

cut upon one or both sides or edges with a series of somewhat long teeth, not far

apart.

Two saws mounted on the same spindle are used in cutting the teeth of combs,

which may be considered as a species of grooving process ; one saw is in this case

larger in diameter than the other, and duts one tooth to its full depth, whilst the smaller

saw, separated by a washer as thick as the required teeth, cuts the succeeding tooth

part of the way down.

A few years back Messrs. Pow and Lyne invented an ingenious machine for sawing

boxwood or ivory combs. The plate of ivory or boxwood is fixed in a clamp sus-

pended on two pivots parallel with the saw spindle, which has only one saw. -By the

revolution of the handle a cam first depresses the ivory on the revolving saw, cuts one

notch, and quickly raises it again ; the handle, in completing its circuit, shifts the

slide that carries the suspended clamp to the right, by means of a screw and ratchet

movement. The teeth are cut with great exactness, and as quickly as the handle can

be turned
;
they vary from about thirty to eighty teeth in one inch, and such is the

delicacy of some of the saws, that even 100 teeth may be cut in one inch of ivory.

The saw runs through a cleft in a small piece of ivory, fixed vertically or radially to

the saw, to act as the ordinary stops, and prevent its flexure or displacement side-

ways. Two combs are usually laid one over the other and cut at once
;
occasionally

the machine has two saws, and cuts four combs at once.

In the manufacture of tortoise-shell combs, very much ingenuity is displayed in

soldering the back of a large comb to that piece which is formed into teeth. The two
parts are filed to correspond

;
they are surrounded by pieces of linen, and inserted

between metal moulds, connected at their extremities by metal screws and nuts ; the
inter\'-al between the halves of the moulds being occasionally curved to the sweep
required in the comb ; sometimes also the outer faces of the mould are curved to the
particular form of those combs in which the back is curled round, so as to form an
angle with the teeth. Thus arranged it is placed in boiling water. The joints when
properly made cannot be detected, either by the want of transj)arency or polish. Much
skill is employed in turning to economical account the flexibility of tortoise-shell in
its heated state : for example, the teeth of the larger descriptions of comb are parted,
or cut one out of the other with a thin frame saw ; then the shell, equal in size to two
combs with their teeth interlaced, is bent like an arch in the direction of the length of
the teeth. The shell is then flattened, the points are separated with a narrow chisel
or pricker, and the two combs are finished whilst fiat, with coarse single cut files, and
triangular scrapers ; and lastly, they are warmed, and bent on the knee over a wooden
mould by means of a strap passed round the foot, in the manner a shoemaker fixes a
shoe last. Smaller combs of horn and tortoise-shell are parted whilst fiat, by an
ingenious machine with two chisel-formed cutters, placed obliquely, so that every cut
produces one tooth, the repetition of which completes the formation of the comb.
Mr. Kogers's comb-cutting machine is described in the ' Transactions of the Society

of Arts,' vol. xlix., part 2, page 150. It has been since remodelled and improved by
Mr. Kelly. This is an example of slender chisel-like punches. The punch or chisel
is in two parts, slightly inclined and curved at the ends to agree in form with the out-
line of one tooth of the comb, the cutter is attached to the end of a jointed arm
moved up and down by a crank, so as to penetrate almost through the mat irial and
the uncut portion is so very thin that it splits through at each stroke and L aves the
two combs detached.

The comb-makers' double saw is called a ' stadda,' and has two blades contrived so
as to .give with great facility and exactness the inton-als between the teeth of combs
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having from forty to forty-fivo toetli to tho inch. Tho
The saw is

much wider,

, f inch of its

c!
-

i.1 11-,, .
— ....v., further progress.

bomotimos tho hkido haa toctli on Loth edges, and is fixed between two parallel slips
ot steel connected beyond the ends of tho saw blade by two small thumb-screws.
Attor tho tooth of combs arc cut they are smoothed and polished with files, and by
rubbing thorn with pumice-stone and tripoli.—Holizapffel.
coiyxBin-zivG irvniBExts akh chemicaXi coMBzwATzoxr.—

Constancy of composition is one of tho most essential characters of chemical com-
pounds

;
by which is meant that any particular body, under whatever circumstances

it may have been produced, consists invariably of tho same elements in identi-
cally tho same proportion ; tho converse of this is not, however, necessarily true,
tliat tho same elements in tho samo proportion always produce the same body. See
ISOMEKISM.
But not only is there a fixity in the proportion of the constituents of a compound

;

but also, if any one of the elements be taken, it is found to unite with the other
elements in a proportion which is either invariable, or changes only by some very
simple multiple.

The nimibers expressing the combining proportions of the elements are only relative.
In England it is usual to take hydrogen as the starting-point, and to call that number
the combining number of any other element which expresses the proportion in which
it unites with one part by weight of hydrogen : and these numbers are now likewise
adopted on the Continent, although in France the combining numbers are sometimes
referred to oxygen, which is taken as 100. It is obvious that, whichever system is

used, the numbers have the same value relatively to each other.

These combining numbers would have but little value if they expressed nothing
more than the proportion in which the elements combine with that body arbitrarily

fixed as the standard ; but they also represent the proportions in which they unite
among themselves, in the event of union taking place. Thus, not only do 8 parts of
oxygen unite with one of hydrogen, but also 8 parts of oxygen unite with 39 of
potassium, 23 of sodium, 100 of mercury, 108 of silver, &c. It is in virtue of this law
tliat the combining proportions of many of the elements have been ascertained. Some
of them do not combine with hydrogen at all, and in such cases the quantity which
unites with 8 parts of oxygen, or 16 of sulphur, &c., has to be ascertained. See
Atomic Weights; Equivalents.—H.M.W.
COMBtrSTZBIiE. (Eng. and Fr.

;
Brennstoff, Ger.) Any substance which,

exposed in the air to a certain temperature, consumes with the emission of heat

and light. All such combustibles as are cheap enough for common use go under the

name of Fuel. Every combustible requires a peculiar pitch of temperature to be

kindled, called its accendible point. Thus phospliorus, sulphur, hydrogen, carburetted

hydrogen, carbon, each takes fire at successively higher heats. See Fxame ; Fuel.
COMBUSTION'. (Eng. and Fr.; Verbrennung, Ger.) The phenomena of the

development of light and heat from any body, as from charcoal combining Avith the

oxygen of the air, from phosphorus combining with iodine, and from some of the

metals combining with chlorine. Combustion may be exerted with very various

degrees of energy. We have a low combustion often established in masses of vegetable

matter ; as in haystacks, or in heaps of damp sawdust. In these cases, the changes

going on are the same in character, only varying in degree, as those presented by an

ordinary fire, or by a burning taper—oxygen is combining with carbon to form carbonic

acid. The heat thus produced (the process has been termed by Liebig Eremacausis),

increasing in force, gives rise eventually to visible combustion.

Cases of spontaneous combustion are by no means uncommon. Some years since,

the editor investigated the conditions under which H. M. ships the ' Imogen ' and
' Talavera ' were burnt in Dovonport Dockyard, and he was enabled to trace the fire

to a large bin, in which there had been allowed to accumulate a mass of oiled oakum,

pieces of old flannel covered with anti-attrition, sawdust, shavings, and the sweepings

of the painters', wheelwrights', and some other shops.
, .

Tho subject of combustion belongs to Watts's ' Dictionary of Chemistry,' where it is

fully treated. See Spontaneous Combustion.

CONCRBTE. The name given by architects to a compact mass of pebbles,

sand, and lime, cemented together in order to form the foundation of^buildings.

Scmplo says that the best proportions are 80 parts of pebbles, each about 7_or 8 ozs.

in weight, 40 parts sharp river sand, and 10 of lime; the last is to bo ftiix^ with

water to a thinnish consistence, and grouted in. It has been found that Thames

ballast, as taken from th© bed of tho river, consists of nearly 2 parts of pebbles to 1 of
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over at least twice Avith shovels, or oftoner ; then put into barrows, and wheeled away

for use instantly It is generally found advisable to employ two sets of men to perform

this operation, -(rith three sets in each set, and they repeating the process, turn over

the concrete to the barrow-men. After being put into the .barrows, it should bo at

once wheeled up planks so raised as to give it a fall of some yards, and throAvn into

the foundation, by which means the particles are driven closer together, and greater

sohdity is given to the whole mass. Soon after being thrown in, the mixture is ob-

served usually to be in commotion, and much heat is evolved, with a copious emission

of vapour The barrow-load of concrete in the fall spreading over the ground ^vill

form generally a stratum of from 7 to 9 inches thick, which should be allowed to set

before throvring in a second.

Another method of making concrete, is first to cover the foundation with a certain

quantity of water, and then to tlurow in the dry mixture of ballast and lime. It is

next turned and levelled with shovels ; after which more water is pumped m and the.

operation is repeated. The former method is undoubtedly preferable. In some cases

it has been foimd necessary to mix the ingredients in a pug-mill, as m mixing clay,

&c., for bricks. For the preparation of a concrete foundation, as the hardening should

be "rapid, no more water should be used than is absolutely necessary to efiect a perfect

mixture of the ingredients. Hot water accelerates the induration. There is about

one-fifth contraction in volume in the concrete, in reference to the bulk of its ingre-

dients. To form a cubical yard of concrete, about 30 ft. cube of ballast and 3^ ft. cube

of ground lime must be employed, with a sufficient quantity of water.

Several other methods have been adopted by builders and engineers : these, however,

involve the same principles and general condition ; a detail of them is, therefore, un-

necessary in this work. The reader desiring information is referred to works espe-

cially devoted to engineering and building. See Htdr&umc Lime.

CONDT'S BISHaTECTIMTG- SOKUTIOIT. A solution of an alkaline man-

ganate, or permanganate. See Manganates and Disinfectants.

COITFECTXON'EIIY. See Sweetmeats.

COXTGEIiATZOM'. (Eng. and Fr.; Gefrierung, Gev.) The act of freezing liquids.

The processes employed are chiefiy chemical, but some are mechanical. These will have

further attention under the heads Feeezing Mixtttees, Ice, and Ice MANUFACTxruE.

COirXCHAIiCITE. An arsenate and phosphate of copper found in Andalusia.

CONZFEK^:. The natural order of cone-bearing plants, including some of the

most important trees, such as all kinds of fir, cedar, juniper, pine, cj'press, &c.

COXrillO'E. C'H'^N (C'H'^Wr). A volatile base found in hemlock {Conium

maculatum). It is supposed to be the cause of the poisonous properties of that plant.

COlVXIVXAi A fragrant resin used for making pastiles. It is extracted from the

Hyawa, or incense tree, which grows in British Guiana.

COZriTTM. Coniiim maculatiom. Spotted Hemlock. The celebrated Athenian

state poison by which Socrates and Phocion died.

COORONGITE. Under this name a peculiar substance has recently been

imported from South Australia. It resembles caoutchouc in many of its physical

properties, and has been called by some authorities mineral caoutchouc or Elaterite ;

it seems, however, to be essentially different from that substance, and is probably a

product of vegetable origin. It is found in thin layers spread over tlie surface of the

ground in a sandy plain in the district known as the Coorong, in South Australia.

Coorongite is a dark brown elastic substance, which exhibits under the microscope

a cellular structure interwoven with fibres. It does not vulcanize with sulphur. By
destructive distillation it evolves gaseous products ; and oils and acetic acid may be
obtained by condensation. According to an examination in the Colony, by Mr.
G. Francis, it is capable of being resolved into two substances: (1) a soft, semi-fluid

balsam, of an olive-green colour, insoluble in water, mineral acids, absolute alcohol,

and wood-naphtha, but soluble in ether, chloroform, benzole, turpentine, and essen-

tial oils; (2) a tough, pulverulent, elastic substance, combustible, but insoluble in any
of the aboA'C-named menstrua. The specific gravity of Coorongite is 0'98 or 0-99.

An analysis by Dr. Bernays yielded :

Volatile matter 97"190
Fixed carbon 1-005

Ash 1-790

99-985



COPPER

Carbon
Hydrogen
Moisture
Ash
Fixed carbon
Oxygon, .and other substances uncstimatcd

6'l-7300

11-6300
0-4682
1-7900
1-0050

20-3768

100-0000

^"^T*'*- Vessels of porous unglazed earthenware, in whicn aliquid can be kept cool by constantly exuding through the substance of the ware andevaporating from the outer surface of the vessel. Such coolers, of great use in hot
climates, are often known by their Spanish name Alcarrazas
COOX,IN-G nxriDS. See Kisfrigeratohy.
COPAIBA, BAI.SAIM; OP. This oleo-resin is imported from Peru, and is the

produce of several species of Copaifem.

^ "^^^^^ exudes spontaneously from two trees, the Bhus copallinum,
nndUxeElcBocarptcs copaliferus, the first of which grows in America, and the second in
the Last Indies. A third species is said to grow on the banks of some rivers in, and
near the coasts of, Guinea.
Much information has been received of late years from various sources concerning

this somewhat ill-understood product. It is now known that there are three
different kinds of copal in commerce, but little is known of their distinguishing
characteristics. We have East Indian and West Indian copal, and, under the latter
name, two very different substances. The East Indian, called also African, is more
colourless, soft, and transparent, than the others ; it forms a fine surface, and when
heated enuts an agreeable odour. It furnishes the finest varnish ; fresh essence of
tiirpentine dissolves it completely, but not old. Essence digested upon sulphur will
dissolve double its own weight, without letting any fall. Fresh-rectified oil of rose-
mary will dissolve it in any proportion, but if the oil is thickened by age it serves
only to swell the copal.

When cautiously melted, it may be then dissolved in good essence of turpentine in
any proportion, producing a fine varnish of little colour.
A good varnish may be made by dissolving 1 part of copal, 1 of essence of rose-

mary, with from 2 to 3 of pure alcohol. This varnish should be applied hot, and when
cold, becomes very hard and durable.
The West Indian species, or American, comes to us not in lumps of a globular form,

but in small flat fragments, which are hard, rough, and without taste or smell. It is
usually yellow, and never colourless like the other. Insects are very rarely found in
it. It comes from the Antilles, Mexico, and North America. It will not dissolve in
essence of rosemary.
The third kind of copal, known also as West Indian, was formerly sold as a product

of the East Indies. It is found in fragments of a concavo-convex form, the outer
covering of which appears to have been removed. It contains many insects. When
rubbed it emits an aromatic odour. It gives out much ethereous and empyreumatic
oil when melted. It forms a soft varnish, which dries slowly.

Fusel-oil, or amyl spirit, has been lately used as a solvent of the hard copal ; but
it does not dry into a very solid varnish.

It is now believed that the East Indian copal is the produce of Hymencea Courbaril,

and perhaps also of H. verrucosa. It is probable that the Brazilian copal is yielded

by several species of the same genus, and by Trachylohium martianum. The African
copals are supposed to be the produce of certain species of HymcncBa and of the

Guibourtia cojpallifera.

COPEY. The wood of the Clusia rosea used for dyeing.

COPPER. {Symbol, GvL. ; Atomicweight, ZVT.) One of the metals most anciently

known. It was named from tho island of Cyprus, where it was extensively mined and

smelted by the Greeks. It has a reddish-brown colour inclining to yellow ; a faint

but nauseous and disagreeable taste ; and wlien rubbed between the fingers imparts

a smell somewhat analogous to its taste. Its specific gravity is from S'S to 8-9. It

is much more malleable than it is ductile ; so that far finer leaves may be obt^iined

from it than -wire. It is said to melt at 1,996° F., and at a liighor temperature it

evaporates in fumes which tinge flame of a bluish green. By exposure to heat with

access of air, it is rapidly converted into black scales of protoxide. In tenacity

it yields to iron ; but considerably surpasses gold, silver, and platinum, in this

respect.
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Puro copper may be obtained in the solid state either by the reduction of the pure

oxide by a stream of hydi-ogon gas passed over it in an ignited tube, or by the elec-

trotype process. See Electko-metajllueoy.

Okes of Copper.—Copper ores do not possess any one general physical character by

which they may bo recognised ; but they are readily distinguished by chemical reagents.

Ammonia digested upon any of the cupreous ores in a pulverised state, after they have

been calcined either alone or with nitre, assumes an intense blue colour, indicative of

copper. Te-vv copper ores are to be met with which do not betray the presence of this

metiil by more or less of a greenish film.

The following are the principal minerals which contain copper :

—

Native or Virgin Copper {Cuivre natif, Fr.
;
Gediegen Kupfer, Ger.) This metal

commonly occiu-s in dendritic and arborescent masses, or is indistinctly crystallised in

complex and distorted forms of the cubic system. It is a_ frequent associate of the

ordinary ores of copper, and appears to have been formed in most cases by reduction

from some of these ores. Native copper is found not only in copper-bearing veins,

but in the fissures and cavities of certain trappean rocks, in deposits in serpentine,

and occasionally in sandstones and conglomerate. The native metal is not uncommon

in some of the Cornish copper-mines, and is found abundantly in certain copper-

bearing deposits in Siberia, Chili, Bolivia, and South Australia. But the most im-

portant occiu'rence of native copper yet recorded is that at Keewenaw Point, Lake

Superior, where certain amygdaloidal trap-rocks hold large quantities of copper, in

association with calcito and* zeolitic minerals. The native copper of Lake_ Superior

also occurs as the cementing materials of a conglomerate, and in a finely-divided form

disseminated through sandstone. Some of this copper is remarkable for containing

silver, which appears in distinct masses sharply separated from the copper in which

it is embedded, the two metals not having formed an alloy. Masses of native copper

have been found at Lake Superior, weighing upwards of 400 tons.

Copper Glance, Vitreous Copper Ore, Chalcocite, Bedruthite, or Disulphide of Co'pper,

{Cuivre vitreux, Fr. ;
Kupfcrglanz, Ger.). This mineral, which forms a most valuable

ore, occurs both crystallised and massive. Some of the composite crystals from St.

Just, in Cornwall, are known, from their form, as nail-head copper ore. The fi-acture

of copper-glance is conchoidal ; surface sometimes dull
;
colour, iron-black or lead-

grey, often bluish, iridescent, or reddish from a mixture of oxide. It is easily melted

even by the heat of a candle ; but is more difficult of reduction than protoxide. This

ore yields to the knife, assuming a metallic lustre when cut. Its density varies from
•i'8 to 5*34. Copper-glance is a disulphide (cuprous sidphide), containing when puro

Cu^S, corresponding to 79'8 per cent, of copper and 20"2 of sulphur; but as found in

nature it generally contains more or less iron. This is, therefore, one of the richest

ores, and forms very important veins. It is to be found in all considerable copper
districts ; in Siberia, Saxony, Sweden, and especially Cornwall, where the finest

crystals occur.

Copper Pyrites, Chalcopyrite, Towanite, or Yellow Copper Ore,
(
Cuivre pyriteux, Fr.

;

KupferMes, Ger.). This is the common ore of copper in Cornwall and many other
copper-mining districts. It resembles in its metallic yellow hue bisulphide of iron
(iron pyrites) ; but the latter is paler, harder, and strikes fire easily with steel.

Copper pyrites sometimes presents the most lively rainbow colours, and is then known,
from this iridescence, as Peacock ore. Its specific gravity is 4-3.

Copper pyrites is a double sulphide of copper and iron, containing theoretically 34-5

per cent, of copper, 30-5 of iron, and 35 of sulphur, corresponding to the formula
Cu-S,Fe2S', or, as sometimes expressed, CuS,FeS. Copper pyrites occurs in vast
masses and extended veins, in primitive and transition districts ; and is commonly
accompanied with grey copper, iron pyrites, sparry iron, galena, and zinc blende.

Bomite, Erubescite, Phillipsite, Purple Copper Ore, Variegated Ore, or Horse-fiesh
Ore, {Cuivre panache, Fr. ; Buntlcupfererz, Ger.). A double sulphide of copper and
iron. A Cornish specimen, analysed by Plattner, yielded—copper, 66-76

; iron,
14-84

;
sulphur, 28-24. Tlie composition of the crystallised mineral appears to be

reducible to the formula SCu^S.Fe'^S'. The ore usually occiu-s massive, presenting a
colour between copper-red and pinchbeck-brown, but often obscxired by a purple
tarnish. Its specific gravity varies from 4-4 to 5-5. Horse-flesh ore is abundant in
some of the copper-mines of Chili and Canada. It is also found in Cornwall and in
Ireland. It occurs with serpentine at Monte Catini in Tuscany, and forms thin
seams in the copper-slates of Mansfeld in Prussia.

FaU Ore, Tetrahcdrite, or Grey Copper Ore, {Fahlers, Ger.). An ore of variable
composition, generally containing between 30 and 40 per cent, of co]pper. It is
essentially an antimonio-sulphide or arsenio-sulphide of copper, but the copper may
be partially replaced by iron, zinc, silver, or mcrciu-y. Fahlerz is a steel-grey mineral
with a metallic lustre, and frequently assumes well-defined tetrahcdral forms The
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TvlrvS'IS • ^^''''^'^ '^^^^'^ tl'*^" JtH copper. It

Te7inantUe. An nrsonio-sulphide of copper aiul iron. cloHoly allied to Fuhlera Itwas formerly obtained crystallised in rhombic dodecahedra, from Wheal Jewe l inGwennap, and from some other Cornish mines. This species is rare.
'

/I. w r> 7 /-i • 7 ^ ' J- species js rare.
(7«^>n^, i?6'rf 0«rfe r>/ Copper, Ruby Copper Ova, or Suh-oxidc of Copper, (Cuivreox duU i-r.

;
Eotnkup^er^ G,,.). This mineral frequently occurs in fine octlhXand cubic crystals, associated with other ores in the shallow workings of copper-mines

its colour IS a deep rod sometimes very bright, especially when bruised. It is friable'
ciimcult ot tusion at the blowpipe, retluciblo on burning charcoal, soluble with efTor-
yoscenco m nitric acid, forming a green liquid, and also soluble in ammonia. Cuprite
IS a sub-oxido of copper (cuprous oxide), Cu'iO, containing, when pure, copper 88-8
and oxygon 11-2. The impure compact varieties, associated with much iron ochre'
have been called tile-ore, whilst certain delicate capillary varieties are known as rduish
copper ore or chalcoirichite.

Melaconite, or Black Oxide of Copper, {Cuivre oxide, Fr.
; Kupfcrschw'drzc, Ger.).

The native protoxide of copper (cupric oxide), CuO, generally occurs as a black oartliy
or pulverulent incrustation on other copper ores, from which it has been produced by
decomposition.

Malachite or Green Carbonate of Copper. This mineral is found in most deposits
of copper ore, especially in the upper parts where atmospheric influences have been
active. It is a hydrous carbonate of copper, corresponding, when pure, with the for-
mula, 2CuO,CO- + HO (ZCuCO^ -t- H^O) : this requires 71-9 per cent, of protoxide of
copper, 19-9 of carbonic acid, and 8'2 of water. Malachite is found earthy, compact,
stalactitic, or mammillated. The finest examples, sometimes polished as ornamental
stones, come from Siberia, and from Burra Burra in South Australia.

Azuriie, Chessylite, Blue Malachite, or Blue Carbonate of Copper. A hydrous car-
bonate of copper containing in its purest forms 2(Cub.C0-) + CuO.HO (2CuCO='
+ CuH-O^) ; which corresponds to protoxide of copper 69-2, carbonic acid 25-6, and
water 5*2. Azurite thus differs from malachite in chemical composition and in colour;
it is also more prone to crystallise, and magnificent specimens were formerly obtained
from the copper-mines of Chessy, near Lyons.

Chrysocolla. This mineral, which is a hydrous silicate of copper of variable com-
position, somewhat resembles carbonate of copper, and commonly occiU'S as a green,
bluish-green, or turquoise-blue incrustation on other copper ores. A black resinous
variety, impure by the presence of much iron, is generally known as pitch copper
ere.

Bioptase or Emerald Copper. A beautiful but rare silicate of copper occm-ring in
emerald-green crystals, composed of CuO.SiO- + HO (CuSiO^ + H-O). It is found in
the Kirgheso Steppes and in Chili, but cannot be called an ore of copper.

Atacamite. An oxychloride of copper containing CuCl-i-3 (CuO.HO) or CuCl-
-fSCuH^O'-'. This corresponds to copper 15, chlorine 16, protoxide of copper 56,

and water 12. It occurs in fine rhombic crystals of a greenish black colour, and is

worked as an ore at the Wallaroo and other copper-mines on Yorke Peninsula,

South Australia. It is also found in the form of a green sand in the Desert of

Atacama.
Phosphates of Copper. Several copper-bearing minerals containing phosphoric acid,

with or vdthout its isomorph arsenic acid, are known to the mineralogist, but none of

them occur in sufficient abundance to be used as ores. Libethenite is a hydrous

phosphate, occurring in rhombic crystals at Libethen in Hungary ; and Ehlite is a

similar mineral from Ehl in Nassau.

Arsenates of Copper. A large number of these compounds are known, but are only

of mineralogical interest. Among these are the species named olivenite, euchroite,

tagilite, tyrolite, liroconite, cornwallite, and chalcophyllite or copper-mica.

Chalcanthite. Cyanosite, Blue Vitriol, or Sulphate of Copper. A mineral similar to

the artificial salt of the laboratory. The blue water which flows from certain copper-

mines is a solution of this salt. The copper is easily procured in the metallic state

by plunging into it pieces of iron.

It should be remarked that many of the minerals noticed above are not available as

ores of copper. Dr. Scherer, of Freiberg, has arranged the principal ores of copper as

follow :

—

Copper in 100

1. Copper Glance, Cu^S 797
2. Copper pyrites, Cu-S, Fe^S^ 34-8

3. Buntkupfcrcrz, SCu^S, Fe^S' 557
4. Fahlerz, 4(Cu^S, FcS, ZnS, AgS) (SbS^AsS") . .

14—41
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Copper iu 100

5. Red oxido of copper, Cu-0 88-5

6. Malachite. 2CuO,CO- + HO 67-4

7. Azxirite, 2(CuO,CO-) + CuO.HO 65'3

Wo shall here give a brief account of tho copper slates of Mansfeld, in Prussia,

and of the copper veins of Corn-wall.

Copper-slate {Kupferschiefer) of Mansfeld, in Prussian Saxony. The Kupferschiefer

is a dark coloui-ed bituminous schist, impregnated with copper ore, occurring with

singular persistence over a large area on the south-east of the Hartz. Its geological

position is in the Permian formation, below the Zechstein, or Magnesian limestone,

and above the red sandstones and conglomerates known as the Rothtodtliegende

;

indeed, the latter name (' red dead strata') has reference to tho fact that the ores in tho

overlying schist die away on approaching these beds. The actual floor of the cupreous

schist is formed by a thin bed of white sandstone, known as the Weissliegcndes, tho

upper part of which is slightly cupriferous, and is smelted under the name of Sanders.

Upon this sandstone rest the true copper-bearing schists, forming three or four thin

beds, «'ith an aggregate thickness rarely exceeding two feet, and sometimes not

attaining more than half this thickness. The schists are highly fossiliferous, and are

especially rich in remains of ganoid fish belonging to the genera PalcBoniscus and
Platysomus. Towards their upper j)art, the schists become calcareous, and are some-

times known as the Noberge. The beds of cupreous schists, or copper-slate, are tlirown

into a synclinal form, and are chiefly worked near 'their basset; the intrusion of

masses of melaphyre has divided the deposit into three separate areas : those of

Eisleben, Sangerhausen, and Prankenhausen. The schist is richest in the neighbour-

hood of faults, and the thinner beds are said to hold more copper than the thicker

deposits. Only a few inches—not generally more than five—are worth working.

The ore is disseminated in the form of copper pyrites, copper-glance, and purple-ore.

The schist contains from I'S to 37 per cent, of copper, and this copper always con-

tains traces of silver, 1 cwt. of copper holding from O'o3 to 0'58 lb. of silver.

Although the German copper-slate is thus a very poor ore, yet by an admirable
organisation of the mines and smelting-works both the copper and silver are profitably

extracted, and a large population entirely supported by this industry. The copper-
mines of Mansfeld have been worked since the close of the twelfth century ; Martin
Luther's father was a miner in this district. The metallurgical treatment of the
copper-slate will be described below.

Cornish Copper Veins.—The deposits of copper in Cornwall occur as veins in
granite, or in the schistose rocks which surround and cover it ; and hence, the Cornish
miners work mostly in the granite and clay-slate ; the former of which, when metalli-
ferous, is usually in a coarse and often a disintegrated state ; this they call growan,
the latter Jdllas.

Copper veins are abundant in Idllas and more rare in granite ; but most numerous
near the line of junction of the two rocks. The different kinds of copper veins in
Cornwall may be classed as follow :

—

1. Copper veins, generally running east and west.

2. Second system of copper veins, or contra lodes.

3. Crossing veins ; cross-courses.

4. Clay veins, called Cross-FlooJcans or Slides.

The width of these veins does not often exceed 6 feet, though occasional enlarge-
ments to the extent of 12 or more feet sometimes take place. Their length is unknown,
but one explored in the United Mines has been traced over an extent of seven miles.
The gangue of these veins is generally quartz, either piu-e, or mixed with green
particles analogous to chlorite. They contain iron pyrites, blende, sulphide, and several
other compounds of copper, such as the carbonate, phosphate, arsenate, chloride, &c.
The most part of the copper lodes are accompanied by small argillaceous veins, called
by the miners floolcans of the lode. These are often found on both sides of tho vein,
so as to form cheeks or walls.

'

When two_ veins intersect each other, the direction of the one thrown out becomes
an object of interest to the miner. In Saxony it is regarded as a general fact, that the
rejected portion is always on the side of the obtuse angle ; this also holds generally in
Cornwall, and the more obtuse the angle of incidence, the more considerable the heave
The great copper vein of Carharack, in the parish of Gwennap, is an instructive ex-
ample of intersection. The width of this vein is 8 feet ; it runs nearly from east to
west, and dips towards the north at an inclination of 2 feet in a fathom. Its upper
part is in the killas, its lower in granite. This vein has suffered two intersections •

the first results from encountering the vein called Steven's flookan, which runs from
north-east to south-west, throwing it out several fathoms. The second has been caused
by another vein, almost at right angles to the first, and which has heaved it 20 fathoms
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to tho right I ho throw of tlio vein occurs, Uioroforo, in ono case to tho right, andintho other to tho loft

;
but in both instancos, it is to tho side of tho obtuse angle. ThU

disposition IS very singular
;
for ouo portion of tho vein appears to liavc ascended. wl,iloanother has sunk. See EAui/rs.

""uu

The copper-niinos of tho isle of Anglosoa, those of North Wales, of Westmoreland,
tho ac iacont parts of Lancasliiro and Cumborland, of tlie soutli-west of Scotland, of
the Isle of Man, and of tho south-east of Ireland, also occur in primitive or transition
roclcs. Iho ores ho sometimes in masses, but more frequently in veins. The mine
ot iLcton, in Stalfordshiro, and that of Cross-gill-burn. near Alston-moor, in Cumber-
land, occur in carboniferous or mountain limestone.
Tho copper ores extracted both from tho granitic and schistose localities, as well as

from tho calcareous, aro uniformly copper i^yritos moro or less mixed with mundic

;

tlio red oxide, carbonate, aresonato, phosphate, and chloride of copper, are very rare in
these districts.

Tho working of coppor-minos in the islo of Anglesea may bo traced to a very
remote era. It appears that tho Eomans were acquainted with the Amlwch mine near
Holyhead. Mr. Thomas F. Evans has been so fortunate as to obtain and preserve
throe copper cakes found at Bryndu, Amlwcli, which aro evidently of lloman origin.
Tho copper-mines in Parys Mountain were not worked with activity until the year
1779_. In 1784 those mines produced 3,000 tons of copper annually. Ihis deposit
lies in a gi-eenish clay slate, passing into talc slate ; a rock associated -with ser-
pentine and euphotide. Tho veins of copper are from one to two yards thick ; and
converge towards a point where their union forms a considerable mass of ore. On
this the mine was first commenced by an open excavation, which is now upwards of
300 feet deep, and appears from above like a vast funnel. Galleries are formed at
different levels upon the flanks of tho excavation to follow the several smaller veins,
which run in all directions, and diverge from a common centre like so many radii.
The ore receives in these galleries a kind of sorting, and is raised by means of hand
windlasses to tho summit of a hill, where it is cleaned by breaking and jigging.
The water is so scanty in this mine that it is pumped up by a small steam-

engine. A great proportion of it is charged vtdth sulphate of copper. It is con-
veyed into reservoirs containing pieces of old iron ; the sidphate is thus decomposed
and metallic copper obtained by cementation. The Anglesea ore is poor, yielding only
from 2 to 3 per cent, of copper ; a portion of its sulphur is collected in roasting the ore.

The copper-mines of these islands, now so important, were so little worked until a
recent period that in 1799 we are told in a Eeport on the Cornish mines, ' it was not
until the beginning of the last century that copper was discovered in Britain.' This
is not correct, for in 1250 a copper-mine was worked near Keswick, in Cumberland,
Edward III, granted an indenture to John Ballanter and Walter Bolbolter, for work-
ing all ' mines of gold, silver, and copper

;

' but that the quantity found was very
small is proved from tho fact that Acts of Parliament were passed in the reigns of
Henry VIII. and Edward VI. to prevent the exportation of brass and copper, ' lest

there should not be metal enough left in the kingdom, fit for making guns and other

engines of war, and for household utensils :
' and in 1665 the calamine works were

encouraged by tho Government, as 'the continuing these works in England will

occasion plenty of rough copper to be brought in.'

At tlio end of the seventeenth century, some ' gentlemen from Bristol made it their

business to inspect the Cornish mines, and bought the copper ore for 21, 10s. per ton,

and scarce ever more than Al. a ton.'

In 1700, one Mr. John Costor introduced an hydraulic engine into Cornwall, by
which he succeeded in draining the mines, and ' he taught the people of Cornwall also

a better way of assaying and dressing the ore.'

The value and importance of copper-mines since that period regularly increased,

until within the last few years. There has been of late a steady decline in the pro-

duce of our copper-mines, and a falling off in the per-centage of metal in the ore.

Mechanical Preparation of tlie Copper Ores in Cornwall.—The ore receives a first

sorting, the object of which is to separate all the pieces larger than a walnut ; after

which the whole is sorted into lots, according to their relative richness. The fragments

of poor ore are sometimes pounded in stamps, so that the metallic portions may
be separated by washing.

The rich oro is broken into small bits, either with a flat beater, or by means of a

crushing-mill. The ore to be broken by the bucking iron is placed upon plates of

cast iron ; each about 16 inches square and 1 J inch thick. These plates aro set

towards the edge of a small mound about a yard high, constructed with dry stones

rammed with earth. The upper surface of this mound is a little inclined- from

behind forwards. The work is performed by women, each furnished with a bucking-

iron : the oro is placed in front of them beyond the plates ;
they break it, and strew
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it at their feet, whonco it is removed and disposed of as may be subsequently re-
quired.

The crushing-mill has of late years been brought to a great degree of perfection,
and is almost imiversally made use of for pulverising certain descriptions of ore. For
an account of this apparatus, see GrtiNDiNG and Crushing Appaeatus.

Stamping-mills are less frequently employed than crushers for the reduction of
copper ores. At the Devon Great Consols Mines, the concentration of the crushed
copper ores is effected in the following manner :—From the crushing-mill the stuff
is carried by a stream of water into a series of revolving separating sieves, where it is
divided into fragments of ith inch, ^th inch, and ^^^th inch diameter, 'besides the
coarser particles which escape at the lower end of the sieves. The slimes flow over
a small water-wheel called a separator, in the buckets of which the coarser portions
settle, and are from thence washed out by means of jets of water into a round buddle,
whilst the finer particles are retained in suspension, and are carried off into a series
of slime-pits, where they are allowed to settle.

The work produced by the round buddle is of three sorts ; that nearest the circum-
ference is the least charged with iron pyrites, or any other heavy material, but still
contains a certain portion of ore; this is again huddled, when a portion of its tail is
tlirown away, and after submitting the remainder to a huddling operation, and sepa-
rating the waste, it is jigged in a fine sieve, and rendered merchantable.
The other portions of the first buddle are rebuddled, and after separating the waste,

the orey matters are introduced into sizing cisterns, from which the finer particles are
made to flow over into a buddle, from whence a considerable portion goes directly to
market. That which requires further manipulation is again huddled until thoroughly
cleansed. The coarser portions of the stuff introduced into the sizing cisterns pass
downward with a current of water into the tye, and after repeated projections against
the stream, the orey matter is separated, leaving a residue of mundie in a nearly
pure state.

_
The stuff falling' from the lower extremities of the separating sieves is received

into bins and Subsequently cleansed; each of the three sizes is jigged, and in propor-
tion as the worthless matters are separated, they are scraped off and removed. Those
portions of the stuff that require further treatment are taken from the sieves washed
down from behind the hutches, and treated by tybs, until all the valuable portions
nave been extracted;

In this way vein-stuff that originally contained but li per cent, of copper is so con-
centrated as to afford a metallic yield of 10 per cent., whilst by means of sizing-sieves
dressing-wheels, jigging-machines, and round-buddies, &c., from 40 to 50 tons of stuff-
are elaborated per day of 9 hours, at a cost of 12s. per ton of dressed ore.

Captain Eichards, the agent of these mines, has also introduced considerable im-
provements in the slime-dressing department. The proper sizing of slime is as ne-
cessary as in the case of rougher work, and in order to effect this, he has arranged a
slime-pit, which answers this purpose exceedingly well. This pit has the form of an
inverted cone, and receives the slimes from the slime-separator, in an equally-divided
stream The surface of this apparatus being perfectly level, and the water passingthrough It at a veiy slow rate, all the valuable matters are deposited at the bottom!If slime be valuable in the mass, it can evidently be more economically treated by a

f^'fif,' ''^
^-n" ^ stream of water, acting onW ""f

this kind, will necessanly carry off an undue proportion of the former infreeing the latter from the waste with which it is contaminatedV

hJZ. t'^"^
slime-pit IS of a rectangular form, with vertical sides, and flat

nt^;. A T ? ^°™ and leaves it atthe other A strong central current is thus produced through the pit, which not onlycarries with it a portion of valuable slime, but also produces eddie Td creates cui^rents towards the edges of the pit, and thus retains liatters which should have beenrejected.
.
The slime-pits at Devon Consols are connected with sets of BJunton'smachines which are thus kept regularly supplied by means of a launder from the

Slc^s^w ''^^''^ ''^^''^ «fa^l"g-

A waggon cistern is placed under each frame for receiving the work which isremoved when necessary, and placed in a packing-kieve. This is racked hvmf
chinery, set in motion by a small water-wheel. ^The waste LsulSng from t^soperation is either entirely rejected, or partially reworked on Brunton's machines

t:^:^^^:ri^T:is^sl
'^^^^ ^

.sen^Si^^^^^^^^^^
^^^^^ -PP-- -hich it produces is

mCopper-Smltinff
: Furnaces.-The^nvmoes employed aye of the reyerberatory
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construction; tlioy vary in thoir dimonsions and in the number of their openings

according to the operations for which thoy are intended. There are five of them:— 1.

Tho calcining furnace, or caleiner ; 2. The molting furnace ; 3. The roasting furnace,

or roaster; 4. Tho refining furnace ; 5. Tho heating or igniting furnace.

1. The Calclnivg Furnace rests upon a vault, c, into which tho ore is raked down

after being calcinod ; it is built with bricks, and bound by iron bars, as shown in

tho elevation, fig. 501 . Tho hearth, b b, figs. 602 and 503, is placed upon a level with

tho lower horizontal binding bar, and has nearly tho form of an ellipse, truncated at

the two oxtromitiob of its greater axis. It is horizontal, bedded with fire-bricks set

on edge, so that it may bo removed and repaired without disturbing the arch upon

which it reposes. PIolos, not visible in tho figure, are left in the solo before each

door c c, through which the roasted ore is let fall into tho subjacent vault. The di-

mensions of tho hearth b b, vary from 17 to 19 foot in length, and from 14 to 16 in

breadth. The firo-placo K,fig. 503, is from 4J to 6 foot long and 3 feet wide. Tho

bridge or low wall b, fig 604, which separates the fire-place from tho hearth, is 2 feet

thick, and in Messrs. Vivians' smelting-works is hollow, as shown in tho figure, and

communicates at its two ends with the atmosphere, in order to conduct a supply of

fresh air to the hearth of tho furnace. This judicious contrivance will be described in

explaining the roasting operation. The arched roof of tho furnace slopes down from

tho bridge to tho beginning of the chimney/, /^rs. 601, 603, its height above tho hearth

being at the first point about 26 inches, and from 8 to 12 at the second.

Such calcining furnaces have five doors, cccc, fig. 503, and one for the fire-place,

as shown at the right hand in fig. 601 ; four are for working tho ore upon the reverbera-

tory hearth. These openings are 12 inches square, and are bound with iron frames.

The chimney is about 22 feet high, and is placed at one angle of the hearth, as at/,

fia. 503, being ioined by an inclined flue to the furnace.
, ,

For charging it with ore, two hoppers ee, are usually placed above the upper part

of the vault, in a line with the doors; they are formed of four plates of iron

supported in an iron frame. Beneath each is an orifice for letting the ore down into

^^ThSffiirnaces serve for calcining the ore and matts: for the latter purpose, indeed

furnaces of two stories are sometimes employed, as represented in fig. S07- J-ne

dimensions of each floor in this case are a little less than the preceding
J^"

do°rs

cc,fig. 501, correspond to each hearth, and the workmen, while employed at the upper

storv. stand upon a raised moveable platform.
., . • • „„„ „icn7 Melting lurnace, figs. 505 and 506.-The form of the hearth is in

tl^l^/^YeS
eUiptical,butthe dimensions are smaller than in the calcining furnace The engUi

does not exceed 11 or ll^ feet, and the breadth varies from 7 to 8- ^ho «^r^^^^^^^

however, larger in proportion, its length being from H to 4 f«^t,t"^/,'^Xl,e
3 to 31 ; tliis size being requisite to produce the high temperature of the furnace U

has few;r openings, there being commonly throe
;
one to the

.f^-fj^'^f/'^ed to be
one, o, in the side, kept generally shut, and used only ^^^'ij^^^^'l^jy£ tSinl
scraped off the hearth, or when the furnace is to be ^^fered for repairs^^ and t^ne^

or working door, o, placed on the front of the
&c

it, the scoria are rakod out. and the melted matters ^t-rre^l and pu^^^^

Tho hearth is bedded with infusible sand, and s opes ^I'S^^ly towards tne

to facilitate tho discharge of the metal. Above th,s_ door
^^^fi^^^'g^'it^J^to a pit,

chimney 506) for letting the metal escape. An ^^^^ g?"er.^^^ i

J.
K, bottomed with an iron receiving-pot, which may bo I'^ted ^ut by a c p

M, is flUod with water, and tho metal becomes granulated as it l-^'^ in™

These molting furni^ccs are surmounted by a hopper l, as snown j^. o ,
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505, 506

Melting furnaces are sometimes also used for calcination. Some of those near
Swansea serve this double purpose

;
they are composed of 3 floors {fig. 507). The

floor A, is destined for meking the calcined ore ; the
other two, b, c, serve for calcination. The heat being
less powerful upon the upper sole c, the ore gets dried

upon it, and begins to be calcined : a process completed
on the next floor. Square holes, d, left in the hearths b
and c, put them in communication with each other, and
with the lower one A ; these perforations are shut during
the operation by a sheet of iron, removable at pleasure.

The hearths d and c, are made of bricks ; these are
horizontal at the top and slightly vaxdted beneath

;
they

are two bricks thick, and their dimensions larger than
those of the inferior hearth, as they extend above the
fire-place. On the floors destined for calcination the
furnace has two doors on one of its sides : on the lower
story there are also two ; but they are differently placed.
The first, being in the front of the fui-nace, serves for
drawing off the scoriae, for working the metal, &c. ; and
the second, upon the side, admits the workmen to make
necessary repairs. Below this door is placed the dis-
charge or tap-hole, which communicates by a cast-iron
gutter with a pit filled with water. The dimensions of
this furnace in length and breadth are nearly the same
as those of the melting furnace above described; the
total height is nearly 12 feet. It is charged by means
of either one or two hoppers.

3. Roasting Fumace.—The furnaces employed for this
purpose are in general similar to the calciners ; but in the
smelting-works of Messrs. Vivian, the furnaces above
alluded to present a peculiar construction; this is for
the purpose of introducing a continuous current of air
upon the metal, in order to facilitate its oxidation. This process was originally in-
vented by Mr. Sheffield, who disposed of his patent right to Messrs. Vivian.
The air is admitted by a channel through the middle of the fire-bridge, which

extends aU its length; it communicates with the atmosphere at its two extremities
whilst square holes, left at right angles to this channel, conduct the air into the
±urnace. This very simple construction produces a powerful effect in the roasting
It not only promotes the oxidation of the metals, but burns the smoke, and assists in
tne vaporisation of the sulphur; while by keeping the bridge cool it preserves it from
wasting, and secures uniformity of temperature to the hearth.

i. Befining Furnace —In this, as in the melting furnace, the side slopes towards
the front door instead of the side doors, because in the refining furnace the copper
collects m a cavity formed in the hearth near the front door, from which it is lifted
out by ladles; whereas, in the melting furnaces, the metal is run out by a tap-hole
in the side.

_

The sole is laid with sand ; but the roof is higher than in" the melting
furnace, being from 32 to 36 inches in height. If the top arch were too much
depressed there might be produced upon the surface of the metal a layer of oxide very
pr^udicial to the quality of the copper. In that case, when the metel is run out, its
surface sobdifies and cracks, while the melted copper beneath breaks through andspreads in-egularly over the cake. This accident, called the rising of the copper, pre-vents It from being laminated, and requires it to be exposed to a fresh refining
process, when lead must be added to remove the oxide of copper. This is the only
occasion upon which the addition of lead is proper in refining copper. Wlien the metal
to be refined is mixed with others, particularlyVith tin, as in exLcting opperW

must be employed, to expose the metallic bath ona great surface, and in a thin stratum, to the oxidising action of the air

) ''i!''^ fi^ ""^^"i^S is ^ery large, and shuts with a framedbrick door, balanced by a counter-weight. j a
>

c udmou

6. Heating Furnaces, being destined to heat the pigs or bars of copper to be lami-nated, as well as the copper sheets themselves, are made much longL in prop^^^^^^^^to their breadth. Their hearth is horizontal, the vault not much depresS theyhave only one door, placed upon the s de but which extends nearly the whole lengthof the furnace
;
this door may be raised by means of a counter-weight in the saS.way as in the furnaces for the fabrication of sheet-iron and brass

Series of Operations to which the Ore is subjected.—The ores which are smeltprl ;^ fiSwansea works are chiefly copporpyrites,moreor less mingledS;«;^^^^^^^^^
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This pyrites is composeil of neiu-ly equal proportions of sulphide of copper and sulphide

of iron. Richer ores, consiHting of oxides luid carbonates of copper, &c., are also

worked in.

'J'iie oiivthy matters which accompany the pyrites are usually siliceous, though in

some minus the mineral is mixocl with either clay or fluor-spar. Along with these sub-

stances, tin ore and arsenical pyrites occasionally occur with the copper ;
and though

those two minerals are not chemically combined, yet they cannot bo entirely separated

by mechanical preparation. Tiio (jonstituont parts of the ore prepared for smelting are,

therefore, copper, iron, and sulphur, with earthy matters, and, in some cases, tin and

arsenic. The different ores are mixed in such proportions that the average metallic

contents may amount to 8 per cent. The smelting process consists in alternate

roastings and fusions.
.

In the roasting operation the volatile substances are mostly disengaged in the

gaseous state, while the metals that possess a strong affinity for oxygen become

oxidised. In the fusion the earthy substances combine with these oxides, and form

glassy scoriffi or slags, which float upon the surface of the melted metal.

The calcinations and fusions take place in the following order :—

1. Calcination of the ore. 2. I'lision of the calcined ore. 3. Calcination of coarse-

metal. 4. Melting the calcined coarse-meUil. 6, Calcination of fine-metal (second

matt). 6. Melting calcined fine-metal. 7. Roasting coarse-copper. In some smelting-

works, this roasting is repeated four times ; in which case a calcination and a melting

are omitted. In other works, however, a saving is made without increasing the

number of roastings. 8. Refining or toughening the copper.

Besides these operations which constitute the treatment of copper properly speaking,

two others are sometimes performed, in which only the scoria are smelted. These •

may be designated by the letters a and i : a is the re-melting of a portion of the

scoriae of the second process, which contain some metallic granulations
; 6 is a par-

ticular melting of the scoriae of the fourth operation. This fusion is intended to

concentrate the particles of copper in the scoriae, and is not practised in all smelting-

First Operation : Calcination of the ore.—The different ores on arriving from Corn-

wall and other localities wliere they are mined, are discharged in continuous cargoes

at the smelting works, in such a way, that by taking out a portion from several heaps

at a time, a tolerably uniform mixture is obtained; which is very essential, since

the ores, being different in quality and contents, act as fluxes for each other.

The mixed ore is transported to the works in wooden measures each holding a nun-

dred-weio-ht The workmen entrusted with the calcination convey the ore into the

hoppers ''of the calcining furnace, whence it falls into the hearth; other workmen

spread it uniformly on the surface .vith iron rakes. The charge of a furnace is from

3 tons to 3i tons. Fire is applied and gradually increased, till towards the end of the

operation, the temperature is as high as the ore can support ^vithout melting or agglu-

tinating. To prevent this running together, and to aid the extrication of the sulphur,

the surfaces are renewed, by stirring up the ore at the end of every hour. Jhe/^lcm

ation is usually completed at the end of 12 hours, when the ore is ^"^k^^ into the arch

under the sole of the furnace, and when cold enough to be moved, is taken out of the

nroh and couveved to the calcined heap.
. , , . , ^. i

T^ oreTn this process scarcely changes weight, having gained by oxidation near y

as mucH as it has lost in sulphur and arsenic; and if the roasting has been rightly

Tmnao-ed the ore is in a black powder, owing to the oxides present.

i utilisation of the sulphurous vapours%volved during calcination is explained.

^"
Second Operation: Fusion of the calcined ore.-The calcined ore is Ukewise given

to trleKtrmeasures contiining a hundred-weight. They throw it -to ho^P^;^

and, alter it has fallen on the hearth, spread it uniformly, ^hey then let dow^^^^^^

door and lute it tightly. In this fusion there are added about 2 cwt. of sconse
{
mean

Srh proSing ffom'ihe melting of the calcined matt, to be afterwards described.

S olEt of thfs addition is not Inly to extract the copper that these scoriae may con-

bit a\so to Tncrea^^^^^^^^ fusibilit^ of the mixture Sometimes, when t^^^^^^^^^^

ion of the ore requiresit, lime, sand, or A^J-P- ^ ^^Jf ' "^^^^^^^^^^^^^

The furnace being charged, fire is applied, and the sole care of the tounaer is i, p

up the heat so as to'have^ perfect fusion ; tl- .wkman then op^^^^

about the liquid mass to complete the separation of the ^^tal (regu ,

from the scoria, as well as to hinder the melted matter ^""^
f'X^^^kes out the

The furnace being ready, that is, the fusion ^eing perfect, th^
tsti^M from the

scoriae by the front door, by means of a rake. When tJie mass is tn

scoria, a second charge of calcined ore is introduced to
'"f/j/^^^^J ^re are put

Which second fusion i? executed like the first. Ne^r charges of roasted are put
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in till tho matt collected on the hearth rises to a level with the door-way, which hap-
pens commonly after tho third charge. The tap-liolo is now opened, and the matt
flows out into a pit filled with water, where it is granulated and collects in the pan
placed at the bottom. The granulated matt is next conveyed into the matt warehouse.
The oxidation with which the grains get covered by tho action of water does not allow
tho proper shade of the matt or coarse-metal to be distinguished; but in the bits whicli
stick in the gutter it is seen to be of a steel-grey colour. Its fractiu:e is compact, and
its lustre metallic. The scoriae, known as ore-furnace slag, often contain metallic
grains

;
they are broken and picked with care. All the portions wliich include metallic

particles are re-melted in an accessory process.

In this operation the copper is concentrated by the separation of a great part of the
matters with which it was combined. The granulated matt produced contains in
general 33 per cent, of copper ; it is therefore four times richer than the ore ; and its
mass is consequently diminished in that proportion. Its constituents are principally
copper, iron, and sulphur. It is termed coarse-metal.
The most important point in the fusion just described, is to make a fusible mixture

of the earths and oxides, so that the matt of copper may, on account of its greater
specific gra-snty, sink below and separate exactly from the slag. This is attained by
means of metallic oxides contained in the scorise of the fourth operation, of which 2 cwt.
were added to the charge. These consist almost entirely of oxide of iron. Wlien tho
ores are very difficult to melt, about half a hundred-weight of fluor-spar is added ; but
this must be done with precaution, for fear of too much increasing the scorise.
The work proceeds day and night. Five charges are commonly put tlirough in tho

course of 24 hours
; but when all circumstances are favourable, that is to say, when

the ore is fusible, when the fuel is of the first quality, and the furnace in good condition,
even six charges a day have been despatched.
The charge is a ton and a half of calcined ore, so that a smelting furnace nearly

corresponds to a calcining furnace; the latter turning out 7 tons of calcined ore in 24
hours. The workmen are paid by the ton.

Third Operation
: Calcination of coarse-metal— object of this operation is

principally to oxidise the iron, Avhich is more easily accomplished than in the first
calcimng, because the metal is now disengaged from the earthy substances, which
screened it from the action of the air.

This calcination is executed in the furnace already represented in figs. 505, 506, 507,page 915, exactly in the same way as the ore was calcined. The metal must be per-

HrSS/fJ^f??' ""V^^
°f the hot air, and to hinder

™^!,rte
The operatipnlasts 24 hours; during tho first six, tho fire should bo

KLtrth; tsS'^t^l '""^ '''' '^i-g^

Fourth Operation: Melting the calcined coarse-mctal.-In the fusion of this

vrrlrichlfoxide
'''' '''''' ^« added which avery rich in oxide of copper, and some crusts from the hearth, which are likewisenipregnated with It Addition may also be made of richer crude ores such as oxide

^flhetLinSmalt'^
^"^^^^^"'^ ^^^^^ ^^^^^^^ ^^^^^^

'

a?mall m;iv\f -^'V^
calcination of the matt has been pushed too for'

fragments, and contain no^^^^^^ ^ ^^^J sharp-edged

moulded into pigs (ingots), a oXATthe m^^^^^^^^

^n o water like the first, or

This matt, terSied by the ^melto Sc-L ™<i-gO.
it is in pigs, is of a light grey colour, comtJtZduSX T^^"about 60 per cent, of copper.

F
.

<tnu ouusn at the surface, and contains

Particular Fusion of the Sconce of the fourth Or^Kynti^.. t
scon., A. „,j.et i, .o pv„e„„ tho eop/r^^^ZX^Z^ir^'S,^,
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the scoriae are mixed with jiulvorised coal, or other carbonacoouB matters. The copper

and sovcral other metals are deoxidised, and furnish a -white and brittle alloy. The
Bcoriaj resulting from this melting are in part employed in the first melting, and in

part thrown away. They are crystalline, and often present crystals in the cavities,

which appear to bo those cf bisilicate of iron. They have a metallic lustre, and break

into very sharp-edged fragments. The white metiil is melted again, and then added

to tho product of the second fusion.

Fifth Operation: Calcination of the second Malt, or fwe-metal.—Thh is executed in

precisely tho samo way as that of tho first matt. It lasts 24 hours ; and the charge is

usually 3 tons.

Sixth Operation : Melting of the calcined fine-metal.—T\ub fusion is conducted like

that of tho first matt. Tlie black, or coarse copper, which it produces, contains from

70 to 80 per cent, of pure metal ; it is run into ingots, in order to undergo tho opera-

tion of roasting.

Tho scoriae aro rich in copper ;
they are added to tho fusion of the calcmed coarse-

metal of tho fourth operation.

In many smelting-houses, the fifth and sixtli operations have of late years been

omitted. The second matt is run into pigs, under the name of blue-metal,to be imme-

diately exposed to roasting.

The disposition of the canal c c,fig. 601, which introduces a continuous current of

air to the hearth of the furnace, accelerates and facilitates the calcination of the matt;

an advantage which has simplified the treatment, by diminishing the number of cal-

cinations. • r

Seventh Operation : Boasting the coarse-copper, the product of the sixth Operation.

The chief object of this operation is oxidation ; it is performed either in an ordinary

roasting furnace, or in one similar to^^^. 607, which admits a constant current of

air. The pigs of metal derived from the preceding melting are exposed, on the hearth

of the furnace, to the action of the air ,which oxidises the iron and other foreign metals

with which the copper is still contaminated. The duration of the roasting vanes from

1 2 to 24 hours, according to the degree of purity of the crude copper. The temperature

should be graduated in order that the oxidation may be complete, and that the volatile

substances which the copper still retains may escape in the gaseous form. The fusion

must take place only towards the end of the operation.
v * i

The charge varies from a ton and a quarter to a ton and a half. IHe metal

obtained is run out into moulds of sand. It is covered with black blisters, bke ce-

mentation steel; whence it has got the name of blistered copper. In the interior of

these pigs the copper presents a porous texture, occasioned by the ebullition produced

by the escape of gases during the moulding. The copper being now almost entirely

freed from sulphur, iron, and the other substances with which it was combined, is

in a fit state to be refined. This operation aflFords scons, which are very heavy, and

contain a great deal of oxide of copper, and sometimes even metallic copper, lliey

are known as roaster-slag. j i i

These scoriae, as well as those of the third melting and the refining, are added to

the second fusion, as we have already stated, in describing the fourth operation.

In some works, the roasting is several times repeated upon the blue-metal, in order

to bring it to a state fit for refining. ^, . ^ • * -:i ^

Eighth Operation: Refining or Toughening.-^he pigs «f ^°PPf^^J^te°^^^^^^

refining are placed on the sole of the refining furnace through^ the door in the side

A sSt heat is first given, to finish the roasting or oxidation, in case this opration

has not already been^ pushed sufficiently far. The fire is to. be ^^^^^'^Jjl^^l"^

degrees, so that, by the end of six hours, the copper may begin to flow When all

hfrne al is melted, and the heat is very considerable, the workman lifts the door

n the fS^nJ and withdraws with a rake the few scoria which may cover the copper-

bat^ a^ rTdlamellated, very heavy, and closely rese

The refiner then t^kes an assay .vith a small lacUe and ^^^^^^^^^cooH breaks^^

:s^ »
E &m«str^^^^^^^^
Toper Aeli. When the operation of refining

^f^'j^^^.^'ZL ^^^^^
and of a deep red colour approaching to purple. Its grain is coarse, open,

what crystalline.
„f.,i ;<= /.mrprAfl with wood-charcoal, and

To execute the refining the surfoce of the me^al
'^J^'^^^J'^^.J^,^^^, fr«m tho

stirred with a spar or rod of birch or other wood. Jhe^ gases
wn,cn e^ p

wood occasion a brisk effervescence. More f^^^^^^^^ '^-^Ti, and the stir-

added, so that the surface of the.metal may be
'-^^^^Ihn 1 fcrrcumsUinco indicated

ring is continued until the operation of refining is finished ,
a circumsuince
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by assays taken in succession. The grain of the copper becomes finer by degrees,

and its coloiu: gradually brightens. Wliou the grain is extremely fine, or close,

•when the trial-pieces, half cut through and then broken, present a silky fracture,

and the copper is of a fine light red, the refiner considers the operation to be com-

pleted ; but he verifies still further the purity of the copper, by trying its malleability.

For this purpose, he takes out a sample in a small ladle, and pours it into a mould.

When the copper is solidified, but still red-hot, he forges it. If it is soft under the

hammer, and does not crack on the edges, the refiner is satisfied with its ductility,

and pronounces it to be in its proper state. He then orders the workmen to mould
it : they lift the copper out of the furnace in large iron ladles lined with clay, and
pour it into moidds of a size suitable to the demands of commerce. The ordinary
dimensions of the ingots or pigs are 12 inches broad, 18 long, and from 2 to 2

J-
thick.

The period of the refining process is 20 hours. In the first six, the metal heats
and suffers a kind of roasting ; at the end of this time it melts. It takes four hours
to reach the point at which the refining, properly speaking, begins ; and this last part
of the process lasts about four hours. Finally, six hours are required to arrange the
moiilds, cast the ingots, and allow the fxirnace to cool.

The charge of copper in the refining process depends upon the dimensions of the
furnace. In different works the charge varies from 3 to 5 tons.

When the copper offers diSiculties in refining, a few pounds of lead are added to

it.
^
This metal, by the facility with which it scorifies, acts as a purifier, aiding the

oxidation of the iron and other metals that may be present. The lead ought to be
added immediately after removing the door to skim the surface. The copper should
be constantly stirred to expose the greatest possible surface to the action of the air,

and to produce the complete oxidation of the lead ; since the smallest quantity of
this metal in copper causes a difficulty in the lamination; i.e., the spale of oxide
does not come clean from the surface of the sheets.

The operation of refining copper is delicate, and requires, upon the part of the
workmen, great skill and attention to give the metal its proper ductility. Its surface
ought to be entirely covered with wood-charcoal ; without this precaution, the refining
of the metal would go hack, as the workmen say, during the long interval which
elapses in moidding ; whenever this accident happens, it must be stirred anew with
the wooden pole.

Too long employment of the pole causes the copper to become more brittle than it

was prior to the commencement of the refining ; that is, when it was dry. Its coloiir
is now of a very brilliant yellowish red, and its fracture fibrous. Wlien this occurs,
the refining, as the workmen say, has go7ie too far, and the refiner removes the char-
coal from the top of the melted metal ; he opens the side door, to expose the copper
to the action of the air, and it then resumes its malleable condition.

_
The theory of refining may be thus explained :—We may conclude that the copperm the dri/ state before refining; is combined with a small portion of oxygen, or, in

other words, that a small portion of sub-oxide of copper is diffused through the mass,
combined with it

; and that this proportion of oxygen is expelled by the deoxidising
.action of the wood and charcoal, whereby the metal becomes malleable. 2. That
when the refining process is carried too far, the copper gets combined with a little
carbon. Thus copper, like iron, is brittle when combined with oxygen or carbon

;and becomes malleable only when freed entirely from these substances.
It is remarkable, that copper, in the dry state, has a strong action upon iron ; and

that the tools employed in stirring the liquid metal become glistening, like those
used in a farrier's forge. The iron of the tools consumes more rapidly at this
time than when the copper has acquired its malleable state. The metal requires
also, when dry, more time to become solid, or cool, than when it is refined; a circum-
stance depending, probably, upon the difference in fusibility of the copper in the two
states, and which seems to indicate the presence of oxygen.
When the proper refining point has been passed, another very remarkable circum-

stance has been observed; namely, that the surface of the copper oxidises less easilv
and that it is uncommonly brilliant, reflecting clearly the bricks of the furnace vault
This fact IS favourable to the idea suggested above, that the metal is in that case com-
bined with a small quantity of carbon ; which absorbs the oxygen of the air and
thus protects the metal from its action. >

^

Copper is brought into the market in different forms, according to the purposeswhich It 1.S to serve. That which is to be employed in the manufacture of bras-' isgranulated. In this condition it presents more surface to the action of zinc and com
bines with It more readily To produce this granulation, the metal is poured into alarge ladle, pierced with holes and placed above a cistern fiUed with water whichmust bo hot or cold, according to the form of tlio grains required. When it' is Wround grains are obtained analogous to lead shot ; and the copper in this state is called
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bean shot. Whon tlio molted copper fulls into cold water poroetunlly renewed, the
granulations are irregular, thin, and ramified

; constituting fcatliercd shot. The bean
shot is the form employed in brass making.

Copper is also made into small ingots, about six ounces in weight. These are in-
tended for exportation to the East Indies, and are known in commerce by the name
of Japan copper. Wheuovor these little pieces are solidified, they are thrown, while
hot, into cold water. This immersion slightly oxidises the surface of the copper, and
gives it a fine red colour.

Lastly, copper is often reduced into sheets, for the sheathing of ships, and many
other purposes.

Tlio cylinders for rolling copper into sheets are usually 3 feet long and 15 inches
in diameter. Thoy are uniform. The upper roller may bo approached to the under
one by a screw, so that tlio cylinders are brought closer in proportion as the slieet is

made thinner.

The ingots of copper are laid upon the sole of a reverberatory furnace to be heated

;

they are placed alongside cacli other, and are formed into piles in a cross-Hko arrange-
ment, so that the hot air may pass freely round them all. The door of the furnace is

shut, and the workman looks in through a peep-hole from time to time, to see if they

have taken the requisite temperature
;
namely, a dull red. The copper is now passed

between the cylinders ; but although this metal is very malleable, the ingots cannot

be reduced to sheets without being several times heated ; because the copper cools,

and acqiiires, by compression, a texture which stops the further progress of lami-

nation. See Annealing.
These successive heatings are given in the furnace above indicated

;
though, when

the sheets are to have a very great size, furnaces somewhat different are had recourse

to. They are from 12 to 15 feet long and 5 feet wide. See Bbass.

The copper, by successive heating and lamination, gets covered with a coating of

oxide, which is removed by steeping the sheets for a few days in a pit filled with

urine
;
they are then put upon the sole of the heating furnace. Ammonia is formed,

which acts on the copper oxide, and lays bare the metallic surface. The sheets are

next rubbed with a piece of wood, then plunged, while still hot, into water, to make
the oxide scale off ; and are lastly passed cold through the rolling press to smooth

them. They are now cut square, and packed up for home sale or exportation.

The following estimate was given by MM. Dufrenoy and Elie de Beaumont of the

expense of manufacturing a ton of copper at the time of their visit to South Wales in

1822 :—

12 J tons of ore, yielding 8| per cent, of copper

20 tons of coals

Workmen's wages, rent, repairs, &c. .

£.

55
8

13

d,

0

0

0

£76 0 0

The exhalations from the copper smelting-works are exceedingly detrimental to both

vegetable and animal life. They consist of sulphurous acid, sulphuric acid, arsenical

and arsenious acids, vari-

508 ous acid and other va-

pours, with solid particles

mechanically swept away

into the air. See p. 928.

The following figiures

represent certain modi-

fications of the copper

calcining and smelting

copper furnaces of Swan-

sea.

Fig. 508 is the section

of the roasting furnace

lengthwise ; fg. 609, the

ground plan; in which

a is the fire-door; A,

the gi-ate; c, the fire-

bridge; d, the chimney; e e, apertures on each side of the long sides of tlioj;iirnace,

through which the ore is spread, and turned over ; //. iron hoppers ;
opemngs in

the vaulted roof; h the hearth-solo ; i i, holes in this; a vaulted space under the

licartli. The hearth has a suitable oval shape, and is covered with a nat arcn. iis

length is 16 feet, breadth 13^ feet, mean height 2 feet.
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in Av.

Fig, 510 is a longitudinal section of the melting fiirnace ; fig 511 the ground plan

Rich a is the &e-door ; h, the grate ; c, the fire-bridge ;
d, the chimney

;
e, the

509 610

Hi- lU

side openings
; /, the working door

; g, the ralung-out

conduct the melted metal into pits filled with water.

The melting furnace is altogether

smaller, but its firing hearth is con-

siderably larger than in the roasting

furnace. The long axis of the oval

hearth is 14 feet; its short axis 10

feet ; its mean height 2 feet.

Napier's Process for smelting Copper

Ores.— As the copper ores of this

country often contain small portions

of other metals, such as tin, antimony,

arsenic, &c. which are found to deterio-

rate the copper, Mr. Napier's process

liad in view to remove these metals,

and at the same time to shorten the

operations of the smelting process.

The first two operations, that of

calcining and fusing the ore, are the

same as the ordinary processes ; but the

product of this last fusion—yiz., the

hole ;
h, iron spouts, which

coarse-metal—is again fused with a little

sulphate of soda and coal mixed ; and whenever this becomes solid, after tapping

the furnace, it is throAsm into a pit of water, where it immediately falls into an im-

palpable powder; the water boils, and then contains caustic soda and sulphide of

sodium, dissolving from the powder those metals that deteriorate the copper ;
the

ley is let off, and the powder washed by allowing water to run through it. The
powder is then put into a calcining furnace, and calcined until all sulphur is

driven off, which is easily effected from the finely-divided state of the mass. This

calcined powder is now removed to a fusing furnace, and mixed with ores containing

no sulphur, such as carbonates and oxides, and a little ground coal, and the whole

fused ; the result of this fusion is metallic copper and sharp-slag—that is, a scoria

containing much protosilicate of iron, which is used as a flux in the first fusion of the

calcined ore, so that any small trace of copper which the slag may contain is thus

recovered.

The copper got from this fusion is refined in the ordinary way, and is very pure.

This -process, which was patented in 1846, and carried on for some few years at

Loughor, near Swansea, has been found in practice to be incapable of completely

separating antimony, arsenic, and tin from copper, and has in consequence been

abandoned.

When the copper ores contain tin to the extent of from ^ per cent, to 2 per cent.,

which many of them are found to do, Mr. Napier proposed to extract this tin, and
make it valuable by a process which has also been the siibject of a patent. The ore

is first ground and calcined, till the amount of sulpliur is a little under one-fourth of

the copper present ; the ore is then fused with a little coal. The result of this fusion,

besides the scoria, is a rcgulus composed of sulphur, copper, and iron, and under this

is a coarse alloy of copper, tin, and iron. This alloy is ground fine, and calcined to

oxidise the metals, which are then fused in an iron pot witii caustic soda, which
combines with the tin and leaves the copper. The oxide of copper is now fused with
the regulus. The stannato of soda is dissolved in water, and the tin precipitated by
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slaked hmo, tho precipiteto is dried and fused with carbonaceous mtters and a little
Bund, ivnd metallic tin oLUiincd; tho caustic Boda-solution is evaporated to drynessand iised over again.

_
This process was proposed for the troatmentof very poor copper

ores that are mixed with tin, or poor tin ores mixed with copper, but does not appear
to have been practically applied.

^
Froccss forvierh, employ,d at CJmsy.-lho principal ore smelted at Chessy was tho

azure copper or blue ciirbonato, which was discovered by accident in 1812. Rod
copper ore, also, came into operation there after 1826. TIio average metallic contents
ot tlio richest azure ore was from 33 to 36 per cent. ; of tho poorer, from 20 to 24
Iho rod ore contained from 40 to 67 parts in 100. Tho ore was sorted to an average
ot 27 per cent, of mebil, to which 20 per cent, of limestone was added; whence the
cinder aviU amount to 60 per cent, of the ore. A few per cents, of red copper slag, with
some quicklime and Oahrslag, was added to each charge, which consisted of 200 pounds
of the above mixture, and 1 50 pounds of coke. When the furnace (foumeau a manch/;,
see tho Scotch smelting hearth, under Lead) was in good action, from 10 to 14 such
charges could be worked in 1 2 hours. When the crucible was full of metal at the end
of this period, during which tho cindor had been frequently raked off, the blast was
stopped

; the matt floating over and the metal being sprinkled with water and taken
off, left the black copper to bo treated in a similar way, and converted into rosettes.
The refining of this black copper was performed in a kind of reverberatory furnace.
Tho cinders produced in this reduction process were either vitreous and light blue,

which wore most abundant
;
cellular, black, imperfectly fused from excess of lime

;

or, lastly, red, dense, blistery, from defect of lime, from too much heat, and the passage
of oxide of copper into tho cinders. They consisted of silicate of alumina, of lime,
and of protoxide of iron ; the red contained some silicate of copper.

The copper - refining

furnace at Chessy was of

the kind called Spkiss-

ofen (split-hearth) by
the Germans. Fig. 512
is a section lengthwise

on the dotted line A b of

Jig. 513, which is the

ground plan.

The foundation-walls

were made of gneiss

;

the arch, the fire-bridge,

and the chimney, of fire-

bricks. The hearth a

was formed of a dense

mixture of coal-dust,

upon a bottom of well-

beat clay b, which re-

posed upon a bed of

brick-work c. Beneath
this there was a slag

bottom d; e\s the upper,

and / the under dis-

charge-hole. The hearth

was egg-shaped ; the

longer axis being 8 feet,

the shorter 6tJ- feet; in the middle it was 10 inches deep, and furnished with the

outlets g g, which lead to each of the split-hearths, h h, fig. 513. These outlets were

contracted with fire-bricks i i, till the proper period of the discharge. The two hearths

were placed in communication by a canal k
;
they were each 3^ feet in diameter, 16

inches deep ; floored with well-beat coal-ashes, and received about 27 cwts. for a charge.

I is tho grate ;
m, the fire-bridge ;

n, the boshes in which tho tuyeres lie ; o, the

chimney; p, the working door, through which the slags may be drawn off. Above

this was a small chimney, to carry off tho fiame and smoke whenever the door was

opened.

The smelting ^osi! or charge to be purified at once, consisted of 60 cwts. of black

copper, to which a little granular copper and copper of cementation were added ;
the

consumption of pit-coal amounted to 36 cwts. As soon as the copper was melted, the

bellows were set a-going, and the surface of the metal soon became covered "with a

moderately thick layer of cinder, which was drawn off. This was the first skimming

or decrassagc. By-and-by, a second layer of cindor formed, which was in like manner

removed; and this skimming was repeated, to allow the blast to act upon fresh
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motalUc surfaces. After 4 or 5 hours, no more slag appoarod, and then the fire was

increased. The melted mass now began to boil or work (iravailler), and continnod so

to do for about | of an hour, or an hour, after which the motion ceased, though the fire

was kept up. The Gahrproofwas now taken ; butthe metal was seldom fino in less than

J of an hour after the boil was over. Whenever the metal was run off by the tap-hole

into the two basins, h h, called split-hearths, a reddish vapour or mist arose from its

surface, composed of an infinite number of minute globules, which revolved with
astonishing velocity upon tlieir axes, constituting what the Germans called Spratzen
(crackling) of the copper. They were composed of a nucleus of copper covered with a
film of oxide, and were used as sand for strewing upon manuscript. The copper was
separated by sprinkling water upon the surface of the melted metal, in the state

of rosettes, which were immediately immersed in a stream of water. This refin-

ing process lasted about 16 or 17 hours ; the skimmings weighed about 50 cwts. ; the
refuse was from 15 to 17 per cent. ; the loss from 2 to 3 per cent. The Gahrslag
amounted to 11 cwts.

Smelting of the Mansfeld Copper-Schist, (Kupferschiefer).—The cupreous ore is first

roasted in large heaps of 2,000 cwts., interstratified with brush-wood, and with some
schists rich in bitimiinous matter mixed with the others. These heaps are 3 ells high,
and go on burning 15 weeks in fair and 20 in rainy weather. The bituminous matter
is decomposed ; the sulphur is dissipated chiefly in the form of sulphurous acid ; the
metal gets partially oxidLsed, particularly the iron, which is a very desirable circumstance
for the production of a good smelting slag. The calcined ore is diminished ith in
bulk and ith in weight; becoming of a friable texture and a dirty yellow colour. The
smelting furnaces are cupolas (Schachtofen), 14 to 18 feet high; the fuel is partly
coal and partly coke from the Berlin gas-works and from Silesia. The blast is now
given by a cylinder, but formerly with the old barbarous Blasebdlgen, or wooden bel-
lows of the household form.' The smelting was formerly conducted as follows :—
The copper-slate is sorted, according to its composition, into slate of lime, clay,

iron, &c.
; by a mixture of which the smelting is facilitated. For example, 1 post or

charge may consist of 20 cwts. of the ferruginous slate, 14 of the calcareous, 6 of the
argillaceous, with 3 of fluor-spar, 3 of rich copper slags, and other refuse matters.
The nozzle at the tuyere is lengthened 6 or 8 inches, to place the melting heat near
the centre of the furnace. In 15 hours 1 Fuder of 48 cwts. of the above mixture may
be smelted, whereby 4 to 5 cwts. of matt (Kupferstein) and a large body of slags arc
obtained. The matt contains from 30 to 40 per cent, of copper, and from 2 to 4 Loths
(1 to 2 oz.) of diver. The slags contain at times ^th their weight of copper.
The matt is composed of the sulphides of copper, iron, silver, zinc, along with some

arsenical cobalt and nickel. The slaty slag is raked off the surface of the melted matt
from time to time. The former is either, after being roasted six successive times
smelted into black copper, or it is subjected to the following concentration process:—
It is broken to pieces, roasted by brushwood and coals three several times in brick-
walled kilns, containing 60 cwts., and turned over after each calcination ; a process
of 4 weeks' duration. The thrice-roasted mass, called Spurrbst, being melted in the
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614

cupola./ig'. 614, with oro-cinaer, yields tho Spursiein, or concentrated matt. From
30 to 40 cwts. of Spuvrost are smelted in 24 hours; and from 48 to 60 per cent of
Spnrstctn are obtained, tho slag from the slate-smelting being employed as a flux.
The Spurstem contains from 80 to 60 per cent, of copper, combined with the sulphides
of copper, of iron, and silver.

_

The Spurstein is now mixed with Dihmstein (a sulphide of copper and iron produced
in the original smelting), roasted 6 successive times, in quantities of 60 cwts., with
brushwood and charcoal

; a process which requires from 7 to 8 weeks. The product
of this six-fold cnlcination is tho Gahrrost of tho Germans ; it has a colour like red
copper ore, varying from blue grey to cochineal-rod, with agranular fracture ; and may
be immodiatoly reduced into metallic copper, which process is called Ktip/ermachen.
But before smelting the mass, it is lixiviated with water, to extract from it the soluble
sulphate, which is concentrated in leaden pans and crystallised.
Tho lixiviated Gahrrost mixed with from ^th to }th ofthe lixiviated Diinnsteinrbst and

^th to ^^th of tho copper-slate slag ore smelted with charcoal or coke fuel in tho course
of 24 hours, in a mass of 60 or 80 cwts. The product is black copper, to the amount of
about \\h the weight, and ^th of Dunnstcin or thin matt. This black copper contains
in the cwt. from 1 2 to 20 Loths (6 to 10 oz.) of silver. Tho Dunnstcin consists of from
60 to 70 per cent, of copper combined with sulphur, sulphide of iron, and arsenic ; and
when thrice roasted, yields a portion of metal. The black copper lies undermost in

the crucible of the furnace ; above
it is the Bilnnstein, covered witli

the strong slag, or copper cinder,

resulting from the slate-smelting.

The slags being raked oflF, and
the crucible sufficiently full, the
eye or nozzle hole is shut, the

Bilnnstein removed bycoolingthe
surface and breaking the crust,

which is about a ^ to | inch thick.

The same method is adopted for

taking out the black copper in

successive layers. For the desil-

vering of this, and similar black

coppers, see Silver.

Fig. 514 is a vertical section

through the tuyere in the dotted

line A B of fig. 516. Fig. 515
is a vertical section through

the dotted line cn oi fig. 511.

a is the shaft of the furnace;

i, the rest, c c, the tuyeres ; d,

tho sole or hearth-stone, which
has a slope of 3 inches towards

the front wall ; e c, &c., casing

walls of fire-bricks; //, &c.,

filling-up walls, built of rubbish

stonrs
; gg, a mass through whicli

through one or other of whichthe heat is slowly conducted ; h h, the two holes

Iternately the product of the smelting process is runoif into the fore-hearth. Beneath

Fig. 516 is

the dotted line e f

the hearth sole there is a solid body of loam ; and the fore-hearth is

a mixture of coal-dust and clay ; k is the discharge outlet for moisture

a horizontal section of the furnace through the hole or eye, on the d(

of fig. fig. 517, a horizontal section of the shaft of the furnace through t\ieform

along the dotted line g h of figs. 514 and 515. The height of the shaft, from tho

lino E F to the top, is 14 feet ; from e to g, 25 inches; from c to the line below h,

2 feet; from that line to the line opposite gg,2 feet. The width at the line^ ^ is

3 feet 3 inches, and ate, 26 inches. The basins, t i,fig. 516, are each 3 feet in diameter

and 20 inches deep. .

During the last twenty years few processes have undergone more extensive modificii-

tions than that used for tho extraction of copper and silver from the copper-schists of

Mansfeld ; and it is therefore necessary to present a short account of tho series of

operations at present employed.

The cupola furnace now used differs greatly, both in construction and dimensions,

from that formerly employed in the district; being in almost all respects, excepting

size, similar to tho closed blast-furnaces used in this country for the maiiutacture ot

cast iron. This furnace is circular, and 30 feet in heiglit by about 7 foet in Uiameter
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nt the top, which is the -widest part ; the interior dimension decreasing gradually

towards the hearth, where the width is 6 foet.
. t

•
i , „f

The blast is supplied by six water-tuyers placed radially, or nearly so, at a lieiglit oi

from 4 to 5 feet above the hearth. On one side is a dam plate over which slag flo-ws

continuously whilst on the opposite side is a tapping hole through which the matt is

drawn off from time to time.
, , , i

Tlio top of the furnace is closed by a cup-and-cone, and the waste-gases are conveyea

to the stoves employed for heating the blast,, the temperature of which is raised to

370° F.

The reverboratory furnace employed in the calcination processes is in all essential

respects similar to that used in Wales for the roasting of the various matts produced

in the English method of smelting.

The following is an outline of the routine generally employed :

—

1. Boasting the schists in the open air, in large heaps, in order to drive off -water,

bitumen, and other volatile matters and at the same time to induce such a state of

di\'ision between the particles of the ore as shall be most suitable to subsequent melt-

ing operations.

2. The first melting in a cupola-furnace, the object being the separation of silica and

earthy matters in the form of slag and the concentration of the copper in a matt con-

taining 36 per cent, of that metal, together with some silver.

3. The matt formed in the last operation is roasted in the open air in rectangular

• stalls,' the object being the elimination of a portion of the sulphur and the oxidation

of some of the iron.

4. The roasted matt or coarse-metal is concentrated in a reverberatory furnace in

order to fit it for the next process for extracting the silver by Ziervogel's method.

During the roasting, lead, arsenic, and zinc are to some extent eliminated and a regulus

produced which is rich in copper and silver ; at the conclusion of the operation this

is granulated by being run into a vat of water.

5. For the extraction of the silver, the granulated matt is ground to a fine powder,

and roasted in a reverberatory furnace at such a temperature that as much as possible

of the copper shall be converted into oxide, whilst the silver remains in the form of

sulphate ; this is washed from the roasted material by means of hot water and the

silver subsequently precipitated from solution by metallic copper.

6. Fusion for blister-copper. The residue from the lixiviation vats is made into

balls -with about 8 per cent, of clay, which serves the double purpose of supplying

materials for slag and at the same time forming the powder into lumps and preventing

its clogging the furnace.

The fusion is conducted in a cupola-furnace and fluid products flow continuously from
it into a basin, and arrange themselves according to their specific gra-vities

;
namely.

first, metal ; second, a thin layer of rich matt ; and thirdly, slag. The latter is broken
and sorted, and any containing copper is, together with the matt, worked over iu one
of tho earlier operations.
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7. Eoflning tho blistor-coppor. This is offoetod either in the German hearth by the
action of glowing charcoal and a highly-inclined blast, and tho fine-copper obtained inthe form of rosettes

;
or the Welsh revorberatory furnace is employed, and the copper

SiLVKU
extraction of silver from tho Mansfield copper regulus, see

Figs. 518, 519, 620, represent tho roverberatory furnace generally employed in
tho llarz, i n tho district of Mansfeld, Saxony, Hungary, &c., for the treatment of black
copper, and for refining rosotto copper upon the groat scale. An analogous furnace is
used at Andreasborg for tlio liquefaction or purification of the matts, and for workable
lead when it is much loaded with arsenic.

Fiff. 518 presents tho elevation of the furnace parallel to the lino i K, of the pLin
Jtff. 619, which plan is taken at tho level of tho tuyere n of fff. 520 ; Jiff. 620 is a
vortical section in tho lino l m, Jig. 519. k represents one of two basins of reception,
brasqued with clay and charcoal ; n n, two tuyeres through which enters tho blast of
two pairs of bellows

; q, door by which tho matter to bo molted is laid upon tho solo
of tho furnace

; v, v, two points where tho solo is perforated, when necessary to run
off the melted matter into either of the basins k

; x, door through which the slags or
cinders floating upon the surface of the melted metal are raked out ; y, door of the
firo-place. The fuel is laid upon a grate above an ash-pit, and below tho arch of a
revorberatory, which is contiguous to the dome or cap of the furnace properly so called.
In the section, Jiff. 520, the following parts may be noted : 1, 2, 3, mason-work of the
foundation

; 4, vapour-channels or conduits, for the escape of the humidity
; 6, bed of

clay
; 6, brasque, composed of clay and charcoal, which forms the concavity of tho

hearth.

Fiffs. 621, 622, 523, show the furnace formerly employed for liquation in one of

521 522

the principal smelting works of the Harz. Fiff. 523 exhibits the working area charged

with tho liquation cakes and charcoal, supported by sheets of wrought-iron ; Fiff.

521 is the plan, in the line f g, of Jiff. 522.

A liquation cake is composed of

—

Black copper holding at least 5 or 6 Loihs (2^ or 3 oz.) of silver per cwt., and

weighing 90 to 96 lbs. Lead obtained from litharge, 2 cwts. Litharge, ^ cwt.

From 30 to 32 cakes are successively worked in one operation, which lasts about

4 hours ; the furnace is brought into action as usual, with tho aid of slags; then a little

litharge is added ; when the lead begins to flow, the copper is introduced, and when

the copper flows, lead is added, so that the mixture of the metals may be effected in

the best possible way.
From 8 to 16 of these cakes (pains) are usually placed in the liquation furnace,

Jigs. 521, 522, 523. The operation lasts 3 or 4 hours, in which time about 1^ quintal

of charcoal is consumed. The cakes are covered with burning charcoal supported, as

before stated, by the iron plates. The workable lead obtained flows off towards the

basin in front of the furnace ; whence it is laded out into moulds set alongside. (See

Jiff. 518). If the lead thus obtained be not sufficiently rich in silver to be worth

cupellation, it is employed to form new liquation cakes. When it contains from 5 to

6 Lotlis of silver per cwt., it is submitted to cupellation in tho said smelting works.

See Silver.

The refining of the eliquated copper (called BarrUiiffe) from which the silver has

been sweated out by means of lead, can be performed only in small hearths. Tho

following is the representation of such a furnace, called in German Kupfcrgahrhm-d.

Fiff. 524 is the section lengthwise
; Jiff. 525 is the section across ;

and Jig. 526 is

tho ground plan: in these figures a is the hearth-hollow; b, a massive wall
;

c,

tho mass out of which tho hearth is formed ; d, cast-iron plates covering tho hearth

;
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e, opening for running off the liquid elag; /, a small wall; iron curb for keeping

tlio coals together.

The hearth being heated with a bed of charcoal, f cwt. of Darrhnge are laid over it,

and covered with more fuel : whenever this charge is melted, another layer of the coal

and Barrlinge is introduced, and thus in succession till the hearth becomes full or

contains from 2^ to 2 1 cwts. In Neustadt 7^ cwts. of Barrlinge have been refined m one

furnace, from which 5 cwts. of Gahrkupfer have been obtained. The blast oxidises the

foreign metals, namely, the lead, nickel, cobalt, and iron, with a little copper, forming

the Gahrslag; which is, at first, rich in lead oxide and poor in copper oxide ; but at

the end, this is reversed. The slag, at first blackish, assumes progressively a copper-

red tint. This slag flows off spontaneously along the channel e, from the surface of the

hearth. The Gahre is tested by means of a proof-rod of iron, called Gahreisen, thrust

through the tuyere into the melted copper, then drawn out and plunged in cold water.

As soon as the Gahrspan (scale of copper) appears brownish-red on the outside, and

copper-red within, so thin that it seems like a net-work, and possessing sufficient tena-

city to admit of its being bent backwards and forwards several times without break-

ing, the refining is finished. The blast is then stopped ; the coals covering the surface,

as also the cinders, must be raked off the copper, after laeing left to cool. The surface

is now further cooled by sprinkling water upon it, and the thick cake of congealed

metal (rondeUc) is lifted off with tongs, a process called ScMeissen (slicing), or

Scheibenreissen (shaving), which is continued till the last convex cake at the bottom of

the furnace, styled the kingspiece, is withdrawn. These rondelles are immediately im-

mersed in cold water, to prevent the oxidation of the copper : whereupon the metal

becomes of a cochineal-red colour, and gets covered with a thin film of red oxide. Its

under surface is studded over with points and hooks, the result of tearing the congealed

disc from the liquid metal. Such cases are called rosette copper. When the metal is

pure and free from oxide, these cakes may be obtained very thin, g'jth of an inch, for

example. The refining of 2J cwts. of Darrlinge takes f of an hour, and yields 1^ cwt.

of Gahr copper in 36 rosettes, as also some Gahrslag. Gahr-copper generally contains

from 1 1 to 2J per cent, of lead, along with a little nickel silver, iron, and aluminium.
Most of the Mansfield copper is now refined in a reverberatory furnace, and sold as

Baffinadkupfer, and not as Gahrkupfer.
Utilisation of the Copper Smoke.—The application of the sulphur disengaged in the

calcination or roasting of copper ores to the production of liquid sulphuric acid, has
long been an important object of copper-smelters. In the case of a small proportion
of copper ores, containing a comparatively large proportion of sulphur, and in the
state of hard lumps, free from earthy matter, this is effected in the ordinary ' pyrites
burner ' of the sulphuric acid works. But copper ores, for the most part, are small,

poor in sulphur, with much earthy matter ; and are therefore calcined in reverberatory
furnaces with fire-grates. The gases from these calciners do not consist of more than
0*5 vol. of sulphurous acid in 100 vols., and are moreover largely mixed with the
products of combustion from the fire-place : they were therefore unfit for the vitriol

chamber, and were allowed to escape.

An important invention, by which this loss is avoided, is the calcining furnace of
M. Gerstenhofer ; in which the ore, in a finely-divided state, is allowed to fall on a
number of fire-brick bars or bearers, placed in rows, at different elevations. The ore
which is supplied in a continuous stream at the top, meets in its descent with a cur-
rent of air in the reverse direction. The furnace being moderately heated on starting.



928 COPPER

phurous acid of 8ufflc 0 It i lith .m.^^ '^'^ '^^'^"^

b ropicBeut porpondjcular transverse soctious of M. Gersten-
hofor's furnace. Fiff. 627 is a cross-section
parallel with tho front

; Jiff. 528 represents a
section from front to back. Tho length of tho
earthen bars is about two feet six inches:
twenty rows occupy about twelve feet in height •

a is an iron box or hopper for containing a
supply of ground ore, having at bottom two
or more cast-iron grooved rollers, which are
worked without interruption, at a speed adapted
to supply ore equal to a discliargo of about
10 cwts. of sulphur per twenty-four hours. As
tho ore sometimes has a tendency to form a
cake on the bars, it is necessary to scrape these
occasionally, by means of an iron rod, with
curved end, which is introduced through plug-
holes in cast-iron boxes, shown in Jig. .')28.

The calcined ore collects in the cavity b at the
bottom, and is raked out when convenient.
The necessary amount of air is admitted partly
at the back through the flue c, regulated by
means of a screw-valve, and partly through
the plug-holes in front. After passing upwards
through the calciner, the air, now charged with
sulphurous acid to the extent of 6 or 8 per
cent, in volume, passes over the bridge, and
through the flue e in the direction of the ar-
rows, Jiff. 528. Provision is made at the bottom
of these flues for collecting and removing par-
ticles of roasted ore carried over by the current

;

/ is a brick-built chamber for a similar pur-
pose, from the back of which the gas passes
through the flue

ff to the vitriol chambers.
The latter are supplied with nitric acid in tlie

usual way ; either from a nitrate-pot or oven
worked independently, or with liquid nitric
acid allowed to percolate a tower and mix
with the gas from the calciners before entering
the leaden chambers.
The Gerstenhofer calciner is applicable to all

varieties of sulphuretted copper ores, although
varying in proportion of sulphur from 16 to 40
per cent. ; it is also adapted to the ' coarse-
metal ' or regulus obtained as the result of the
first reducing operation.

The calcination is conducted with ease, so that no more sulphur remains in the ore
than is necessary for the smelting processes.
As tho superiority of this calciner over every other, having a similar object, has

been proved, in the Government copper smelting establishments of Freiberg and
Mansfeld, and in this country, in the works of Messrs. Vivian and Sons, near Swansea
(who are the

_
proprietors of the English patent), it is expected that their general

introduction into copper works will be the means of greatly reducing the smoke
arising therefrom and turning it to profitable account. This was written in 1867.
Although still used advantageously, its use has not, in 1874, been extended.
Mr. Peter Spence, of Manchester, has also a calciner which has been four years in

operation, and has calcined 20,000 tons of copper ore. Mr. Spence, in his patent of
the 3rd July 1861, thus describes his arrangements:

—

' The essential feature of invention consists in submitting such ores to the action
of a roasting heat as they are passed from one end of a furnace to the other, during
which transference a current of air is caused to travel over them in an opposite direc-

tion
; to accomplish this, a furnace of considerable length, having several doors for

tho purpose of introducing apparatus by which the transference may bo ofibcted, is

used. It will be obvious that by this arrangement the ores may be submitted to heat
m a thin stratum, that tho amount of roasting may be niodjfied by a quicker or slower

Gerstenhofer's Furnace for calcining
Copper Ores.
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transferonco, and tliat the heat commuuiciited may bo greater towards tho terniinatiou

of tho operation than at tlie commencoment thereof.

628

Qcrstenhofer's Furnace for calcining Copper Ores.

Vlif ior^^°° m'" ^'"^^I
™'^^ei'«tood by the accompanying drawings ofapparatus,

of ™^h^i fL f
^

A "^'T ^? a longitudinal sectionf in both
of which the two ends only are shown, the whole being of considerable length. One

529

1^

Sponce's Furnace for calcining Copper Ores.

r^''°"
^'^^'^ tho transference of the ores •

Vol £
""''y

^''i
''^ on]y mentioned for the purpose of

* ' 3 0
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eJ^plaining that tho furnaco Bhould bo of considerable length. Fig. 531 roppe«ontHa cross-soction; and m describing tho apparatus in tho first instance^wr/upX Sthe manufuctm-o oi sulphuric acid is tho object in view.

580

d

f

DHDDDBD
Spence's Furnace for calcining Copper

Ores.

Spcnco'a Furnace for Calcining Copper Ores.

At a are tho fire-bars of the furnaco, and at h tho firo-chamber, formed by channels,
as seen \nji$. 531, extending under a partition c, of fire brick, -which partition forms

tho bottom of another and distinct chamber
531 d, furnished at ono or both sides -with a

number of doors e', e^, &c. At/ is an aper-
ture formed through the brickwork, and
constituting a communication from the ex-
ternal atmosphere to the chamber d. The
ores from which sulphuric acid is to be ob-
tained are passed through the door c' into

the chamber d in sufficient quantity to lie

about two or tliree inches in thickness upon
the bed c, and to extend, say, halfway to-

wards the door e^. This batch having been
submitted to heat, passing from the fire-

chamber h for the required time, is pushed forward by any convenient instrument,

so as to be brought opposite the door e-, and another batch is introduced through the

door ; then the first charge is removed from to e^, and the second from e' to e-,

and so on until the first-deposited batch shall have arrived at the other end of

the furnaco at e'-, and it is then pushed through the aperture/ into any receptacle

placed to receive it. During this transference of the material, it has gradually become
heated, and a current of air entering at/has been passing over it, and the operation

has caused the sulphur to be driven off from the ore and conveyed through the

channel g to the ordinary sulphuric acid apparatus. The end of the fire-chamber

d leads to a flue at i. The degree of roasting to bo effected, and so as to secxire the

best results, can bo ascertained only by experience ; but working with a furnace

fifty feet long and with twelve doors, the first charge is allowed to remain for one

hour, then transferred to tho second position, and a fresh charge put into the first,

and so on, waiting an hour between each charge.

An advantage arising from this invention is its capability of being applied to the

manufacture of sulphiiric acid from any description of ores. It is well known to those

engaged in the extraction of copper from ores that the sulphur thereof is frequently

wasted from tho impracticability of roasting certain mixed ores so as to render them

into a fit condition for reduction, and also for the manufacture of sulphuric acid ; but

by this improved method, ores of any description, large or small, may be roasted so

as to produce sulphuric acid with economical results. In calcining the mixed copper

ores preparatory to smelting, as practised at the Swansea and other copper works,

and with the view of economising tho manufacture of sulphuric acid, the process of

calcination by this method is effected with equal advantage as by the modes now

practised, as tho heat is made to act on a large body of ore without an exhaustive,

but with an accumulative effect, so that the heat which has calcined or driven off

nearly the last portion of sulphur from the ore which lies at the exit of the furnace

then passes on, heating every successive charge, and gaining strength from the com-

bustion of the sulphur until it comes into contact with the cold charge, which it

rapidly heats to ignition, partly from the under heat of the bed derived froni the' fire,

which, after leaving the furnace, is passed to a chimney, and partly from all tlio liot

gases passing over it on their way out of tho furnace to the Antriol chamber, into

which they are conveyed after being mixed with nitrous gases, as is well known.
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As another advantage arising from the use of this invention, it is found in the

practical carrying out thereof, that the production of a given amount of sulphxu^ic

acid is effected by the expenditure of far less nitre than is commonly used, a certain

amount of sulphuric acid being formed in the chamber of the furnace and passing

forward in a state of vapour. Thus fur we have spoken of this invention as applicable

to the manufacture of sulphuric acid, but it is also applicable to roasting ores of

copper preparatory to reduction. In this application the operation is precisely that

above described, and will not, therefore, need a repetition of description, it being of

course understood that if the ores have been previously used for the manufacture of

sulphuric acid, and contain, therefore, but a small amount of sulphur, the vapours

from the chamber d may pass into the atmosphere instead of into the vitriol chamber,

if desired.

On the 14th June 1864, Mr. Peter Spence and Mr. J. B. Spence effected anotlier

patent for ' calcining and smelting copper ores.' This will be fully understood by the

following description :

—

' Our invention consists in applying the heat used in smelting copper ores to the

purpose of calcining such materials, and in transferring the calcined ores direct to

the smelting fiu-nace. To accomplish these objects, we place the two furnaces in

connection with each other, and cause a suitable flue to convey the heat used in smelt-

ing to the material to be calcined ; and when this operation is complete, and the

smelted ore is removed, we rake the calcined ore direct on to the bed of the smelting

furnace. The calcining furnace we at present prefer to use is of that construction

for which Letters Patent were granted to Peter Spence, bearing date July 3rd, 1861,

No. 1695.'

In addition to these processes, it may be stated that a company has been established

at Oldbury, in Staffordshire, for working the process know as ' Henderson's salt

process.' We have been favoured with the following description :

—

' The works are erected for the purpose of extracting the copper, and utilising the

residue from the Spanish pyrites, imported mostly by the alkali makers, and the

sulphtir extracted by them for the purpose of making sulphuric acid. We then calcine

the ore with salt in such a way as to decompose every trace of copper, and peroxidise

the whole of the iron that is not already oxidised during the burning out of the

sulphur. We then put the calcined ore into vats or tanks ; and as the chloride of

copper is readily soluble, that metal is washed out perfectly clean with hot water, and
the residue of peroxide of iron is sold at the iron works in the immediate neighbour-
hood. This is used in the puddling furnaces, and answers well for two purposes : first,

to keep the pig iron from cutting the bottom of the furnaces, and, secondly, to improve
the quality of the wrought iron produced. We sell of this residue about 600 tons per
month. The copper is precipitated from the solution by scrap iron, the precipitate

run down and refined ; and the whole of the copper is sold as B. S. ingot. We
produce 15 to 18 tons of copper per month.' See Pyhites.

Spanish Process of refining Copper.—The refining of copper is well executed at
Seville, in Spain ; therefore some account of the mode of operating is required.

The first object is to expel in a reverberatory furnace all the volatile substances,
such as sulphur, arsenic, antimony, &c., which may be associated with the copper

;

and the second, to oxidise and convert into scoriae the fixed substances, such as iron,
lead, &c., with the least possible expense and waste. The minute quantities of
gold and silver which resist oxidation cannot be in any way injurious to the copper.
The hearth is usually made of refractory sand and clay with ground charcoal,
each mixed in equal volumes, and worked up into a doughy consistence vrith water.
This composition is beat firmly into the furnace bottom. But a quartzose hearth,
such as a bed of fire-sandstone, is found to answer better, and to be far more durable.

Before kindling the furnace, its inner surface is smeared with a mixture of fire-clay
and water.

The cast pigs, or blocks of crude copper, are piled upon the hearth, each successive
layer crossing at right angles that which is beneath it, in order that the flame may
have access to play upon the surface of the hearth, and to heat it to a proper pitch for
making the metal flow.

The weight of the charge should be proportional to the capacity of the furnace, and
such that the level of the metallic bath may be about an inch above the nozzle of the
bellows ; for, were it higher, it would obstruct its operation, and, if too low, the stream
of air would strike but imperfectly the surface of the metal, and fail to effect, or
would at least retard, the refining process, by leaving the oxidation and volatilisation
of the foreign metals incomplete.

As the scoriae form upon the surface, they are drawn off with an iron rabble fixed
to the end of a wooden rod.

Soon after the copper is melted, charcoal is kindled in three iron basins lined with
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loam, placed alongside the furnace, to prepare tliem for receiving their cliargo of
copper, which is to bo converted in them, into rosettes.

The bellows are not long in action before the bath assumes a boiling appearance

;

some drops rise up to the roof, others escape by the door, and fall in a shower of
minute spherical globules. This phenomenon proves that the process is going on
well ;

and, when it ceases, the operation is nearly completed. A small jwoof of
copper, of the form of a watch-case and therefore called montre, is taken out from
time to time upon tlio round end of a polisliod iron rod, previously heated. This rod
is dipped 2 or 3 inches into the bath, then withdrawn and immersed in cold water.
The copper cap is detached from the iron rod \>y a few blows of a hammer, and
judgment is formed, from its thickness, colour, and polish, as to the degree of purity
which the copper has acquired. These watches need not bo drawn till the small rain,

above spoken of, has ceased to fall. At the end of about 11 hours of firing, the
numerous small holes observable in the first watch samples begin to disappear ; tlie

outer surface passes from a bright red to a darker hue, the inner one becomes of a
more uniform colour, and always loss and less marked with yellowish spots. It has
Jicquired the greatest pitch of piirity that the process can bestow when the watches

become of a dark crimson colour.

Care must bo taken to stop this refining process at the proper time ;
for, by unduly

prolonging it, a small quantity of cuprous oxide would bo formed, which, finding

nothing to reduce it, would render the whole body of the copper hard, brittle, and
incapable of lamination.

The tuyere being closed, the basins must be emptied of their burning charcoal, and

the melted copper allowed to fiow into them tlirough the tap-hole, which is then

stopped with loam. Whenever the surface is covered with a solid crust, it is sprinkled

•with water; and as soon as the crust is about inch thick it is raised upon hooks

above the basin, to drain off any drops, and then carried from the furnace. If these

cakes, or rosettes, be suddenly cooled by plunging them immediately into water, they

assume a fine red colour, from the formation of a film of oxide.

Each refining operation produces, in about 12 hours, l^ths ton of copper, with the

consumption of about fths of a ton of dry wood.

Care should be taken that the coi^per cake, or rosette, be perfectly solidified before

plunging it into water, othervrise a very dangerous explosion might ensue. On the

other hand, the cake should not be allowed to cool too long, lest it get oxidised upon

the surface, and lose those fine red, purple, and yellow shades, due to a film of the

suboxide, which many dealers admire.

When antimony or oxide of copper are combined with copper, they occasion the

appearance of micaceous scales in the fractured faces. Such metal is hard, brittle,

yellowish within, and can be neither laminated nor wire-drawn. These defects are

not owing to arsenic, as was formerly imagined
;
but, most probably, to antimony in

the lead, which is sometimes used in refining copper. They are more easily prevented

than remedied.

According to Mr. Frerejean, proprietor of the great copper works of Vienne,_ in

Dauphiny, too low a temperatm'e, or too much charcoal, gives to the metal a cubical

structure, or that of divergent rays ; in either of which states it wants tenacity. Too

high a temperature, or too rapid a supply of oxygen, gives it a brick-red coloiu-, ii

radiated crystallisation without lustre, or a very fine grain of indeterminate form ;
the

last structm-e being unsuitable for copper that is to be worked imder the hammer or

in the rolling-mill. The form which indicates most tenacity is radiated with minute

fibres glistening in mass. Melted copper ^vill sometimes pass successively through

these three states in the space of ten minutes.

Fig, 532 represents a roasting mound of copper pyrites in the Lower Harz, near

532

• Goslar, where a portion of the sulphur is collected. It is a vertical section of a tom-

ratcd quadrangular pyramid. A layer of wooden billets is arranged at the Oaso oi

pyramid in the line a a.
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c, a n-ootlou cliiraiiey, which stands in tho contro of tho mound, with a small pile of

charcoal at its bottom ; b b are largo lumps of ore surrounded by smaller pieces
;

./'./'. ai'O rubbish and earth to form a eovoring. A current of air is admitted under tho

billets b}' an opening in the middle of each of tho four sides of tho base, a a, so that

two principal currents of air cross under tho vertical axis, c, of the truncated pyramid,

as indicated in the figure.

Tho fire is applied, through the chimney, c, to_ the charcoal at its bottom ; the

pile, b b, is kindled, and the sulphurous ores are raised to such a high temperature as

to expel the sulphur in the state of vapour.

In the Lower Harz a roasting mound continues burning during four months. Some
days after it is kindled the sulphur begins to exhale, and is condensed by the air at
the upper surface of the pyramid. When this seems impregnated with it, small
basins are excavated, in which some liquid sulphur collects ; it is removed from
time to time with iron ladles, and thrown into water, where it solidifies. It is then
refined and cast into roll brimstone.
A similar roasting mound contains, in the Lower Harz, from 100 to 110 tons of

ore and 730 cubic feet of wood. It yields in four months about one ton and a half
of sulphur from copper pyrites. Lead ore is treated in the same way, but it fm-nishes
less sulphur.

There are usually from 4 to 5 roasting heaps in action at once for each smelting
works of the Lower Harz. After the first roasting two heaps are united to form a
third, which is calcined anew, under a shed ; the ores are then stirred up and roasted
for the tliird time, whence a crude mixture is procured for the smelting-house.
The most favourable seasons for roasting in the open air are spring and autumn

;

the best weather is a light wind accompanied with gentle rain. When the wind or
rain obstruct the operation, this inconvenience is remedied by planks distributed round
the upper surface of the truncated pyramid over the sulphur basins.

Wet Methods of Exteacting Coppbe.

The Process of extracting Copper fo-om Ores, at the Mines in the Bio Tiiito District,
Province of Huelva, Spain, by what is termed ' Artificial Cementation.'—This method,
which was first applied here by Don Felipe Prieto, a mine proprietor of Seville, in the
year 1845, is the only one employed in the present day in the copper-mines of that
district.

_

The operation begins with the calcination of the ores, previously reduced to small
pieces

; piles or heaps of these ores (sometimes in the form of cones) are made on
beds of stubble fire-wood of about a yard thick ; each pile is made up with from 400
to 500 tons of mineral, and allowed to burn for six months ; the smoke destroying
all vegetation within its reach.

_
The ores, after being thus burnt or calcined, are tlirown into wooden troughs let

into the ground, about 6 yards long, 4 wide, and l-J- deep, called ' dissolvers.' In
each of these troughs, or cisterns, are ' placed about twelve tons of calcined ore and
the trough is then filled with water ; which water is, after remaining in contact 'with
the ores for forty-eight hours, drained oflF into a similar trough placed at a lower level
and caUed a ' depositor.' The ores remaining in the dissolver are covered by a second
quantity of water, left on, this time, for three days ; and the process repeated four
times successively, the water being always drained off into the same depositor
•

. T ^ •
^,^P°S3to^s the water flows on to another set of troughs called ' pilones

'

into which IS placed a quantity of pig iron, broken into pieces of about the size of bricksand piled loosely together so that the vitriol in the water may better act on its whole sur-
face. Each of these troughs (pilones) will hold from 12 to 18 tons of pig iron Cwroueht
iron answers the purpose as well, but it is much more expensive); and, as experieLe
•has demonstrated that a slow continuous movement in the water hastens the processa man IS employed for the piirpose of agitating it, until all the copper suspended ii^
tlie vitriol-water is deposited which, m summer, is effected in about 2 days, and infrom 3 to 5 days m winter. After the water has been renewed four or five times andthe agi ation process repeated, the scales of copper deposited on tho iron, as wdl asthat in the form of coarse grains of sand found in the bottom of tho trough, are col!lected together, washed, and melted, when it is found to produce from 65 to 70 per centof pure copper.

w
< « jjui ct-m,.

From the remains of the first washings of tho above copper-scales, &c., anotherquality is obtained, worth about 50 per cent, for copper, which is mixed ^ith the

f!^ar '
^^'l passed on to the rmeltin|

The method is very defective. Minerals containing 5 per cent of P^r,r^o,. + ^ j
by this system of reduction, will «.rcely give a produce of? ^er'ont.TSt mett
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It is, howovor, the only motliod that has hitherto been profitably employed in tlio

Eio Tinto district.

The produce of some of the mines of this district is under 1 per cent, About 2,500

tons of tlio richest of tho ores produced by the mines in the liio Tinto district, are

shipped from Huolva, a port near Seville, for England ; and the result lias been that

a very large industry has been created. See Pyeites.
The Process of extracting Copperfrom the Water that drains out oftlie Mine, at Ith

Tinto, called the ' System of Natural Cementation' {Precipitation).—The mine worked

by tho Spanish Government at llio Tinto is formed in a mass of iron pyrites containing

copper ; and its immense labyrintli of excavations is known to extend over a length

of 600 yards and n -width of 100 yards (and prcbaTily to a much greater extent)

;

tho earliest of which workings must date back to very remote times ; for in tho dif-

ferent excavations are still to be found the impressions of hands, evidently guided by

the science of the ancients, middle ages, and of more modern times.

Tho sixth, or lowest level in tho mine, where all the operations of tho present day

are carried on, is 80 yards deep (from the top of the hill in which tho lode is found),

and it is from this level that the mine is (naturally) drained by an adit. From the

roof, at tho extreme end of a gallery at this level, flows, from an unknown source, a

stream of water rich in copper, which, together with the drainage from other points

of the mine, is directed through a channel to the adit ' San Eoque,' that empties its

waters at tho foot of the hill, where the copper is extracted.

An able engineer has thus explained the phenomena of ' natural cementation
:

'

—

' The natural ventilation through the open excavations of this mine, combined with

the humidity of the ground, produces a natural decomposition of the materials com-

posing the lode or vein, and thereby forming sulphates of iron and copper, which the

water is continually dissolving and carrying off, thus forming the substance of this

" natural cementation."

'

This said adit ' San Eoque,' which empties its waters on the south sido_ of the

hill, has placed in it two wooden launders, or channels, about 12 inches wide and

15 inches deep, and (in the year 1853) 400 yards long ; in the bottom of these

launders are placed pieces of pig iron, and to tliis iron adhere the particles of copper

which the slowly-flowing water contained in solution. In ten days the iron becomes

coated with copper, so pure as to be worth 80 per cent, for fine-copper, and so

strongly formed in scales as to resist to a certain extent the action of a file, and give

a strong metallic sound on being struck with a hammer. At the expiration of ten

days, or earlier, the scales of copper so formed on the iron are removed, that the surface

of the iron may be again exposed to the action of the mineral water ; and the process

repeated to the entire extinction of the iron. The copper thus obtained passes at once

to the refining furnace. . .
,

Since 1853 it has been discovered that the water escaping from the launders in the

adit, 400 yards long, still contained copper, and they have been lengthened to nearly

1,000 yards -with good effect. ^-d- m-* i,f
The production of copper by cementation is carried on not only at Kio linto, but

also at the Tharsis Mines in Spain, and at San Domingos in Portugal.

Unz Copper Process.—At Linz on the Eliine, and some other localities in Ger-

many, the poorer sulphides of copper, containing from 2 to 5 per cent, of that metal,

are treated by the following process :—
i

• „
The ores coming directly from the mine, and without any preliminai-y dressing,

are first roasted in a double-soled furnace, and then taken to a series of tanks sunk in

the ground, and lined with basalt. These tanks are also provided with a double

bottom, likewise formed of basalt, so arranged as to make a sort of permeable dia-

phrS, and on this is placed the roasted ore, taking care that the coarser fragments

are charged fijst, whilst the finer particles are laid upon them. ^
Th7 cavity thus formed between the bottom of the tank ^^^^"^^

^^^^J^^^^,
false bottom! is connected, by means of proper flues, with a series of oblong retorte,

through each of which a current of air is made to pass from a ventilator, or a pair of

large bellows, set in motion by steam or water power.
, , . ,<.^„^i,p-„forv

In order to use this apparatus, a quantity of ore is roasted in the ^eTorberato^

furnace, and subsequently placed in the tanks, taking care that the first layer shall be

in a coarser state of division than those which succeed it.
• ,

•
i,, 1 font

The Setorts-which are formed of fire tiles, and are about 6 inches in height hy l foot

in m\ltlS in length-are now brought to a red heat, charged mth blende,

'-"^^^t^ thus formed is forced by the draught through tlie flue, ^h-

it becomes' mixed with nitrous fumes, obtained from a mixture of
^^^J^

°™
sulphuric acid, and ultimately passes into the chambers bene.-i h t e d,n^^^^^^

which are laid the roasted ores, which must be previously damped by tlic addition
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little water, of •which a small quantity is also placed in the bottoms of the tanks.

The sulphuric acid thus generated attacks the oxide of copper formed during the pre-

liminary' roasting, giving rise to the production of sulphate of copper, which percolates

through the basaltic diaphragm into the reservoir beneath.

The liquors which thus accumulate arc from time to time distributed over the

siu-face of the ore, and the operation repeated until the greater portion of the copper

has been extracted, when, by shifting the damper, the gases are conducted into

another tank similarly arranged. The liquors from the first basin are now pumped
into the second, and the operation continued until the ores which it contains have
ceased to be acted on by the acid. When sufficiently saturated, the liquors are drawn
off into convenient troughs, and the copper precipitated by means of scrap iron. The
sulphate of iron thus formed is subsequently crystallised out, and packed into casks

for sale.

On removing the attacked ores from the tank, the finer or upper portions are thrown
away as entirely exhausted, nearly the whole of the copper having been removed from
them, whilst the coarser fragments are crushed and re-roasted, and finally form the
upper stratum in a subsequent operation.

It has been found that, by operating in this way, ores yielding only 1 per cent, of
copper may be treated with considerable advantage, since the sulphate of iron pro-
duced, and the increased value of the roasted blende, are alone sufficient to cover the
expenses of the operation.

By this process, 3 cwts. of coal are said to be required to roast one ton of ore, whilst
the same quantity of blende is roasted by an expenditure of 4 cwts. of fuel.

Treatment of Copper Ores by Hydrochloric Acid.—At a short distance from the village
of Twiste, in the Waldeck, several considerable bands of sandstone, more or less im-
pregnated with green carbonate of copper, have been long known to exist. Although
varying considerably in its produce, this ore, on the average, yields 2 per cent, of
copper, and was formerly raised and smelted in large quantities ; but this method of
treatment not having apparently produced satisfactory results, the operations were
ultimately abandoned.
The insoluble nature of the granular quartzitic gangue with which the copper is

associated, suggested, some years since, to Mr. Ehodius, of the Linz Metallurgic
Works, the possibility of treating these ores by means of hydrochloric acid, and a large
establishment for this purpose was ultimately the result. The following is a descrip-
tion of this process, as witnessed by Mr. J. A. Phillips, in 1856 :—

These works consist of a crushing mill, for the reduction of the cupreous sandstone
to a small size, 16 dissolving tubs, and a considerable number of tanks and reservoirs
for the reception of the copper-liquors and the precipitation of the metal by means of
scrap-iron. Each of the 16 dissolving tubs is 13 feet in diameter, and 4 feet in depth,
and furnished with al arge wooden revolving agitator, set in motion by a run of over-
head shafting m connection with a powerful water-wheel. This arrangement admits
of the daily treatment of 20 tons of ore, and the consequent production of from 7 to
8 cwts. of copper. Each operation is completed in 24 hours, the liquor being removed
from the tanks to the precipitating trough by the aid of wooden pumps. The ore is
sto-ped and brought into the works at 45. per ton.
The acid employed at Twiste is obtained from the alkaU works in the neighbour-

hood of Frankfort contains 16 per cent, of real acid, and costs, delivered at the works,
2s. per 100 lbs. Each ton of sandstone treated requires 400 lbs. of acid, which is
diluted with water down to 10 per cent, before being added to the ore. Every ton of
copper precipitated requires l\ ton of scrap iron, at U. 5s. per ton

These works yielded in 1857, 120 tons of metallic copper, and afforded a net profit of
nearly 60 per cent. The residues from the washing vats, run off after the operation,
contained but ith per cent, of copper.

_
The works at Twiste were ultimately abandoned on account of a falling off in the

yield of the ores. °

EuTnid Process of extracting Copper from Burnt Cupreous Pvrites.—YeTv larse
quantities of cupreoiis pyrites, amounting in the aggi-egate to about 400,000 tons perannum, are imported into this country from Spain and Portugal. The sulphm- is
utilised m the manufactiiro of sulphuric acid, and from the burnt residue the large
quantity of 1,200 tons of copper is annually extracted.
The burnt pyrites ^mtains on the average 2^ to 3 per cent, of sulphur, and 3 to 3i

percent, of copper. The extraction of the latter is effected as follows -—The ore is
gi-ound between rolls or under edge runners, and a sufficient quantity of unbui-nt
sulphur added to it to raise the per-centago of sulphur to an amount slightly in excess
of the copper, at the same time a sufficient quantity of salt, to convert the copper intochlondo, IS introduced. This mixture passes through a sieve of about 36 holes to tliesquare inch, and is then ready for roasting, wliicli is commonly effected in reverbera
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.to^7 flu.nacc^s Imving flues bonoatli Llio led through wliicli tho flanio passes bofortcounug luto contact witli tlio ore. The furuaces are sometimes supplitS .viLh ir Se'pendent fireplaces, but more frequently a series of them is worked by gas generatedn biemens s producers. A form of furnace is also employed, in some cases, in ^.hSthe ore is placed jn a sort of muffle, between which and tlio outer walls of the furnaces
the flames are allowed to play; i„ tliis arrangement tho flame and products of com-
bastion do not come into contact witii tho ore
The mixture is charged into the furnaces through hoppers in the arch, and spread

evenly oyer the bed to a depth of 4 to 6 inches, a charge usually consisting of about 3
tons tins is stirred and rabbled from time to time in order to expose fresh surfaces
to oxidation, the temperature not being allowed to exceed a dull redness. Hydro-
chloric acid IS evolved during the roasting, and is conveyed to a condenser, from
which a weak acid solution is obtained, which is subsequently employed in the lixi\'ia.
tion of the roasted ore.

/ r j

After the expiration of about 6 to 6i hours tho whole of the copper in the ore
sliould have been converted into a soluble chloride : a sample is taken from each
furnace and washed tw© or three times with hot water and a little dilute hydrochloric
acid, the residue is then treated with nitric acid, and tho solution obtained rendered
alkaline hy the addition of ammonia ; should more than a trace of blue colour be dis-
cernible in the solution, the sulphide of copper in the mixture has not been decomposed,
and the roasting must be prolonged until a satisfactory test can be obtained. The
charge is then drawn out on to the floor of the furnace-house and allowed to cool con-
siderably, after which it is transferred in iron tram-waggons to wooden lixiviating
vats capable of holding about 16 tons, and provided with false bottoms, over which a
layer of cinders is spread to serve as a filter.

The hot roasted ore is then treated with hot water, and finally with a little hydro-
chloric a,cid

; the stronger solutions are ready for precipitation by means of metallic
iron, whilst the weaker are run into a reservoir, whence they are pumped back and serve
as washing-water to a fresh lot of furnaced ore, and so in turn become strong solutions.

_
In many works the silver present in these solutions is, previously to the precipita-

tion of the copper, extracted by Glaudet's process, which consists in mixing with them
a quantity of a soluble iodide, usually that of potassium, sufficient to combine with
the silver present, which amounts to from 3 to 4 grains per gallon. The insoluble
iodide of silver is allowed to subside, and the copper solution drawn off from it into
the precipitating vats.

When a considerable quantity of iodide of silver has been collected, it is well washed
to free it from copper, and whilst suspended in water, metallic zinc in thin fragments
is added, and the whole kept boiling by a jet of steam. The iodide of silver is thus
decomposed, and metallic silver and solution of iodide of zinc produced ; the latter
serves to precipitate a fresh quantity of silver, whilst the former after being dried is

ready for the smelter.

The copper present in the strong solutions is precipitated in large wooden vats, by
immersing in them scrap wrought iron ; if the solution be kept boiling by a steam jet,

the precipitation is completed in about 12 hours. The spent liquid, which is valueless,
is drawn off by a siphon from the precipitated copper, and the latter freed from iron
by washing through perforated plates. After being allowed to drain, the precipitate
is dried on a bed of fire-tiles heated by flues passing beneath, and is then ready for
smelting ; it contains, on the average, 70 to 75 per cent, of fine-metal.
The material from which the copper has been washed should contain about ^th per

cent, of that metal, and when good pyrites have been used, consists almost entu-ely of
sesquioxide of iron : it is largely employed imder the name of ' Purple ore ' or ' Blue
Billy ' for the fettling of puddling furnaces. See Pykites.

Alderley Edge in Cheshire.—The hydrochloric acid process is, at the present time,

carried on to a considerable extent at Alderley Edge in Cheshire, where the ore is in

many respects similar to that at Twiste, with the exception that in the last-mentioned
locality, mechanical agitation is dispensed with, and the acid is pumped from beneath
the false bottom of one tank to the top of the next, in order that the whole solvent •

power of the acid may be utilised. The hydrochloric acid process was originally in-

troduced at Alderley Edge by Mr. W. Henderson, who protected his method by a pro-

visional Specification, dated September 30, 1857. Another specification was filed by
Mr. Henderson in 1859, which included the extraction of copper from pyrites by con-

verting the copper into chloride by calcination with common salt—a process similar to

that originally suggested by Mr. Longmaid, and now extensively applied to the

treatment of burnt pyrites. The sandstone of the curious elevation above the plain

of Cheshire, known as Alderley Edge, is impregnated with copper existing in the state

of blue and green carbonates. The bods conttiining this copper lie ut a short

distance below the surface, and are therefore easily worked.
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The quantities of ore raised and copper obtaiiied are given as follow in the 'Mineral
Btatistics ' for the last fo-w yeai-s :

—

Years Ore Fine Copper

Tons Tons Cwts.
1865 . . . . 14,904 207 9
1866 .... 15,040 189 10
1867 .... 15,152 182 7
1868 .... 15,016 165 4
1869 13,240 260 0
1870 .... 6,836 135 0
1871 • . . . 8,608 172 0
1872 .... 6,258 130 0

Mona and Pari/'s Mines, Anglesca.—The waters draining from the enornioiis lion]!.^

accumulated from the old and remarkable workings of these mines are collected in

large ponds and precipitated by iron. In 1872, the Mona Mine produced 2,400 tons of
copper ore, but there was no precipitate ; but Pary's Mine produced 155 tons of preci-

pitate and 2.813 tons of copper ore.

WicMow Mines.—Similar precipitating processes were carried on in these mines.
The process is thus described by Mi-. W, W. Smyth, in his ' Mines of "Wicklow and
Wexford '

:

—

From a letter of the Eev. "William Henry, D.D., inserted in the 'Philosophical
Transactions ' for 1752, we learn that the existence of copper in solution in the water
flowing from Ballymurtagh has only lately been discovered by accident, but had
given rise to extensive apparatus where 500 tons of iron were at the same time
employed to effect the precipitation of the costlier metal. The mode of operating was
very rude

;
pits were dug, 10 feet long, 4 feet wide, and 8 feet deep, floored with flags

and lined with stone, and the iron bars were laid on rough wooden beams fixed across
from wall to wall. Dr. Henry's statement of the everlasting efficiency of the water,
shows that, by him at least, the rationale of its action was little understood. ' Chains
of these pits are continued along the stream, as far as the directors please, for the
water never abates of its quality, if it were conveyed from pit to pit through a
thousand.'

By this mode a ton of the precipitant obtained from the pits yielded 16 cwts. of the
finest copper. Dr. Eutty states, that in seven years previous to 1765 the Cronebane
water had yielded 17,260^., from precipitate-copper; the precipitate aflfbrding above
half of pure metal.

Towards the close of last century, copper was obtained by the same means at
Cronebane and Tigroney. According to the ' Journal des Mines,' vol. iii., it was
usual to add to the strength of the solution, by placing in the water a quantity of
poor pyritous ore which has undergone a jirocess of roasting. The form of the pits is
not described, but the ratio of pure copper to the precipitated powder was only 0-328.
The quantity of precipitate or cementation-copper exported to England was, in 1788

Hi tops; in 1789, 37 tons; in 1790, 59j tons.
During Mr. Weaver's management, the water was run into tanks in which the

muddy particles were allowed to subside, and then passed into pits filled with plate and
scrap iron

;
the quantity precipitated during that series of years was 442^ tons, which

sold on an average at 211. 8*-. 9a;. per ton, being in aggi-egate value 12,126^ • whilst
the consumption of iron was rather less than one ton to the ton of the precipitate
• At the present date the water is economised at all the Ovoca Mines, but by a some-
what different method it is led through a series of narrow troughs or launders, inclined
at angles of 10 or 12°, and interrupted at intervals by a deep chest or 'hutch ' At
Tigroney the precipitate is swept down with brooms every night and morning into the
hutches, the contents of which are afterwards mixed, and realise 50 to 60 per cent of
copper. The expenses of obtaining it are about 3^. per ton for attendance, siftiu<r &cAt Connario people are kept sweeping down the launders throughout the day bv which
means the precipitate, although more rapidly collected, is more impui-e, vieldincr but
43 to 54 per cant, of copper.

r
> j o

M. Bischoffjunr. has patented a process for obtaining copper by precipitation whichcertamly effects the separation of the copper with great readiness, and, as he assures
us, with great economy. His process differs from any other in the circumstance ofhis obtaining the iron in a peculiar condition. He takes the ordinary iron writes{Mundw), and reduces this to a stfite of coarse powder. This is then mixed with cokAand exposed to heat in close furnaces. Tlio sulphur is volatilised, and the inlan
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descent coke absorbing all the oxygen, the iron is i^ovonted from oxidisins and itremains in a metallic state combined with some carbon. When this process is com-
pleted the powder is drawn off into close vessels and kept until required for use
carefully yarded from the air. If this preparation is thrown into a solution of
sulphate of copper, there is a violent action, and the copper in a metallic state is at
once thrown down. In practice, M. Bisclioff prefers spreading out tliis preparation
in thin layers, and passing the copper water through it. The process Las been in
use at some of the works on tlie banks of tlie Dee, and, as wo understand, considerable
success has attended its use. The only difficulty appears to bo in preserving the finely-
divided metallic iron from oxidation, which is essentially necessary to the success of
the process.

Mr. S. Higgs junr. has greatly accelerated the process of precipitation by forcing
stoam through the solution of copper in which pieces of iron have been placed. This
process has been successfully applied by him at Huel Margery copper-mine, St. Ives,
Cornwall.

Allots of Copper.—Copper forms the basis of a greater number of important
alloys than any other metal. "With zinc it forms brass in all its varieties. SeeBnAss.

Bronze and l)ell-metal are alloys of copper and tin. This compound is prepared in
crucibles when only small quantities are required ; but in reverberatory hearths, when
statues, bells, or cannons are to be cast. The metals must be protected as much as
possible during their combination from contact of air by a layer of pounded charcoal,
otherwise two evils would result ; waste of the copper by combustion, and a rapid
oxidation of the tin, so as to change the proportions and alter the properties of the
alloy. The fused materials ought to be well mixed by stirring, to give uniformity to

the compound. See Bell-LIetal ; Beonze.
By an analysis of M. Berthier, the bells of the pendules, or ornamental clocks,

made in Paris, are found to be composed of copper 72'00, tin 26'56, iron 1"44 per cent.

An alloy of 100 of copper and 14 of tin is said by M. Dussaussy to furnish tools,

which, hardened and sharpened in the manner of the ancients, afford an edge nearly

equal to that of steel (?).

Cymbals, gongs, and the ta7n-tams of the Chinese are made of an alloy of 100 of

copper with about 25 of tin. To give this compound the sonorous property in the

highest degree, it must be subjected to sudden refrigeration. M. D'Arcet, to whom
this discovery is due, recommends to ignite the piece after it is cast, and to plunge it

immediately into cold water. The sudden cooling gives the particles of the alloy

siich a disposition that, with a regulated pressure by skilful hammering, they may be

made to slide over each other, and remain permanently in their new position. When
by this means the instrument has received its intended form, it is to be heated and
allowed to cool slowly in the air. The particles now take a different arrangement

from what they would have done by sudden refrigeration
; for, instead of being ductile,

they possess such an elasticity, that, on being displaced by a slight compression, they

return to their primary position after a series of extremely rapid vibrations ; whence

a very powerful sound is emitted. Bronze, bell-metal, and probably all other alloys

of tin with copper, present the same peculiarities.

Some valuable researches on alloys of copper and tin have recently been made by

M. Alfred Eiche {Annales de Chiinie ct de Physiqiie, xxx. [4], 1873, p. 361). It has

been asserted that the Chinese work their bronze at a red heat, but M. Eiche has

succeeded in making tam-tams by manipulating his bronze at much lower tempera-

tures.

The bronze-founder should study to obtain a rapid fusion, in order to avoid the

causes of waste indicated above. Eeverberatory furnaces have been long adopted for

this operation ; and among these, the elliptical are the best. The furnaces with

spheroidal domes are used by the bell-founders, because,^ their alloy being more fusible,

a more moderate heat is required ; however, as the rapidity of the process is always

a matter of consequence, they also would find advantage in employing the elliptical

hearths. Coal is now universally preferred for fuel.

Tlie process of coating copper with tin exemplifies the strong affinity between the

two metals. The copper surface to be tinned is first cleaned with a smooth sand-

stone ; it is then heated and rubbed over with a little sal-ammoniac, till it be perfectly

clean and bright ; the tin, along with some pounded resin, is now placed on the copper,

which is made so hot as to melt the tin, and allow of its being spread over the surface

with a dossil or pad of tow. The layer thus fixed on the copper is exceedingly thin.

Bayen found that a copper pan, 9 inches in diameter and 3} inches deep, being

weighed immediately before and after tinning, became only 21 grains heavier. JSow

as the area tinned, including the bottom, amounted to 155 square inches, 1 grarn ot

tin had been spread over nearly 7^ square iiichns ; or only 20 grains over evers' sq. loot.

Copper and Arsenic form a white-coloured alloy, sometimes used for the scales oi
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thermometers and barometers, for dials, candlesticks, &c. To form tins compound,

successive layers of copper clippings and white arsenic are put into an earthen crucible ;

which is then covered with sea-salt, closed mth a lid, and gradually heated to redness.

If 2 parts of arsenic have been used with 5 of copper, the resulting compound com-

monly contains one-tenth of its weight of metallic arsenic. It is white, slightly

dxictile, denser, and more fusible than copper, and without action on oxygen at ordinary

temperatures ;
but, at higher heats, it is decomposed with the exhalation of arsenious

acid. The white copper of the Chinese consists of 40-4 copper; 31-6 nickel ;
25-4

zinc*; and 2-6 iron. This alloy is nearly silver white; it is very sonorous, well

polished, malleable at common temperatures, and even at a cherry red, but very brittle

at a red-white heat. When heated with contact of air, it oxidises, burning with a

white flame. Its specific gravity is 8-432. When worked with great care, it may
be reduced to thin leaves and wires as smaU as a needle. See German Silver,

Tutenag, formerly confounded with white copper, is a_ different composition from

the above. Keir says it is composed of copper, zinc, and iron ; and Dick describes it

as a short metal, of a greyish colour, and scarcely sonorous. The Chinese export it,

in large quantities, to India.

M. Pelouze states that an alloy of equal parts of copper and nickel is greatly pre-

ferable to an alloy which contains also zinc. Even 2 of copper and 1 of nickel form a

valuable alloy. See Pyrites (Iron).

Copper, Statistics of.—During a term of about 30 years, the copper-mines have

sold their ores at the public sales. The following Table, from ' Eecords of Mining and

Metallurgy,' by Messrs. Phillips and Darlington, represents the progress of copper

mining &om 1726 to 1855 :

—

Copper Ore raised and sold in Cornwall and Devon in Decennial Periods for 126

Years, from 1725 to 1855.

Date

1726
1736
1746
1756
1766
1776
1786
1796
1806
1816
1826
1836
1846

to 1735

„ 1745

„ 1765

„ 1765

„ 1775

„ 1785

„ 1795

„ 1805

„ 1815

„ 1825

„ 1835

„ 1845

„ 1855

126 years

70 years

Tonnage
of Ore

tons

64,800
75,520
98,790

169,699

264.273
304,133
229,169
664,037
726,308

926,271

1,352,313

1,486,840

1,622^152

7,884,305

Tonnage
of

Copper

86,496

53,588

62,550
75,986

108,801
111,770

123,259

672,450

Amonnt

473,500
660,106
731,457

1,243,045
1,778,337

1,827,006

1,259,724
5,003,191

6,056,260

6,044,627

8,088,220
8,547,059

9,251,916

60,964,388

Average
annual
Amount

£
47,350
56,010
73,145

124,304
177,833
182,700

500,319

605,626
604,462

808,822
854,705

925,191

ATcrage
annual

Tonnage of
Ore

tons

6,480
7,552

9,879
161,970

26,427
30,413

56,403
72,630
92,627

135,231
158,840
162,125

Average
Produce

12

gj*

8

74
7i

8%

Price per
Ton of

Copper Ore

8. d.

15 10
8 6

8

6

14
0

17
6

10
19
15

5 14 10

Inc. of
Copper
Ore

1-00
1-16
1-52
2- Gl
4-10
4-69

8*70

11-20
14-29
20-86
22-94

25-03

Prom 1855 to 1866 the following have been the quantities of copper produced in

Cornwall and Devonshire :

—

Date Copper Value of Fine Copper Mean Average Average
Average
per cent,

produce
Ore Ore produced Price of Copper Standard

tons £ tons & .1, £ s.

1856 206,177 1,241,835 13,533 123 0 103 13

1857 191,798 1,201,270 12,179 124 0 140 7 6f.
1858 182,391 1,057,534 11,831 108 2 131 14 6*
1859 181,848 1,096,207 11,827 110 7 133 6

1860 180,883 1,065,376 11,797 107 13 133 18 n
i 1861 180,778 1,004,915 11,486 102 12 130 1

! 1862 183,313 928,213 11,662 100 12 127 13 6J^-1.

6^

el
.

6i

1,863 169,971 832,152 10,896 98 17 120 9

1864 165,611 854,116 10,373 101 8 ! 124 17
1865 169,409 753,427 9,850 94 7 1 125 3
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Simmart/ of Produce of Copper Ore and Copper for each of (he 7hi Years endlna 187 '

wUh the respccdvo Values and the Number of Mines worked.

ConNWAix.

Year

1863
1864
1865
1866
1867
1868
1869

1870
1871

1872

No. of
Copper Ore Value Copper Vftluc

166
tOllH tons £

129,229 612?944 8,411 831,417
173 127,633 659,919 7,963 807,532
148 121,253 672,018 7,413 699,432
130 103,670 431,083 6,551 600,720
109 88,603 413,533 5,990 493,875
100 86,722 373,005 5,725 450,986
84 71,790 316,364 5,144 398,698
77 56,526 242,227 4,147 331,337
79 46,766 205,025 3,340 258,850
63 41,414 225,402 2,926 306,757

Detonshibe.

Year No. of

llines
Copper Ore Value Copper Value

tons £ tons £
1863 24 40,742 189,208 2,485 245,701
1864 19 37,978 194,197 2,309 234,162
1865 21 38,156 184,776 2,337 223,497
1866 21 34,471 151,481 2,248 206,141
1867 23 31,163 143,898 2,036 167,867
1868 20 30,540 128,748 1,941 152,900
1869 18 22,723 86,056 1,394 108,040
1870 15 24,752 84,096 1,458 105.970
1871 14 24,352 79,409 1,342 104,005

1872 12 23,972 89,841 1,203 124,641

Summaryfor the United Kingdom during the last Ten Years.

Year No. of

Mines
Copper Ore Value Copper ' Value

tons £ tons £
1863 222 210,947 1,100,554 14,247 1,409.008

1864 201 214,604 1,155,471 13,302 1,350,099

1865 203 198,298 927,938 11,888 1,134,604

1866 173 180,378 759,118 11,153 1,019,108

1867 164 158,544 699,693 10,233 831,761

1868 152 157,335 642,103 9,817 701,602

1869 136 129,953 619,912 8,291 654,005

1870 124 106,698 437,851 7,175 551,309

1871 122 97,129 387,118 6,280 475,143

1872 117 91,893 443,738 5,703 683,232

Copper Assayiko.—The substances -which are submitted to assay for copper arc

various ores of copper, slags, and other metallm-gical products, commercial varieties

of copper and its alloys. The assays are made by the dry and wet methods.^

Dry Assay. 1. English or Cornish method.—This process is very extensively em-

ployed in England ; all the copper ores being bought and sold by this method. Tlio

mode of working by this method varies somewhat as to the manipulation, nature, and

proportion of fluxes, form of apparatus, and other minute details ; but it may bo

regarded as consisting essentially of the four following processes :

—

1. FifswM rc(72<ZMS, or sulphide of copper and iron.

2, Roasting or Calcination of the regulus into oxides of copper and iron.
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3. Beduciion or Fusion for coarse-co2)per ; the oxide of copper being reduced to motal,

and the oxide of iron retained in tlie slag.

4. i?f:^?t2«(7 of the coarse-copper.
- , ,

All the ores of copper, even rich carbonates, are submitted to the whole of the aboro

processes by some assayers ;
part of the processes are dispensed with by others, and the

rich oxidised ores fused direct for coarse-copper, regulus and calcination.

533Furnace mid Implements. A wind-furnace

or air-furnace—Fig. 533 represents a vertical

section of a furnace suitable for assaying

copper ores : a, the fire-place, lined with fire-

brick, 9 inches square by 12 inches deep; b, the

ash-pit; c, flue or stack; rf, damper, e, fire-

brick covers of two sizes, each clamped with a

piece of flat bar-iron
; /, register or iron ash-

pit door, provided with a revolving disc of

sheet-iron, about inches diameter, having a
semicircular opening

; g, the fire-bars of cast-

or wrought-iron. The draught is regulated by
means of the damper, the register, or by partly

removing the fire-brick cover. The fuel used

is coke.

Cornish Crucibles of three sizes, (see Assay).

Copper scoop, fig. 535, 12 inches in length, 4

inches in width at the widest part, and 1;^

inch at the mouth, provided with a handle

about 7^ inches in length, for projecting the

fluxes into the crucible. Iron mould, fig. 534,

having two hemispherical cavities, each 1^ inch

in width and -Iths of an inch in depth. Calcining

rod, fig. 537, 28 inches in length, inclusive of

the blade 4 inches in length. Crucible tongs,

fig. 536, represents those used for general assay

purposes, those employed by copper assayers

are of a different shape and larger dimensions.

Fb(x spoon or ladle, sieves, pestle and mortar,

.

anvil, hammer, chisel, forceps. Balance; it .
•

should carry 500 grains, and turn with from ^fii. to g^gth of a grain. Weights
;
grain

weights are convenient, "but special weights are used by copper assayers : the heaviest is

634 635 636 637

marked 100, and weighs 400 grains, the unit being subdivided into ^, ^, and -i-.

Fhtxes. Those employed arc, borax calcined
; glass, green or white, free from oxide
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of load

;
tartar ov argol

; lime dry
; Jluor-apar, froo from copper or lead ; nUre ; charcoal,powder; carbonate of soda driod; salt; sulphur; zVow pyrites, free from copper or *u/-phulc oj iron liejmmg flux ; the product obtained by deflagrating a mixture of from

2 to 2:^ parts by measure of tartar, 3 of nitre, and 1 of salt.—(See Assay). The fluxes

i^gaiTd
"^oasurod, but the better plan is to weigh tliem, ospeciaUy until experience

_

For purposes of assay by this metliod, the ores, &c. maybe conveniently divided
into

: 1. Ores containing over 30 per cent, of copper : a, oxides, carbonates, silicates, &c.,
vvliich require fusion for coarse-copper and refining; b, various sulphides compamtivoly
pure or containing arsenic or antimony, which require calcining ' sweet,' fusion for
coarse-copper and refining; 2. ores containing less than about 30 per cent, of copper,
wliicli require the fusion for regjdus

; a, yellow copper ores, with or without iron pyrites'
blonde, galena, &c., which require partial calcination or warming, or the addition of
nitre, or both, to remove the excess of sulphtcr

;
b, grey copper ores, poor oxides, car-

bonates, silicates, and poor antimonial and arsenical copper ores, whicli have been
roasted sweet, which require the addition of sulphur or o/ sulphur and iron or iron
pyrites to yield a proper regulus ;

c, purple copper ore, mixed oxides and sulphides,
which yield a proper regulus by direct fusion.

To assist in forming an opinion as to the character of the ore, nature of the
associated vein-stuff, and approximate per-centage of copper, a portion of the sample
may be vanned or washed, calcined, or tested by the mouth blowpipe, or by a pre-
liminary fusion for regulus. This will enable the assayer to determine beforehand
how the ore is to be treated.

For the formation of a proper regulus, containing about 60 per cent, of copper, the
following data may serve as a guide :

—

100 grains of copper pyrites will require about 75 grains of nitre to yield a good
regulus.

100 grains of iron pyrites will require about 180 grains of nitre to oxide it, and
cause it to j)ass into the slag.

100 grains of grey copper ore or disulphide of copper will require about 60 grains

of sulphide of iron, about 82 grains of iron pyrites, or about 65 grains of ha&matite and
excess of sulphur to yield a proper regulus.

The quantity of ore operated on will vary from 100 to 400 grains according to

amount of copper present.

Process : Fusion for regulus.—The largest size Cornish crucible is employed. The
raw or calcined ore is mixed with the appropriate fluxes ; about from 150 to 200 grains

each of lime, glass, borax, and fluor-spar, will form a suitable mixture for many ores.

The nitre, or iron pyrites or sulphur, is added according to circumstances. The crucible

and its contents are submitted to a high temperature for about 15 minutes, and when
tranquil the fused products are poured out into the iron mould, fig. 534. "When the

slag has set, the whole is dipped into water, removed, and when cold the regulus

afterwards carefully detached from the slag. A good regulus is reddish-brown in

colour, very tender, and easily reduced to powder ; it should contain about 50 per cent,

of copper, but may vary from 40 to 60 per cent. If the regulus is too coarse it resembles

iron pyrites or copper pyrites in- appearance, and contains too much iron and sulphur,

and the ore requires more calcining, or the addition of more nitre during fusion. If the

regulus is too fine, it is black in colour, hard, and the external surface is very smooth

and bright : it indicates that the ore requires more sulphur or iron pyrites, or a sub-

stitute for them in the fusion. The slag should be uniform in colour, but it may be

white, green, or black, according to the nature of the ore. It should be free from all

trace of red colour, which would indicate the presence of copper. The slag should be

examined for any shots of regulus.

Boasting or calcination.—The smallest or intermediate-sized crucible is used according

to the weight of the ore or regulus. A dull fire is required to commence witli. The

finely-powdered sub.stance is transferred to the crucible ; tliis is placed on the top of

the fuel, mouth frontwards, and in an inclined position to facilitate oxidation. The

substance is constantly stirred with the calcining rod, fig. 537, especially at the first

part of the operation, and the heat is afterwards increased to a bright red. The cal-

cination should be completed in about 30 minutes. If any sign of clotting or softening

of the particles occur, the crucible must be removed, and, if necessary,_the product

repowdered,-mixed with some anthracite-powder or coke-dust, and recalcined. Calci-

nations may also be made in scorifiors or roasting dishes in a muffle furnace._

Fusionfor coarse-copper.—Th\s is effected in the crucible used for calcination, ilie

calcined ore or regulus is mixed with about from 50 to 150 grains of carbonate ot soila,

from 50 to 150 grains of tartar, and from 20 to 30 grains of borax, aiid exposea to a

high temperature for about 16 minutes. The temperature should be sufiiciont to reouco

•the oxide of copper and melt the metal, and leave the oxide of iron in the slag. J. no
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products are poured out into the ingot mould, quenched in water, and when cold the

slag detached from the button of coarse or impiu-e copper. The character of this will

vary according to the impurities present. If any regulus is attached to the upper
surface it indicates that the pre\nous calcination has been imperfect, and the assay of

the ore must bo repeated. The slag should be black, and free from all trace of red
colour. If the fusion has been properly made, the slag will not require to be cleaned

or to be re-fused with reducing agents
;
although it is customary for some assayers to

clean all such slags. When raw or calcined ores are fused for coarse-copper the
addition of more carbonate of soda and borax are generally necessary. A little lime
or oxide of iron may also be added with ores comparatively free from vein-stuff, to keep
the slag free from oxide of copper : nitre and tartar are also used for reduction, instead
of the carbonate of soda and tartar.

Eefining.—This may be conducted in the crucible which has been used for the pre-
vious process. If a new one is employed a little borax should be previously fused in
it. A hot fire is necessary. The crucible is fixed in the fuel so that the process can
be easily observed through the space of the fire-brick covers, and when hot the copper
button is thrown in. When the surface of the metal appears bright and clean about
from 100 to 150 grains of the refining flux are quickly projected from the copper scoop,

fig. 535, upon it, and the ftirnace closed. After the lapse of about 2 minutes the cru-
cible is removed and the contents poured out into the mould. The button should be
flat and have a pit or depression on the upper surface. The fracture is generally dull,

granular, and of a red colour, or finely fibrous or silky, and of a salmon-red colour.
The slag varies somewhat in colour ; it should be grey, flesh-colour, pink, or pale red.
It is powdered, re-fused with tartar or other reducing agents for about 10 minutes, the
product poured out, and carefully examined for any shots of metal it may contain.
With some assayers it is customary to submit impure copper buttons to one or more
washings previous to refining. In washing, the metal and refining fluxes are pro-
jected together into the crucible and the product poured out when fused.

The following is another Method of conducting the Cornish Process.—A portion of the
pounded and sifted ore is first burnt on a shovel, and examined as to its supposed
richness and the amount of sulphur, arsenic, and other impurities it may contain. A
little practice in this operation will enable the operator to judge with considerable
accuracy of the quantity of nitre necessary in order to obtain a good regulus.

Fusion for regulus—Tyro hundred grains of the mixed ore are now weighed out and
carefully mixed with a flux consisting of nitre, borax, lime, and fluor-spar, and the
fusion for matt or regulus is begun. The quantity of nitre used will of course vary
with the amount of sulphur and arsenic present ; but the other ingredients are com-
monly employed in the following proportions :—Borax, 5 dwts.

; lime, 1^ ladleful •

fluor-spar, 1 ladleful.i After being placed in the crucible, the whole is" generally
covered by a thin stratum of common salt. After remaining in the flre for about a
quarter of an hour, the fusion will be found complete, and the contents of the pot may
be poured into a suitable iron mould. The button of regulus is now exanuned in
order to determine whether a suitable proportion of nitre has been used If the right
quantity has been employed, the button, when broken, should present a granular
fracture, and yield from ' 8 to 10 for 20 ' of copper, i.e. from 40 to 50 per cent How-
ever rank a sample may be, it should never be mixed with above 9 or 9* dwts of nitre •

and if the amount of sulphur be small, 3 dwts. are often sufficient. The grey sulphides'
the red and black oxides, and carbonates, have sulphur added to them for the purpose
of obtaining a regulus. Highly-sulphurised samples, requiring above 9+ dwts of
nitre, are sometimes treated in a different way. In this case the ores are'first care-
fully roasted, and afterwards fused with about 5 dwts. of nitre, 9 dwts. of tartar and
3 dwts. of borax. '

• Hoasting.—The roasting of tSe regulus thus obtained is performed in a smaller
crucible than that used in the fusion for matt. During the first quarter of an hom-
a very low temperature is sufficient. The heat is then increased to frill redness andthe assay allowed to remain on the fire for a further period of about 20 minutesDuring the first 15 minutes it should be kept constantly stirred with a slender ironrod

;
but afterwards, an occasional stirring will be found sufficient. When nearlv thewhole of the sulphur and arsenic has been expelled, the temperature must be raisedneariy to whiteness during a few minutes, and the assay then withdrawn and allowed

Fusion for coarse-copper.-Tho fusion for copper is effected in the saml crucible inwhich the roasting has been carried on. The quantity of flux to be used forpurpose varies m accordance with the weight of the button of regulus obtained !mixture of 2 dwts. of nitre. 7^ dwts. of tartar, and U dwt. of borS'Ts siSt fol

• The ladle us9d for this purpose is three-quarters of an inch in diameter and half-an-inch in depth.

'
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tlio rodiicbion of a calcined regulus that, previous to roasting, woiglied from iH to fjO
griiins. In the case of a button weighing from 90 to 100 grains, 3i dwts. of nitro
9 dwts. of tartar, and 2 dwts. of borax, slioiild be employed. Tlicse" quantities are'
howovor, seldom weighed, since a little practice renders it easy to guess, witli a suffi'
cient degree of accurncy, tiio necessary amounts.

Itejintng.—Tho prill of copper thus obtained is seldom fine, and consequently re-
quires purification. A crucible is heated to redness in the furnace, the metallic button
is taken from the mould and thrown into it, and some refining flux and salt are phced
in a scoop for immediate use.' In a few minutes the fusion of the prill is effected
Iho crucible is now taken from the fire by a pair of tongs, the contents of the scoop
introduced, and a gentle agitation given to it ; an appearance similar to the briglit-
oning of silver on the cupel now tjxkcs place, and the crucible is returned to the fire
for about four minutes. The crucible is now removed, and its contents rapidly poured
into a mould. The button thus obttiincd will consist of refined copper, and present a
slight depression on its upper surface. The slags from the reducing and refining
operations are subsequently fused with a couple of spoonfuls of crude tartar, and the
prill thus obtained weighed ^vith the larger button.

2. Gei-man Method.—This method is used in Germany and other parts of Europe,
for the estimation of copper in ores and other substances. It consists essentially of the
following processes :— 1. Eoasting or calcination ; 2. Eeduction or fusion for black'
copper; 3. Eefining.

Furnace, ^c.—A mufflefurnace is employed. The form and dimensions of a mufBo
furnace vary somewhat ; the construction depending on the nature of the fuel employed
and other circumstances. If bituminous coal is used, the muffle is heated by the flame
of the fuel, and the fire-grate is placed at some distance below. When anthracite coal
or charcoal is employed the muffle is surrounded with hot fuel. Scorifiers or roasting
dishes ; flat shallow vessels made of fire-clay about 2^ inches diameter and 1 inch
deep inside measure. Crucibles ; thin oval shaped vessels of fire-clay, provided with a
flat foot about 4 J inches high and If inch internal diameter at the widest part. Tongs,
scoop, pestle and mortar, and other implements are required. For a description of a
muffle furnace, see Silver.

Weights.—Special assay weights are used in Germany. 1. Assay centner=100
assay pounds; 1 assay pound= 100 assay part pounds. The assay centner weighs
375 grammes, or about 68 grains. 50 grains of the substance may be taken to operate
on when grain weights are used.

Fluxes, ^c.—Black flux, the product obtained by deflagrating 1 part of nitre and 2^
of tartar, or a mixture of alkaline carbonate and charcoal, or substitute for them borax,

glass, salt, graphite, charcoal-powder, lead, arsenic, antimony, iron pyrites. For the

purpose of assay by this method the ores and other substances may be divided into ; 1,

Oxidized ores, &c. which require reduction and refining ; 2. Sulphurous ores, &c. which
require calcination, reduction, and refining ; 3. Ores,&c. poor in copper, which require

fusion with iron pyrites to obtain a regulus : the regulus is afterwards treated accord-

ing to 2 ; 4. Varieties of impure copper, which require refining with lead.

Process : Eoasting.—50 grains of the ore mixed with about \ of its weight of graphite

powder or other substitute and spread over the bottom of a scorifier or roasting dish

previously coated inside with red oxide of iron. The scorifier is now placed in a

muffle at a low red heat, and the calcination continued until the graphite ceases to glow

and the odour of sulphurous and other gases is no longer perceptible. This is then

removed, and the product powdered, remixed with about 5 per cent, or more of charcoal-,

powder, and recalcined. Tliis operation is repeated a third time if necessary. The

calcination is completed in about 30 minutes. Carbonate of ammonia is sometimes

added to complete the calcination.

Fusion for Black Copper.—The powdered calcined product is transferred to the oval-

shaped crucible, and covered with about twice its weight of black flux, and borax or

glass or both added as required. The whole is covered with a layer of salt, and over

this is placed a piece of charcoal about ^ an inch square ; a cover is then inserted. Lead,

arsenic, or antimony or their oxides are also added when necessary as collecting agents

to alloy with the copper and render it more fusible. The fusion is conducted in a

muffle ; the temperatiu-e is gradually increased from a red heat and the operation

completed in from 30 to 40 minutes. The crucible is removed, and when cold, broken

open. The button of copper should bo perfectly fused and free from regulus. The

slag should be -well fused, glassy, and free from a red colour.

Refining.—This is conducted in a muffle upon a flat shallow piece of broken crucible

about from 1 to H inch square. This is placed between hot charcoal, as, a high teni-

' The refining flux consists of two parts of niti'e and one of white tiirtar fused togetlier, wid sub-

Bcqucntly pounilod.
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pomtiiro is required. The button is then wrapped in paper with about an equal weight

of borax, and pbiccd upon tho hot clay vessel. Wlion the button is molted, the door

of tlio muffle is partly opened to allow the air to enter, and the operations continued

until tho copper brightens, appears of a green colour, and finally becomes solid. The clay

vessel is then removed from tho muffle, and cooled by dipping it slowly in water. The
slag is then detached from the button, which should have the characteristic properties

of fine copper. The refining is also conducted on a cupel. Two cupels are treated in

Ji muffle, and upon one is placed the button of black copper with an equal weight or

more of lead, and upon the other the same weight of pure copper and lead. When
melted, air is admitted by partly removing the muffle-door, and the process continued

until the copper brightens. The buttons are then covered with charcoal-powder, re-

moved, and cooled in water, and weighed. The loss upon the pure copper is added on
to the assay button, and the result calculated.

Wit Assay : 1. By Cyanide of Potassium.—This is the best adapted and most direct

method for estimating copper in copper ores by means of standard solutions. It was
first proposed by Mr. H. Parkes. The process depends on the following reaction : when
a solution of cyanide of potassium is added to a blue ammoniacal solution of copper it

becomes colourless by the formation of a double cyanide of ammonia and copper. By
ascertaining by direct experiment the amount of cyanide of potassium required to dis-

charge the colour in an ammoniacal solution containing a given weight of copper, it is

easy by a comparative experiment to determine the amount of copper in a given weight
of ore. The standard solution of cyanide of 'potassiuui required, is prepared by dis-

solving about from 2,000 to 2,500 grains of cyanide of potassium {gold cyanide) in 4
pints (35,000 grains) of water. One thousand grains of this solution should be equal
to about 10 grains of copper. The solution is standardised as follows :—A piece of
clean, electrotype copper, of from 4 to 7 grains, is accurately weighed, dissolved in a
small quantity of dilute nitric acid in a small flask, boiled to expel nitrous fumes,
and diluted with water to about half a pint. Ammonia is added in excess, when it will
become blue. A burette (for a description of this instrument, see Axkaiimetry) is
filled to the top line with the solution of cyanide of potassium, and run in very slowly
to the cold blue solution of copper until it becomes nearly colourless, or of a faint
lilac tint. The number of divisions which are read off will be equal to the amount of
copper operated on. The experiment is repeated on a second or third piece of copper,
and the mean result taken as standard. The decolorisation will require from |- to f of
an hour, according to the amount of copper present. A piece of white paper should
be placed under and behind the flask, to aid in observing the tint of tho solution
during decolorisation. As the standard solution undergoes slow decomposition, it
will require correction about once a week.

Process.—From 10 to 50 grains of the ore are placed in a small flask or beaker glass,
and moistened with strong sulphuric acid ; nitric acid is then added from time to time,
and the whole digested at a gentle heat until nitrous acid fumes cease to be given off.
Water is cautiously added, and the solution reheated, to dissolve the basic sulphates
of copper and iron. AVhen the ore is completely decomposed, the whole is transferred
into a pint flask and diluted to about | a pint ; ammonia is added in excess, and when
the solution is cold, the standard solution is gradually run in until there remains only
a faint lilac tint. The number of divisions used are read off, and the per-centage of
copper calculated.

_

Example :—1,000 grains of the burette are equal to 10 grains of
copper, and 20 grains of the copper ore require 500 grains of solution

; therefore,

1,000 : 500:: 10 : 5 and
5 X 5 = 25 per cent, of copper.

When peroxide of iron is present it should not bo filtered off during tho assay, as it
would retain copper. The copper thus retained passes into solution during decolori-
sation. The alteration m the tint of the peroxide of iron will also afford a rough in-
dication of the completion of tho assay. Tho addition of sulphuric acid is only required
for the decomposition when sulphides are present in the ore. The presence of silver,
zinc, nickel, and cobalt, interfere wth the estimation of copper by this method. Silver
is easily removed by adding hydrochloric acid or chloride of sodium, and filterino-
before adding the ammonia. When zinc, nickel, and cobalt are present, the copper is
separated with the usual precautions by means of sulphuretted hydrogen, hyposulphite
of soda, or metallic iron, and the precipitates afterwards redissolved in acids, and tho
solution assayed as before described.

2. Precipitation Method.—This is one of the oldest wet methods of estimating copper
and when tho requisite care is biken tho results are accurate. It is also useful when
burettes are not available. In some localities, and particularly in South America and
the United States of America, the assay of copper ores is performed by this pro-
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cess. Tho wholo of the ores belonging to the different classes may bo estimatod in
this way,
A woigliod quantity of tlio pulverised ore is introduced into a long-necked flask of

hard Gorman glass. Nitric acid is now added, and the flask exposed to tho heat of a
sand-bath. A little hydrochloric acid is subsequently introduced, and the attack con-
tinued until the residue, if any renuiins, appears to bo free from all metallic stains.
The contents of tlio flask are transferred to a porcelain evaporating dish, and evapo-
rated to dryness, taking care, by moans of frequent stirring, to prevent tlie mass from
spirting. Tho whole must now bo removed from tiie sand-bath and allowed to cool,
a little hydrochloric acid subsequently added, and afterwards, some distilled water.
Tho contents of the basin must then be made to boil, and, whilst still hot, filtered into
a beaker. A piece of bright wrought iron, about two inches in length, tliree-quarters

of an iuch in width, and a quarter of an inch in thickness, is now introduced, and tho
liquor gontly heated on the sand-bath until tho whole of tho copper has been thrown
down. Tho liquor is now removed by moans of a glass siphon, and the metallic copper
freed from all adhering chlorides, by moans of repeated washings with hot water, and
then dried in a water-bath, and weighed.

In case the mineral operated on should contain tin or antimony, very minute traces

only of these metals will be found with tlie precipitated copper. When load is pre-

sent, it is best to add a few drops of sulphuric acid during the process of the att-ick
;

by this means the lead will be precipitated as sulphate of lead, and be removed by
filtration,

Assay of Commercial Varieties of Copper, Brass, Bronze, ^e.

By Hyposulphite of Soda. This is a very accurate method of estimating copper : it

was first made known by Mr. E. 0. Brown. Tho reagents required are, 1. A standard

solution of hyposulphite of soda. This is made by dissolving 1,300 grains of the

crystals in 4 pints of water ; the solution is standardised by means of weighed pieces

of electrotype copper by the process afterwards described, and the mean result taken

as standard. 2. Iodide ofpotassium. The crystals should be free from iodate. About
six times the "weight of the copper present is required for each assay. 3. Solution of

Starch. Prepared by boiling from 1 to 2 grains of starch in about half a pint of

water. When cold the clear solution is decanted off for use. The estimation of the

copper by this method depends on the following reactions. When iodide of potassium

is added to acetate of protoxide of copper, subiodide of copper is formed, and free

iodine is set free, which dissolves in the excess of iodide of potassium. By means of a

standard solution of hyposulphite of soda, the free iodine is converted into iodide of

sodium with the formation of tetrathionate of soda. The solution of starch serves to

indicate the completion of the reaction, by tho bleaching of the blue iodide of starch at

first formed. The reactions may be expressed by the following equations :

—

2(CuO,A) + 2KI = Cu^I -J- 1 + 2(K0,A)

I -f 2(NaO,S202) =Nal + NaO,S<0'.

Process.—From 8 to 10 grains of the copper or alloy are dissolved in dilute nitric

acid, and the nitrous acid expelled. The solution diluted with water, and carbonate

of soda added until carbonate of protoxide of copper remains precipitated. Acetic acid

is added in excess, and afterwards about 60 grains or less of iodide of potassium.

The solution of hyposulphite of soda is now run in from a burette, until the solution

acquires a yellow colour. A little of the starch-solution is now added, and the ad-

dition of the hyposulphite of soda cautiously continued imtil the solution becomes

colourless. The number of divisions on the burette are read off, and the amount of

copper calculated therefrom. Example :—If 1,000 grains of the standard solution are

equal to 10 grains of copper, and 10 grains of the alloy require 600 grains of the same

solution, then
1,000 : 600:: 10 : 6 and

6x10 = 60 per cent, of copper.

When lead is present, a little sulphuric acid should be added during the solution of tlie

metal in nitric acid, to convert it into insoluble sulphate of protoxide of lead. To

render it applicable to copper ores, after tho solution of the ore and dilution, the

copper must first be separated by means of sulphuretted hydrogen, hyposulphite of

soda, or by iron or zinc, and tho precipitate redissolved in nitric acid, taking care to

expel all trace of nitrous acid before proceeding with tho assay.

Assay of Slags and other Substances containing Small Quantities of Copper.

Coloration Test.—1\\\% method depends on the fact that the intensity of the blue

colour of an ammoniacal solution of copper is proportionate to the quantity of metal

proBont. There are two plans which may be followed:—a. A standard coloration
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tost solution is proparod by dissoh-ing a known weight of copper (0*5 or 1 grain) in

dilute nitric acid, adding excess of ammonia and diluting to 10,000 grains. This

solution is kept in a well-stoppered, long, glass graduated vessel. The ammoniacal
solution of copper obtained by the decomposition of a given weight of the substance
is transferred to a graduated measure of the same shaj)e and capacity, and water
added until the tint corresponds to that of the standard coloration test. The per-

centage of copper is calculated as follows :—10,000 grains of the standard coloration
test contain 0*5 grain of copper; the solution of 100 grains of the substance required
dilution to 8,000 grains

—

10,000 : 8,000 ::0-6 : 0-4 per cent, of copper.

b. A series of standard coloration test solutions of copper are prepared and kept
in a number of colourless square or round glass bottles. The bottles should be of the
same shape and capacity. If the series comprise ten bottles, the first bottle may con-
tain ^th of a grain of copper, the second ^ths, and so on to the last of 1 grain. From
50 to 100 grains of the powdered slag or other substance are treated with nitric or
with nitro-hydrochloric acid, until decomposition is effected. In some cases previous
fusion vnth. carbonate of soda may be found necessary. The solution is diluted with
water, excess of ammonia added, and filtered, or the precipitate allowed to settle and
the solution decanted. If necessary, the precipitate obtained by ammonia is redis-
solved in acid, and reprecipitated by ammonia ; and if the filtrate has a blue tint it

must be added to that previously obtained. The whole of the solution is then diluted
with water until there is the same volume of solution as in one of the test bottles.
The colour is then compared with the coloration test bottles, and the one it corre-
sponds to represents the amount of copper present in the quantity of substance
operated on. From this datum the per-centage of copper is calculated. If nickel or
cobalt be present the copper must first be separated by means of sulphuretted hydrogen
or otherwise, and the precipitate rodissolved in acid.

COPPER DUES. See Copper.
COPPER, OXZBES OP. Two oxides are known : the red or suboxide (cuprous

oxide) Cu-0, and the black or protoxide (cupric oxide), CuO. Both occur native, and
are valuable ores. The suboxide may be prepared artificially by adding grape-sugar to
a solution of the blue sulphate of copper, treating the product with an excess of caustic
potash, and then boiling the solution. The suboxide communicates a fine ruby-red
colour to glass

; this oxide is soluble to some extent in metallic copper, the metal be-
coming thereby ' dry ' or brittle. Protoxide of copper may be prepared by calcining
copper, or by igniting the nitrate or the sulphate. It communicates a green colour to
glass. The protoxide is employed in organic analysis for yielding oxygen during
combustions.

COPPER PYRITES. See Copper.
COPPER, SAXiTS or. CoppEK, AcETATB OF. A basic acetate of copper (cupric

acetate)_ is largely used as a pigment under the name of Verdigris. The neutral
acetate is also prepared commercially, and termed Distilled Verdigris. It appears that
the well-known pigment, Schweinfurth or Emerald Green, is a combination of acetate
and arsenite of copper. See Verdigris ; Schweinfurth Green.

Copper, Arsenite of. The fine green pigment called Scheele's Green 'la an arsenite
and Schweinfurth Green is an aceto-arsenito of copper. See Scheeue's Green-
ScHWElNPtlRTH GrEEN.

'

Copper, Carbonates of. Two of these occur native, forming the minerals known
as Malachite and Azurite. An artificial basic carbonate is prepared as a pigment under
the names of Brunswick and mineral-green. See Azurite : Copper : Malachite •

VEEDITER. '

Copper, Chlorides of. Two chlorides are known ; the subchloride (cuprous chloride)
Cu-Ll (Cu^CP), and the protochloride (cupric chloride) CuCl (CuCP). The latter
)s readily obtained by dissolving either oxide or carbonate of copper in hydrochloric
acid

;
It IS a deliquescent salt soluble in alcohol, the alcoholic solution burning with a

fine green flame. The subchloride may be reduced from the protochloride by boiline
its solution with sugar. A solution of the subchloride in hydrochloric acid is used in
gas-analysis for the absorption of carbonic oxide. There are also several oxychlorides of
copper

;
one of these occurs native, forming an ore known as Atacamite. See Copper

Copper, Nitrate of. This salt is prepared by dissolving copper in moderately
• n^f^^T^nw^

to crystalUsation. Its formula when anhydrous
is CuO,NO» (CU2NO'). This salt is used to produce a fine green in fireworks

Copper, Stilphate of, called in commerce Blue Vitriol, Blue Stone, or Blue
Coppcras.-Th^H s'alt is frequently prepared by roasting copper pyrites with free access
ofair butsulpliateofironis formed at the same time, and the two salts are not
readily separated. It }^ also obtained by heating old copper with sulphur, by which a

''^ p 2
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subsulphido of copper is produced
; tbis is converted into sulphate, hy roasting in con-

tact witli air. Largo quantities of sulpluito of copper are oLtiiined in the process
of silver refining, and as a by-product in Zicrvogel's method of silver-extraction.

Crystallised sulphate of copper contains CuO.SO' + SHO (CuSO< + SH'O). It is

largely employed in calico-printing, and as a source of other salts of copper. The suit

is also used in certain forms of constant batteries, as Dani ell's.

Several basic sulphates are known, some of which occur native. Casselman'a green
is an artificial basic sulphate. See Copx'kii ; Pykites ; Silveu.

Copper, Sulphides of. At least two distinct sulphides of copper may be prepared.
Copper and sulphur when molted together comljino with vivid inciindcseence, and pro-
duce the subsulphido or disulphide (cuprous sulphide), Cu^S. This compound also

occurs native as copper glance ; and is produced as a regulus in tlie ordinary process

of copper-smelting, when it is called by the smelter fine metal. The higher sulphide
(cupric sulphide), CuS, is found native as Covclline, and may be artificially prepared,

as a hydrate, by precipitating a salt of copper with sulphuretted hydrogen. Tliu

sulphides are decomposed when heated with free access of air ; at high temperatures

sulphurous acid is evolved, and oxide of copper formed, whilst at low temperatures a
sulphate of copper is produced,

COPPERAS. A common name for green vitriol or sulphate of protoxide of iron

(ferrous sulphate). Iron pyrites is also sometimes called copperas. See Pyrites.

COPROXiITES. (/c(57rpos, dung^
;
Xidos, stone). A term properly restricted to

fossilized foecal matter. True coprolites usually present the form of ovoid nodules,

resembling kidney potatoes, marked on the surface with corrugations, and exliibiting

internally a spiral structure due to the form of the intestinal canal through which

they have passed. Some of these coprolites were formerly described, from their shape,

as fir-cones ; but their true origin was clearly pointed out many years ago by Dr.

Buckland. They often contain scales, teeth, and bones, of fish, which represent the

undigested portions of food voided in the excrements ; and they are occasionally found

in such connection with the skeletons of fossil saurians as to show their original

position in the intestines. The coprolites of reptiles and fish are found in many of our

Secondary and Tertiary rocks, and are especially abundant in the Lias. These true

coprolites consist mainly of phosphate and carbonate of lime. The analyses below by

Mr. Thornton J. Herapath represent the composition of a coprolite from the lias strata

of Lyme Eegis. It was rather large, being above 9 oz. in weight, was of a greyi.sh

colour, and when broken exhibited some traces of a crystalline structure. It furnished

a greyish-white powder. Many scales of different extinct fishes, and other organic

remains, were to be perceived on the external surface ; the greater proportion of them

appeared to belong to a species of fish which is known by the name of Pholidophorus

limbatus. Its specific gravity was about 2-64:4 or 2-700, and the composition per cent,

was as follows :

—

1 II Mean

Water driven off at from 300° to

350° F
Water and organic matters expelled

at a red heat .....
Chloride of sodium, with some sulphate

of soda
Carbonate of lime ....

do. of magnesia
Sulphate of lime

Phosphate of do. (tribasic) .

do. magnesia
Perphosphate of iron ....
Phosphate of alumina....
Peroxide of iron

Alumina
Silicic acid, with fluoride of calcium and

loss

2-660

3-680

traces

23-640

none
1-740

60-726

a little

3-980

a little

2-094
none

1'580

2-668

3-456

traces

23-708

uoue
1-801

60-813

a little

4- 135

a little

1-894

none

1-525

2-6140

3-5680

traces

23-6740

none
1-7705

60-7695 =P05 28-047

a little

4-0575 = P0» 1-992

a little

1-9940

none

1-5525

100-000 100-000 100-0000 = P0'29-9G:)<'

* In the first of these analyses, the phosuhorio acid was estimated by M. Bchulze's method, as iier-

phosphatc of iron ; in the second, as phosphate of lead.
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From the high per-centage of phosphate of lime recorded in those analyses, it must

bo evident that^ coprolites are of groat value to the agriculturist as fertilising agents.

Indeed, large quantities of so-called ' coprolites ' arothus employed. It should, however,

be distinctly understood that the term has been considerably extended in its meaning,

. and is now applied to all phosphatic nodules used in the formation of artificial man-

ures whatever may have been their origin. These nodules, or pseudo-coprolites, are

especially abundant in the Ked Crag of Suffolk. Tliis Crag is a marine deposit of

Pliocene (Upper Tertiary) age, rich in shells and other organic remains ; and at

the base of the Crag there is a bed of rolled bones, teeth, and various animal exuviae,

derived from the London Clay, and associated with rolled pebbles rich in phosphate of

lime. These pebbles or nodules were first described by the late Prof. Henslow as true

coprolites, but it is certain, from their physical characters, that they have not a coprolitic

origin. Nevertheless, these pseudo-coprolites are equally rich in phosphate of lime, as

will be seen by the following analyses of two samples from the Coast of Suffolk by
Mr. Herapath :—

'

Water with a little organic matter .

Salts soluble in water (chloride of

sodium and sulphate of soda)

Carbonate of lime .

„ magnesia .

Sulphate of lime

Phosphate of lime (SCaCPO^)

.

„ magnesia .

Perphosphate of iron (2Fe'0\W0^)
Phosphate of alumina (2APO»,3PO^)
Oxide of manganese ,

Fluoride of calcium....
Silicic acid, coloiired red by a little

undecomposed silicate of iron

4-00

traces

10-280

a trace

distinct traces

70-920 -PO^ 32-765

traces only

6-850=PO= 3-244

]-550 = PO'* 0-870

traces

0-608

6-792

100-000 = P0' 36-889

II

3-660

8-969

0-611

69-099 =

8-616 =

2-026 =

0-804

6-309

traces

a trace

=PC 31-924

traces

=P0= 4-081

=P05 1-158

traces

100-000 =P05 37-16

Pbospbatic nodules, passing under the name of coprolites, are found at the junction
of the Lower Greensand and Gault, at the junction of the Gault and Upper Green-
sand, and at the base of the Chalk.
In an excellent paper ' On the Phosphoric Strata of the Chalk Formations,' published

in the first number of Vol. IX. of the ' Journal of the Eoyal Agricultural Society of
England,' Mr. Way observes, that he has found the coprolites from Farnham in Surrey
to contain from 52 to 54 per cent, of bone-earth phosphate ; and that Dr. Gilbert had
informed him, that in several analyses which he had made of samples taken from
several tons of the ground coprolites, he had found the proportion of phosphate of
lime to vary between 55 and 57 percent. Mr. Nesbit ('Quart. Journ. of Chem. Soc'
in. p. 235) found from 22-30 to 28-74 per cent, of phosphoric acid, which is equiva-
lent to from 48-31 to 59-07 of tribasic phosphate, in those from the tertiary deposits
of this coimty.

Phosphatic nodules, or coprolites, are obtained from the base of the Gault at
Folkestone, and from the base of the Chalk at Cambridge. ' The Cambridgeshire
phosphatic nodules,' says the Rev. 0. Fisher, ' are extracted by washing from a stratum
(seldom exceeding a foot in thickness) lying at the base of the Lower Chalk, and rest-
ing immediately, without any passage-bed, upon the Gault. There is, however, a
gradual passage upwards from the nodule-bed into the Lower Chalk or clunch. The
average yield is about 300 tons per acre ; and the nodules are worth about 50s. a ton
The diggers usually pay about 140^. an acre for the privilege of digging, and return
the land at the end of two years properly levelled and re-soiled. They follow the
nodules to a depth of about 20 feet ; but it scarcely pays to extract them from that
depth.— ' Quart. Journ. Geolog. Soc' Feb. 1873.
The following analyses of Cambridge coprolites are published by Dr. Voelcker in

the Journ. of the Eoy. Agric. Soc. for 1860:

—

• Journal Eoy. Agric. Soc. Eng. 1861.
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Moisture and organic mattoi

Lime . . .

Magnesia .

Oxido of iron

Alumina . ,

Phosphoric acid .

Carbonic acid

Sulphuric acid .

Chloride of sodium
Potash , .

Soda .

Insoluble siliceous matter
Fluorine and loss

4-63

43-21

1- 12
2-46
1-36

25-29

6-66

0-76

0-09

0-32

0-50

8-64

4-96

100-00

II

4-01

45-39
0-48
1-87
2-57

26-75
5-13

1-06

traces

0-84

0-73

6-22
4-95

100-00

In the first analysis the proportion of tribasic phosphate of lime (bono-oarth)
reaches 64-89, and in the second analysis 67-12 per cent.

Mineral deposits rich in phosphate of lime occur in the Bala Limestone at
CwmgTvymnen, about 16 miles from Oswestry ; but they do not appear to bo of copro-

litic origin. They have been worked for agricultural purposes, and were described by
Dr. A. Voelcker before the British Association in 1865.

Attention has recently been called to a remarkable phosphatic deposit in South
Carolina, which is now extensively worked. This deposit occurs in beds of post-pliocene

age, but is largely composed of nodules of altered marl derived from an Eocene rock
known as the great Carolinian Marl Bed. These nodular fragments from the mother-
rock are rich in organic remains, and are associated with bones and teeth of land
animals of more recent age. Por a description of the deposit, see ' The Phosphate
Eocks of South Carolina,' by Prancis S. Holmes, A.M. Charleston, 1870. See Apatite;
Manttee.
COPYXIfG. A new and important quality of writing-inks was introduced by the

indefatigable James Watt, in 1780, who in that year took out a patent for copying
letters and other written documents by pressure. The modus operandi was to have
mixed with the ink some saccharine or gummy matter, which should prevent its

entire absorption into the paper, and thus render the writing capable of having a copy

taken from it when pressed against a damp sheet of common tissue paper. But
although this process was very imperfect, the writing generally being much besmeared

by the damping, and the copies, in many cases, only capable of being read with great

difficulty, it was not for seventy-seven years after the invention of Watt that any
improvements in such inks were attempted. The firm of Underwood and Burt patented

a method of taking copies by the action of a chemically-prepared paper, in a chemical

ink, by which, not only are far superior copies taken, and the original not at all

damaged, but many copies may be taken at one time from a single document. Printed

matter may be also copied at the same time, on the same beautiful principle. We ^ve
the specification of Mr. Underwood :

—

' But while the means employed for producing the desired effects may be varied,

I prefer the following for general use :—^I damp the paper, parchment, or other mate-

rial which I desire to copy upon, with a solution of 200 grains of the yellow or neutral

chromate of potash dissolved in 1 gallon of distilled water, and either use it immedi-

ately, or dry it and subsequently damp it with water as it is required for use. I then

prepare the material which I use for producing the characters or marks, and which

may be called copying ink, by simply dissolving (in a water-bath) pure extract oi

logwood in distilled water ; or, for printing, I use a varnish or other similar material

soluble in water, and dust, or throw over it powdered extract of logwood. If I desire

to take twenty copies from an original, I use about six pounds of the pure extract of

logwood to a gallon of distilled water ; but a larger number of copies ma,y be taken by

dusting or throwing over the original, before the ink has thoroughly dried, a powder

composed of five parts of powdered extract of logwood, one part of powdered gum

arable, and one part of powdered tragacanth. When I desire to print from an original,

in producing which I have used ink prepared as before described, I proceed by damping

six sheets of paper, prepared as before described, and having taken off all superfluous

moisture with good blotting paper, I place the original upon the upper sheet and press

the whole for about half a minute in a copying press ; I then remove the on^nal, and

in its place put six other sheets of the prepared paper in a damp state, and subject
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the ..hole to OTCssuro for about a quarter of an hour. I then take five other prepared
the y^?^^^^ laid the original iipon thoni, press them together

t'atut twoXtet then ^ originafby thr^e other prepared and damped

Seet^ lfpreTthe whole together for about a quarter of an hour. The extract of

lo™d 80K upon the neutral chromate of potash that I thus obtain twenty good

dear fac-similes of the original matter or design,
, . , , „j

ThS haTe also produced an Indian ink on the same principle, which, when used

in the preparation of architectural plans, maps, &c., will give one or more clear copies

of even Se finest Unes. The only point to be observed in the taking of such copies

is that as they are taken to a scale, they must be kept pressed m dose contact with

the original, tiU they are perfectly dry, because if not, they ynll shrink m drying, and

the scale will be spoilt.
, , . . , n • 4.^

The most complete information on this subject, and that of inks generally, as to be

foundin a memoir published in the ' Journal of the Sodety of Arts by Mr. J. Underwood.

COQVZI.I.A IffUTS. These nuts are produced m the Brazils by the Aitalea

funifmi. They are suitable for a great variety of small ornamental works, and are

manufactured into the knobs of umbrellas and parasols. The same palm which yidds

coquilla nuts also furnishes the Piassaba fibre, or monkey-grass.

COKAH. An Indian pattern silk handkerchief.

CORAX. (CoraU, Fr. ; Koralle, Ger.) is a calcareous substance, formed a species

of marine polype, which constructs in concert immense ramified habitations, consisting

of an assemblage of small cells, each the abode of an animal. The coral is, therefore,

a real polypary, which resembles a tree stripped of its leaves. It has no roots, but a

foot not unlike a hemispherical skull-cap, which applies dosely to every point ot the

surface upon which it stands, and is therefore difficult to detach. It merely serves as

a basis or support to the coral, but contributes in no manner to its growth, like the

root of an ordinary tree, for detached pieces have often been found at the bottom of

the sea in a state of increase and reproduction. From the above base a stem, usually

single, proceeds, which sddom surpasses an inch in diameter, and from it a small

number of branches ramify in very irregular directions, which are studded over with

ceUs, each containing a polype. These polypes when they extend their arms, feelers,

or tentacula, resemble flowers, whence, as well as from the form of the coral, they

were formerly classed among vegetable productions. They are now termed zoophytes

by many writers upon Natural History.

The polype which yields the ordinary red coral of commerce is known to naturalists

as the Coralliim rubriim, and is placed in the family of the Gorgonidm, ot Sea-shrubs,

a group of the order Alcyonaria. This red coral, therefore, occupies a different

systematic position from that of the common corals which, by the accumulation of

their solid parts, form the rocky masses known as coral islands, and which are referred

to the order Zoantharia. As much misconception prevails with respect to the true

nature of the comllium or hard parts, in these two kinds of polype, it may be useful

to point out their essential difference. In the common corals, the solid calcareous

structure is formed within the body of the polype, whilst in the red coral it is secreted

by the outer surface of the organism, notwithstanding its position as a branched axis

supporting the soft parts of the body. Both types of coral belong to the Actinoza : a

class of the great division of the Animal liingdom termed the Caelenterata. It is the

red coral which is described in this article.

The finest red coral is found in the Mediterranean. It is fished for on the coasts

of Provence, and constitutes a considerable branch of the trade at Marseilles. The
coral is attached to the submarine rocks, as a tree is by the roots ; but the branches,

instead of growing upwards, shoot downwards towards the bottom of the sea : a con-

formation favourable to bi'eaking them off and brining them up. For this kind of

fishing, eight men, who are excellent divers, equip a felucca or small boat called

commonly a coralline. They carry with them a large wooden cross, with strong, equal,

and long arms, each bearing a stout bag-net. They attach a strong rope to the middle

of the cross, and let it down horizontally into the sea, having loaded its centre with a

weight sufficient to sink it. The diver follows the cross, pushes one arm of it after

another into the hollows of the rocks, so as to entangle the coral in the nets ; then his

comrades in the boat pull up the cross and its accompaniments.

Coral fishing is nearly 'as dangerous as pearl fishing, on account of the number of

sharks which frequent the seas where it is carried on. One would think the diving-

bell in its now very practicable state might be employed with great advantage for

both purposes.

Coral is mostly of a fine red colour, but occasionally it is flesh-coloured, yellow, or
white. The red is preferred for making necklaces, crosses, and other female orna-
ments. It ifi worked up like precious stones. See Lapidaey.

Coral beads have ever been fashionable ornaments. Dr. Gilchrist states :— ' Coral
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M
^ °f

^f^tion througliout Hindostan for noeklacoB and bracolots forwomen ihoso beads are nmnufactured from the red coral fished up in various partsof Asm
;
they are very costly, especially when they run to any siL: and thev ar«generally sold by their weight of silver > ' ^"'y '^'o

;n ^1^^. \uft "^'W ^'^^«^»'ito akiclcB for ornament even in this country • and
^- , Viof'^'T Manners and Expences of Antient Times in EngLind •

ft wSl^tmi 'f^'^"'^
'''"^ churchwardens' Smpts'j

' Item of other old gear found in tho house :— £ g j
' Item one oz. and h of corall 0 ' 2 6
' Jewels for her body.
' Item, a pair of coral bods, gaudyod with gaudys of silver and gilt, 10 oz.

at 3s. 4:d,
1 13 4'

(John Port died in 1624.)

CORAX.X.XN-X:. A scarlet dye, prepared by heating a mixture of carbolic, oxalic
and sulphuric acids. See Carbolic Acid.
COHBAGE. {Cordage, Er.

; TauwerJc, Ger.) Cordage may be, and is, made of
a groat variety of materials. In Europe, however, it is mostly formed of hemp
although now much cordage is made of coir. See Coir.

'

Professor Eobinson proposed the following rule for determining the strength of
cordage :—Square the circumference of a rope in inches ; one fifth of the product will
be the number of tons' weight which it will bear : this is, however, uncertain.
CORDOVAir.^ A leather made at Cordova in Spain from goat-skin. Leather

made from horse-hide is called cordovan in this country.
CORX>UROY. A kind of ribbed cloth. See Fustian.
CORF or CORVE. A basket for carrying coals ; a frame of wood to load coals

on ; a sledgo to transport minerals on.
CORIANSER SEES. The fruit of tho Coriandum sativum, used as a season-

ing, and also for tho preparation of an essential oil.

CORK {Liege, Fr.
; Kork, Ger.) is the bark of the Quercus suber, Linn., a species

of oak-tree which grows abundantly in the southern provinces of France, Italy, and
Spain. The bark is taken off by making coronal incisions above and below the
portions to be removed

; vertical incisions are then made from one of these circles to
another whereby the bark may be easily detached. It is steeped in water to soften it,

in order to be flattened by pressure under heavy stones, and is then dried at a fire,

which blackens its surface. The corks are bound up in bales and sent into the market.
There are two sorts of cork, the wliite and the black ; the former grows in France

and the latter in Spain. The cakes of the white are usually more beautiful, more
smooth, lighter, freer from knots and cracks, of a finer grey, and of a yellowish-grey
colour on both sides, and cut more smoothly than the black. "When this cork is burnt
in close vessels it forms the pigment called Spanish black.

Cork is employed to fabricate not only bottle corks, but small architectural and
geognostic models, which are very convenient from their lightness and soliditj'.

The cork-cutters divide the boards of cork first into narrow fillets, which they
afterwards subdivide into short parallelepipeds, and then round these into the proper
conical or cylindrical shape. The bench before which they work is a square table,

where four workmen are seated, one at every side, the table being furnished with a
ledge to proTont the corks from falling over. The cork-cutter's knife has a broad
blade, A^ery thin, and fine edged. It is whetted from time to time upon a fine-grained

dry whetstone. The workman ought not to draw his knife-edge over the cork, for

he would thus make misses, and might cut himself, but rather the cork over the

knife-edge. He should seize the knife with liis left hand, rest the back of it upon
the edge of the table, into one of the notches, made to prevent it from slipping, and
merely turn its edge sometimes upright and sometimes to one side. Then holding the

squared piece of cork by its two ends, between his finger and his thumb, he presents

it in the direction of its length to the edge ; tho cork is now smoothly cut into a

rounded form by being dexterously turned in the hand. He next cuts oflT the two

ends, when the cork is finished and thrown into the proper basket alongside, to bo

afterwards sorted by women or boys.

Of late years much thicker kinds of cork boards have been imported from

Catalonia, from which longer and better corics may be made. In the art of cork-

cutting tho French surpass the English, as any one may convince himself by
comparing the corks of their champagne bottles with those made in this country.

Cork, on account of its buoyancy in water, is extensively employed for making
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floats to fishermen's nets, and in the construction of life-boats. Its impermoability to

water has led to its employment for inner soles to shoos.
,

. , , , ,

"When cork is rasped into powder, and subjected to chemical solvents, such as

alcohol &c it leaves 70 per cent, of an insoluble substance, called suberine. When

it is treated with nitric acid, it yields the following remarkable products^—White

fibrous matter 0-18, resin 14-72, oxalic acid 16-00, suberic acid (peculiar acid of cork)

14-2, in 100 parts.
„ , mi. cl- c

A patent was obtained some years ago for machine cork-cutting. The cutting of

the cork into slips is effected by fixing it upon the sliding bed of an engine, and

bringing it, by a progressive motion, under the action of a circular knife, by which

it is cut into sUps of equal widths. The nature or construction of a machine to_ be

used for this purpose may be easily conceived, as it possesses no new mechanical

feature, except in its application to cutting cork. The motion communicated to the

knife by hand, steam, horse, or other power, moves at the same time the bed also

which carries the cork to be cut.

The second part of the invention, viz., that for separating the cork into square

pieces, after it has been cut into slips as above, is effected by a moving bed as before,

upon which the slips are to be placed and submitted to the action of a cutting lever,

which may be regulated to chop the cork into pieces of any given length.

The third part of the invention, viz., that for rounding or finishing the corks, con-

sists of an eng-ine to which is attached a circular knife that turns vertically, and a

carriage or frame upon its side that revolves on its axle horizontally.

The carriage or frame contains several pairs of clamps intended respectively to

hold a piece of the square cut cork by pressing it at the ends, and carrying it lengl^h-

ways perpendicularly. The wood of the Anona palustris, growing in the West Indies,

is so soft that corks are made of it. It is hence called Coek-Wood.
CORXrEO. An ore of quicksilver found in Spain, is so called locally.

COROMAITBEIi "WOOD. The wood of the Biospyros hirsuta.

COROZO, COROSSO. Vegetable Ivory.— The commercial names for the fruit of

the Phytelepkas macrocarpa, a species of Brazilian palm. It is called the Tagua Nut

in South America. It grows on the borders of the river Magdalena in great abundance,

and the nuts are largely imported. The natives of the districts where the tree grows

have been in the habit from time immemorial of using this vegetable ivory for making

buttons, heads of waUdng-sticks, &c. It is used largely in this country in the place

of ivory, but it does not keep its colour well. See Ivoey, Vegetable.

CORROSIVE SUBl^IIMCATE, Chloride, or Protockloride, of Mercury, {Deuto-

chlorure de inercure,'Fi'. ; Aetzendes Quecksilber Sublimat, Ger.), is made by subliming

a mixture of 2i parts of sulphate of oxide of mercury, and 1 part of sea-salt, in a

stone-ware cucurbit. The sublimate rises in vapour, and encrusts the globular glass

capital -with a white mass of small prismatic needles. Its specific gravity is 6-225.

Its taste is acrid, stypto-metallic, and exceedingly unpleasant. It is soluble in 16

parts of water, at the ordinary temperature, and in less than three times its weight.

It dissolves in 2^ times its weight of cold alcohol. It is a very deadly poison. Eaw
white-of-egg swallowed in profusion is the best antidote. A solution of corrosive

sublimate has been long employed for preserving soft anatomical preparations. By
this means the corpse of Colonel Morland was embalmed, in order to be brought from
the seat of war to Paris. His features remained unaltered, only his skin was brown,
and his body was so hard as to sound like a piece of wood when struck with a hammer.

In the work upon the dry rot, published by Mr. Knowles, Secretary of the Committee
of Inspectors of the Navy, in 1821, corrosive sublimate is enumerated among the

chemical substances which have been prescribed for preventing the dry rot in timber

;

and it is well known that Sir H. Davy had, several years before that date, used and
recommended to the Admiralty and Navy Board corrosive sublimate as an anti-dry rot

application. It has been since extensively employed by a joint-stock company for the

same purpose, under the title of Kyan's Patent.

The preservative liquid known as Goadby's Solution, which is employed for pre-

serving wood and anatomical preparations, is composed as follows :—Bay salt 4 oz.,

alum 2 oz., corrosive sublimate 2 grains, water 2 pints.

CORRTTCATEB ZROIir. See Iron.
CORTTIirsU'lVX. This mineral species contains sapphire, corundum stone, and

emery. It consists of alumina, more or less coloured by metallic oxides.

The perfectly white crystals of sapphire are pure alumina.

There are two varieties of the perfect corundum : the sapphire so called, and the
oriental ruby ; of which the latter has a rather less specific gravity, being 3-9 against
3-97. Their form is a slightly acute rhombohedron, which possesses double refraction,
and is inferior in hardness only to the diamond. The sapphire occurs also in 6-sided
prisms. See Emeby ; Ruby ; Sapphire.
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Blue Sappliii'o,

Cbiua
Corundum,
Bengal

Emery,

/LiUIllJIlU a 98-6 8'i-O oJ 1) 00 •>o

Limo 0-6 •0 0-0 U-86

Silicti . 00 •6 5*0 3'10

Oxido of iron 1-0 7-6 1-25 24-10

Wfjtor . . 4-72

100-0 Klapr. 98 0 Chen. 98-2 Tonnant. 101-31 j.L.Smith.

Corundum, or Coronc, is the Indian namo for tho mineral called also Adamantine

spar. Tho Chinese specimens havo a grey colour, but the variety from India is

whiter. Tho oxtromo hardness of this substance, scratching everything except diamond,

renders it remarkably valuable to lapidaries and seal-cutters. It is but little softer

than the ruby, sapphire, or oriental topaz. It is far superior to emery for grinding,

and is used throughout India and China for polishing stones, &c,
_

Large deposits of

crystalline corundum have recently been discovered in North Carolina, U.S., and have

been worked commercially, especially at Corundum Hill, in Macon Co._ The corundum

occurs in veins running through serpentine, and is associated with ripidolite, jeffere-

eite, &c.
COSTEAXO'Zia'G, a mining term, from the old Cornish Cothas stean, fallen or

dropped tin. It signifies the practice of sinking pits in search of lodes across the line

of direction which the tin lodes usually traverse in Cornwall.

COTTON' is a vegetable fibre covering the entire surface of the seeds of species of

Gossypium—plants which belong to the natural order Malvacea. Cotton is unlike any

other textile fibre used in commerce in the fact that it is a hair formed of a single

cell. In the vegetable world there is an almost endless series of cell-forms, marked

by the two extremes of a perfectly spherical cell, and of a cell so attenuated as to

be nearly cylindrical. The latter form is characteristic of cotton. In its early stage,

the cotton hair consists of a hollow tube, a transverse section of which would present

an elliptical outline ; but in the course of growth, partly from the pressure of contiguous

hairs, and partly from a loss of moisture, the cylinder collapses and becomes tape-like

in form. The collapse is not uniform, however ; all down the centre of the hair the

sides are parallel, but at each edge a ridge is formed by the folding of the cell-walls.

The hair thus comes to have the form of an ordinary railway rail, and its transverse

section presents the general appearance of a dumb-bell. The two rounded edges of the

hair have, however, a tendency to twist upon themselves, and give to it a certain curly

roughness. It is this characteristic of cotton which makes it especially valuable for

spinning purposes ; the corrugations of the surface helping to bind the fibres together,

and to give strength and elasticity to the thread.

Many other vegetable hairs have been tried as substitutes for cotton, such as the

' cotton grass,' (Eriophorum) often seen upon bogs and moors, but they have all failed,

because they are not formed of a single hair, but of a linear series of hairs united by

their extremities. In all such cases tho points of union of the several cells form knots

in the fibre which render the hairs liable to entanglement and severance when acted

upon by machinery. Other substitutes for cotton, which have resembled it in being

uni-cellular, have nevertheless failed from being too short.
. i

• j „
The fibre of cotton is the longest uni-cellular hair known mthe vegetable kingdom,

and its length varies with the species, or according to the locaUty in which it is grown.

It is this variability in the length of the fibre-in commercial language its staple

which is the most important factor in determining the price ; the longer the staple

the more it is worth. The description of cotton which has the longest staple is know

as Sea Island, the average length being 1-61 ^^^^'JSJ¥^^^:^ ^^^^^f'l^^^^J
fibre of 1-41 inch; then Peruvian, 1-30 in^h; Braziban, 1-17 mch; New Orleans,

1-02 inch ; and finally Indigenous East Indian, 0-89 inch of average length.

Comparatively little attention has yet been d rected (and that only ^^ithm recent

years), to the improvement of the essential quabties of cotton fibre,

^^^ '^"^^ol
asserted that a wide field lies yet before the cultivator for thef^P^^^^,

^^^f^
of irrigation, manuring, hybridisat on, andgeneral treatment as ^1 l^'^^^^/^S^

developments of these qualities, and to an
_

enlarged production
fJhe f

an'^^^^^^

enormous changes which modern agriculturists have brought ^bout by tlie tr^^^^^^^^^

on scientific principles, of cereals and root crops are probably ^^o^
^J^.^'X/Jio of

those whicli another generation may see, with due care -^^^ 'nethod in the cujt^^^

cotton. Cultivators have got to discover, from c^^^lf
^^^^^V^' J^^tr^oTtSo ^^^^^

can add to tho soil to increase the strength, length, wliiteness. and lustre ol tno nair,



COTTON FACTORY 955

what modifications thoy can make in the management of the plant for the purpose of

making its growth possible in districts hitherto found unsuitable. There -was a time

when not even the cherry—much leBs the grape—would scarcely ripen upon the Ehine,

a district Avhich the fostering care of man has at length transformed into a fertile

wine-producing region. Much progress is also possible in the way of hybridisation

and careful selection of seed, by bringing into existence fresh varieties, which shall

perpetuate the best characteristics of their progenitors.
_
The practice of hybridisation

is a department of cotton-culture which has not met with the attention it deserves.

The experiments in this direction of Major Trevor Clarke, whose persevering efforts to

improve the native Indian varieties are well known, have shown the great value of

this class of research.

The number of species of G-ossypium producing the cotton of commerce has been

very variously estimated ; but Parlatore, the writer of one of the most recent mono-

graphs upon this genus {Lc Specie dei Cotoni, Firenze, 1866), describes and figures

seven good species. So great, however, is the multitude of forms at present in culti-

vation, that authorities are by no means agreed as to which of these forms are to be

reckoned as specific. But the opinion of competent botanists is gaining ground that

all these forms have descended from the three following species :

—

Gossypium arboreum,

the true cotton of the Indian peninsula, and of the island of Celebes ; G. barbadense,

the Baibadoes or Bourbon cotton, from which has probably originated the celebrated

Sea Island cotton ; and G. herbaceum, or the common cotton of the East Indies, China,

and the Malay Archipelago.-

COTTOir DVEinrc. See Dyeing.
COTTOW FACTORY, or COTTOM" IHtXX.'Xt. These terms are employed indis-

criminately for the purpose of describing any building or set of buildings, in which the

processes of spinning or of weaving cotton by the aid of machinery are carried on.

Establishments of this kind are often of great magnitude, giving employment to large

numbers of work-people, and producing many varieties of fabric. But whether it be
large or small, whether its productions be of one kind or of many kinds, a cotton

factory needs to be arranged in a certain order, and its successive processes must bo
suitably organised. The hands and heads of those who labour must be specially

trained and habituated to their several parts, and the whole operation conducted with
the greatest attainable regularity, and with the least possible interruption at the suc-

cessive stages of the work. In this manner is secured that harmonious co-operation

which is scarcely less essential to economy of manufactiire than is the use of steam or

water power.

The successive operations carried on in the manufacture of cotton will be more fully

described elsewhere ; meanwhile the following synthetic view may furnish the reader
with a general notion of their nature and their order :

—

1. The mixing and opening up or loosening the cotton wool, as imported in the bales,

so as to separate at once the coarser and heavier impurities as well as those of a
lighter and finer kind.

2. The willowing, scratching, or blowing, an operation which removes the seeds and
dirt, and prepares the material in the form of a continuous lap or rolled sheet for the
next process.

3. The carding, which is intended to disentangle every tuft or knot, to remove every
remaining impurity which might have eluded the previous operation, and finally to
prepare for arranging the fibres in parallel lines, by laying the cotton first in a fleecy

web, and then in a riband form.

4. The doubling and drawing out of the card-ends or ribands, in order to complete
the parallelism of the filaments, and to equalise their quality and texture.

5. The slubbing operation, whereby the drawings made in the preceding process are
greatly attenuated, with no more twist than is indispensable to preserve the uniform
continuity of the spongy cords.

6. The intermediate slubbing, another doubling and further attenuation, which is

however, omitted in the spinning of coarse yarns.

7. The roving, which is simply a repetition of the doubling and drawing accom-
plished in the intermediate process, but leaving the cotton in a still more attenuated
condition ready for the next process.

8. The spinning process, which completes the extension and twisting of the yarn.
This is accomplished either with the throstle or the mule. By means of the former
machine the thread is spun with a larger proportion of turns or twists, and is thus
m.-ide tough and strong for purposes requiring yarn that will not readily break—as in
the warps of stout fabrics. By moans of the latter, yarns of less strength are produced
such as the warps of lighter fabrics, and wefts of all kinds. The latter process, beiii'^
the less costly of the two, is preferred in cases where its results are otherwise suitable
to the particular end in view,
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9. Tlio yarn thus comploted is now converted into tlio special fabric for which it has
boon proparod—by ono or other of tho following processes :

—

a. IVeavinff for which, liowovor, certain preparatory operations arc needed. The
warps must bo formed, first, by winding tho yarn on largo bobbins, ono continuous
tliroad on each. From a given number of bobbins tho requisite number of threads
aro then laid side by side upon beams. These again aro passed through the nizing

machine, which adds strength and elasticity to tho threads of tho warp, enabling them
more successfully to resist tho necessary strain of wearing. Tho weft needs no pre-

paration after leaving tlie mulo, but is placed at once in tho form of a ' cop ' into tho
shuttle.

b. Doubling.—In this process two or more threads are twisted together ; tho doubled
yarn being then either converted into warps for woven goods of special strength, such
as double warp calicoes, fustians, velveteens, and cotton velvets ; or is carried forward
through ono or other of tho following operations.

c. Reeling and Binding.—Here tho yarn is wound into reels or skeins and packed

in bundles for the purpose of exportation, or for dyeing or bleaching, or for the manu-
facture of hosiery.

d. Singeing and Polishing.—By the first of these processes the thread passes through

jets of gas flame, and thus loses its superfluous fibres ; by the latter, having first been

dyed, it acquires a high degree of glossiness, and is then used for admixture -with silk

in the mixed goods which of lato years have become popular, under the designation of

Japanese silks, &c.

There are few instances in which the whole of these operations are carried on in the

same factory. To a large extent even the two fnain divisions—spinning and weaving

—are the work of separate firms and establishments. Usually, however, these two are

combined. In order the better to illustrate these main features of the factory system,

we now proceed to describe a concrete example—that of a cotton mill at Stockport,

containing 61,400 throstle and mule spindles, and 1,320 looms.

The mill consists of a main body with two lateral wings, projecting forwards, tho

latter being appropriated to store-rooms, a counting-house, rooms for winding tho

yarn on bobbins, and other miscellaneous purposes. The building has six floors,

besides the attic story. The ground-plan comprehends a plot of ground 280 feet long

by 200 broad, exclusive of the boiler sheds.

The right-hand end, a {fig. 638) of the principal building, is separated from tho

main body by a strong wall, and serves in the three lower stories for accommodating

two ninety-horse steam-engines, which are supplied with steam from a range of boilers

contained in a low shed exterior to the mill.

The three upper stories over the steam-engine gallery are used for unpacking,

sorting, picking, cleaning, willovdng, and lapping the cotton wool. Here are the

willow, the blowing, and the lap maclunes, in a descending order, so that the lap

machine occupies the lowest of the three floors, being thus most judiciously placed on

the same level with the preparation room of the building. On tho fourth main floor

of the factory there are, in the first place, a line of carding engines arranged near

and parallel to tho windows, as shown at b b, in the ground plan {fig. 538), and, in

tho second place, two rows of drawing frames, and two of bobbin and fiy frames, in

alternate lines, parallel to each other, as indicated by d, c, d, c, for the drawing

frames, and e, e, e, e, for the bobbin and fly frames in the ground plan. The latter

machines are close to the centre of the apartment.

The two stories next under the preparation room are occupied with throstle frames,

distributed as shown at p f, in the ground plan. They stand in pairs alongside of

each other, whereby two may be tended by one person. These principal rooms aro

280 feet long and nearly 50 feet wide. The two stories, over the preparation room,

viz the fifth and sixth floors from the ground, are appropriated to the mule jennies,

which are placed in pairs fronting each other, so that each pair may bo worked by one

man Their mode of distribution is shown at a g, m the ground plan.
_

The last

single mule is seen standing against tho end wall, with its head-stock projecting in the

™Thl^"ground floor of the main building, as well as the extensive shed abutting behind

it, marked by n, e, h, in the plan, is devoted to the power looms, the mode of placing

which is plainly seen at h, h, h. . . .

The attic story accommodates the winding frames, and warping mills, and the warp

sizing machines, subservient to power weaving.

Some extra mules (sclf-actors), are placed in the wings.

We shall briefly sum up tho references in the ground plan as follows :—

A, tho ground apartment for the steam-engines.
. , ^ • ;„ ,

b! the distribution of tho carding engines, the moving shaft or axis runmng in a

straight line through them, with its pulleys, for receiving the driving Danas.
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c c, the dr<iwiug frames.

D D, the jack, or coarse bobbin and fly frames.

538

E E, the fine roving, or bobbin and fly frames.

t, the arrangement of the throstle frames, standing in pairs athwart the gallery, in

the 2nd and 8rd flats.
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o tho mulos aro hero roprosontod by thoir roller beams, and the outlines of theirhead-stocks, as placed in tho 6th and 6tli stories.
H, tho looms witli thoir driving puUoys projecting from tho ends cf their main axesSometunes tho looms aro_ placed in parallel straight lines, with the riggLTunoroftho ono a ornately projected mom than tho other, to permit tho fteo pky of the

^Ifriv^.; f
' .'^"^"t^f are placed, as generally in this engraving, alter!natoly to the right and loft, by a small space, when the pulleys may all project equallyTho former plan is tho one adopted in Mr. OrroU's mill.

^ ^ "i J^-

buiidbg^°^°"*^^
cast-iron girders which support the floors of this fire-proof

K, K, are closets placed in each floor, in tho recesses of a kind of pilasters built
against tho outside of tho edifice. These hollow shafts are joined at top by horizontal
pipes, which all terminate in a chest connected with tho suction axes of a fan whereby
a constant draught of air circidatos up the shafts, ventilates tho apartments,' and pre-
vents tho reflux of oifonsivo offlu^aa from the water-closets, however careless the work-
people may bo. Tho closets towards the ono end of tho building aro destined for the
men ; towards the other for tho women.

_L, L, are the staircases, of a horse-shoo form, tho interior space or shaft in tho middle
being used for the teaglo or hoist. In tho posterior part of the shaft a niche or groove
is left for tho counter-weight to slide in, out of the way of the ascending and descend-
ing platform.

M, M, aro tho two porters' lodges, connected to the corner of each wing by a hand-
some iron balustrade. They aro joined by an iron gate.

It will be observed that the back loom-shed has only one story, as shown in section
(Jig. 540). In the ground plan of the shed, n represents the roofing, of wood-work.
The rafters of the floors rest at their ends upon an iron plate, or shoe with edges (as
it is called), for the girders to bear upon.
Tho power for driving the machinery is conveyed from the engine-rooms by shafting

in the usual
_
manner. To the horizontal ramifications from tho upright shaft any

desired velocity of rotation may bo given by duly proportioning the diameters of tho
bevelled wheels of communication between them

;
thus, if the wheel on the end of tho

horizontal shaft have one-half or one-third the diameter of the other, it will give it a
double or a triple speed.

In tho lowest floor, the second bevel wheel above the stone block drives the hori-
zontal shaft e, seen in the ground plan ; and thereby the horizontal shaft /, at right
angles to the former, which runs throughout the length of the building, as the other
did through its breadth, backwards. The shaft / lies alongside of the back window
wall, near the ceiling ; and from it the transverse slender shafts proceed to the right
and left in the main building, and to the shed behind it, each of them serving to drive
two lines of looms. These slender or branch shafts are mounted with pulleys, each of

which drives four looms by four separate bands.

In the second and third floors, where the throstles are placed, the shaft d is seen in

the section to drive the following shafts :

—

Upon the main upright shaft d {jig. 540), there are in each of these stories two
horizontal bevel wheels, with their faces fronting each other (shown plainly over d d),

by which are moved two smaller vertical bevel wheels, on whose respective axes are

two parallel shafts, ono over each other, g g, which traverse the whole length of the

building. These two shafts move therefore with equal velocities, and in opposite

directions. They run along the middle space of each apartment ; and wherever they

pass the rectangular line of two throstle frames (as shown at f in tho ground plan)

they are each provided with a pulley ; while the steam pulleys on the axes of two

contiguous throstles in one line are placed as far apart as the two diameters of the

said shaft-pulleys. An endless strap goes from the pulley of the uppermost horizontal

shaft round tho steam or driving-pulley of one throstle frame ; then up over tho pulley

g, the second or lower shaft, g ; next up over tho steam pulley of a second throstle

;

and, lastly, up to the pulley of the top shaft, g. See g g in the throstle floors of tho

cross section.

In the preparation room, three horizontal shafts are led pretty close to the ceiling

through the whole length of tho building. The middle one, h (see the plan, fig. 538)

is driven immediately by bevel wheels from the main upright shaft d
( fig. 539). Tho

two side ones i, i, which run near the window walls, are driven by two horizontal

shafts, which lead to these side shafts. The latter are mounted with pulleys, in

correspondence with the steam pulleys of the two lines of carding engines, as seen

between the cards in the plan. The middle shaft h, drives the tAvo linos of bobbin

and fly frames, e, e, e, e (see cross section), and short shafts ?, i, soon in the cross

section of this floor, moved from the middle shaft h, turning tho gallows fixed to tho
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ceiling, over the drawing and jack frames, give motion to the latter two sets of

machines. See c d in the cross section.

540
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To drive the miiloH in the uppormost story, a liorizontal shaft k (soo longitudinal and
cross sections, us woll iis ground phm) runs tiirough tho middle lino of the building
and receives motion from bevel wheels placed on tho main upright shaft, d, imme-
diately beneath the ceiling of tho uppermost story. From that horizontal shaft, k, at
every second mule, a slender upright shaft, I, passing tiirough both storicB, is driven
(see both sections). Upon these upright branch shafts are pulleys in each story, one
of which servos for two mules, standing back to back against each other. To the
single mules at the ends of the rooms, the motions are given by still slenderer up-
right shafts, which stand upon the head stocks, and drive them by wheel-work, tho
steps (top bearings) of tho shafts being fixed to brackets in the ceiling.

In tho attic, a horizontal shaft m m, runs lengthwise near the middle of the roof,
and is driven by wheel-work from tho upright shaft. This sliaft, m, gives motion to
the warping mills and dressing machines.

In Great Britain and throughout tho greater part of tho European continent the
motive power used in cotton factories is derived almost entirely from steam ; but in
the United States and in Switzerland the largo amount of available river fall is so
great that water-power is extensively employed in tho manufacture of cotton : tho
proportion in tho United States being 21 horse-power of water to 1 horse-power of
steam, and in Switzerland 3 '4 of water to 1 of steam. A further peculiarity in the

construction of American cotton mills is that the motion is communicated from the

steam-engine or turbine or water-wheel, as the case may be, not through the medium
of wheels and shafting as shown in our illustrations, but by means of huge leather

bolts and drums or pulleys. This plan, originating, no doubt, in the formerly very
high price of iron in the United States, is stated to bo more effective and economical
than the European method already described.

The latest complete return of the number and extent of tho cotton factories of the

United Kingdom was presented to Parliament in 1871. Erom this return we give tho

following particulars :

—

Cotton Eactories in Great Britah

Number of cotton factories .

„ carding engines .

„ combing machines
spinning spindles

doubling spindles

„ power looms

„ power loom weavers

Amount of steam-power (horse-power)

„ water-power „
Total number of persons employed

I)

and Ireland.

2,483

65,960

1,906

. 34,695,221

. 3,523,537

440,676

165,341

300,480

8,390

449,087

The growth during recent years of the cotton manufacture in the United Kingdom

may be pretty accurately gauged by the comparison of a few particulars from the last

four Parliamentary returns, those of 1856, 1861, 1868, and 1871. Thus :—

Number of 1856 18G1 1868 1871

Spinning spindles

Power looms
Persons employed

28,010,217

298,847

379,213

30,387,467

399,992
451,569

32,000,014

379,329
401,064

34,695,221

440,676

449,087

In the United States the progress of the cotton manufacture has been since 1860

relatively much more rapid than in this country. From the Census returns of 1860

and 1870, the only complete and official statistics bearing upon this subject, we take

the annexed figures :

—

Cotton Factories in the United States.

1860

Number of spindles .... 5,235,727

„ power looms . . . 126,313

„ persons employed , . 122,028

The following estimate, based upon official returns or upon a comparison of the best

accessible information, of tho number of cotton spinning spindles and the weignt oi

cotton consumed in each of tlio manufacturing countries in Europe and America wiu

furnish an approximately correct idea of the relative importance of the cotton inaustry

in each at tho present time (1874) :

—

1870

7,132,415

157,310

135,369
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Spindles Cotton consumed, lb?

urOuG Jjriiuiu uiiL 1 ftdA

TTniforl Qf-nfoa
• t •

ATf* AAA AAA47o,00U,0U0
o,zuu,uuu AAA AAA197,000,000
f{ 1 iiA nn/i OOO AAA A/'l/V

iJzo,000,000
Slxpi^iyoT*! jt 11 (\kJWlLiiDllclIH.1 .

l^ti AAA A/\A00,000.1)00
* •

• i5,UUU,U0U 120,000,000

106,000,000
Spain . • • • . 1,400,000 67,000,000
Eelgium • 650,000 27,000,000
Italy . 500,000 24 000 oon
Sweden, Norway, and Denmark . 300,000 18,000,000
Holland 250,000 9,000,000

Total . . 63,000,000 2,592,000,000

COTTOWr-GXig". The great mass of scods with which the woolly fibres of cotton
are accompanied, and to which they adliere most tenaciously, must of necessity be re-
moved before the cotton can bo turned to any useful purpose. This operation, called
ginning, is always performed as near as possible to tlie place of gi-owth. Formerly the
object was effected by the rudest handicraft methods, such as are indeed still followed
in some parts of India. These methods were, however, very slow and costly. It was,
therefore, an important step forward in the history of cotton culture when Eli "Whitney!
an American, in the year 1793, made known his in- ,

vention of the saw-gin. The working of this machine
will be readily understood on reference to fig. 641,
where a b is a sectional view of a roller, about
9 inches in diameter, revolving in the direction of the
arrow. Throughout the length of the roller a series
of circular saws, at intervals of about an inch and
a half, projects beyond the wooden portion of it.

Above the cylinder, a hopper e f contains the seed
cotton, which falls upon a grating, so placed as to
allow the teeth of the saws when revolving to lay hold of the fibres of cotton and
pull them through the grating. The seeds being thus left behind roll down the slope
of the grating, and are discliarged at the spout i k. The brush m revolves against the
teeth of the saws for the purpose of clearing them of the adherent fibres.
The saw-gin has in several respects been modified since its invention, with the effect

of considerably increasing the out-turn, but the principle remains essentially the same
as we have described. Tiie quality of its work, however, leaves room for improvement.
The rough teeth of the saws do not use the fibre gently enough, but cut and ' nep ' or
knot It, especially when the machine is allowed to get out of order or is carelessly
employed. Quite recently, an American inventor has hit upon an expedient which is
said to go far towards remedying these defects. This modification consists in substitu-
ting, for the circular saws, rows of pointed smooth steel wire teeth, which, whilst effectual
tor the purpose of drawing away the cotton from the seeds, present no rough corners or
surfaces to the passing fibre.

Calvert's toothed roller gin, illustrated hy Jig. 542, may be considered as a modifi-
cation ot the saw-gm. a is a perspective and b a sectional view, a is a box to hold
the seed cotton, b is the hopper, and d is the toothed roller which draws away the

Z disengagement of the seeds is aided by the fluted roller c
The Macarthy gin differs from the saw-gin mainly in substituting for the saws a

roller, covered longitudinally, at intervals, with strips of leather set on spirallv A
blunted knife, working alternately up and down at right angles to the axis of the rollerand along its entire length, serves to strike off the adherent seeds at the point where
the fibre is being drawn through. This machine is not capable of doing as much work
as the saw-gin

;
but, on the other hand, it delivers the cotton in very food condition

and IS on this account preferred for the longer stapled and more valuable varieties'
-Successful efforts have been made to remove the objection to the Macarthy ein on theground of Its comparatively small out-turn, but the inability of the native labourers
in most cotton-producing countries to work and keep in order any but the simplest

machber
hitherto prevented the extensive adoption of the improved

Another variety of cotton-gin is known as the Lock Jaw or Cowper's Gin Thismachine is intermittent in its action. It nips the fibre firmly, whilst an "instri!mont pushes off the seed; then it releases its hold, allowing the clean fibre to mssawa^ A fresh quantity is then brought in, held in like manner, and so detached SZ
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tho sood. Thoro is no sliding nnd rubbing action, as in the Macarthy Gin ; or sawing of
tho libro, as in tho saw-gin. Tho closing of tho nipping bkdo ujwn tho fibre is so

a 542 h

like the action of a jaw, that the rosomblance has given to this machine its best known
name.

Fig. 543 shows a perspective view, and Jiff. 544 a section, of it : N is the nipping

543 644

blade, n the roller on which are arranged tho strips of leather, i. These coi»e ^oto

action one after the other, in order to form one side of the pair of jaws to act witnthe

nipping blade ; fino combs, c, are also attached to tho roller between the strips ot

leather (when short-stapled cotton is being combed), s is a shaft, with cranks, to move

the boater, b, and excontrics to move the nipping blade, n, which latter is contined

by links, k, causing it to movo in a curved elliptical path, f is a bar to nu up uie
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space between the roller and beater, and d is a doffer to take the clean cotton off tho
roller. At tlio time when the nipping blade n approaches the roller a, it is moving in
the same direction, and at the same surfoce speed ; and as it approaches it nips upon tho
fibre, or locks it last between its edge and the strip of leather on tho roller - the beater
1. then coDios up quickly, and pushes off the seed a short distance, thus' separating
the fibre when it is held close up to the seed, and obtaining it, necessarily of its full
natural length.

It will be inferred from the description of this invention that it answers one ofthe essentials of a_ good cotton-gin in that at inflicts little damage upon tho fibre
riiere IS, however, in tins case as in others tho practical difficulty that those whohave to use the machine have too little skill and intelligence to use it profit iblv A
further obstacle to tlie adoption of the beft inventions when they happen as is usualiv
the_ case, to be somewhat complex, is the great distance of the cotton-fields from

tifnSre^'^ ""^ impossibility of promptly executing

Enough has been adduced to show that the operation of cotton-ginnino- simple
It may appear to be, occupies a prominent place in the chain of processes by which thisnatui-al product is at last made useful for the ser.-ice of mankind. It is also evident

fvl ^^'T'
'^"^ ""'^'^ ^^^'^ti^g separation of the fibrefrom_ the seed are all more or less objectionable. The great losses arising from badgmmng can scarcely be appreciated by those who are not practically acqufinted^ththe various quahties as they come to market. We may observe, however that^heKeport of the Commissioners appointed to examine and value th^ sZpIes of cotton

COTTOXr OVW. See Gun Cotton.

thf P^'^^^i'^^ '''"^^y of cotton-seed for any other purpose than

very unwholesome. Means have bee^Lnd t™^^^ rtfvbSifd-r if^^lthe cotton-seed is now taking high rank, am^ngrigrlcStS prof^^^^^^ the LTceof no less than three valuable commodities viz • Oil n-,M^ L^^ a
"^^^ ^oui-ce

The method of treatment as practisedS ThVuniL st£t
^

Be-ginmng, by a special apparatus which entirely clears offthe shoi fi\.i f .l >making theni available for paper manufacture f s crdly 5
external husk is removed and this nwfli-n ^n^^ ^'-f^ .^^^^ tlie

thirdly, the kernelTs sugec^ed to thT^^^^^^^^ ""''f'^
- ^

operation are a valuable oil and a ittle-Ld caS^^fi^^ J l^'^'^r'
°^

their place as important articles of c«rce Mtlv L Lnin.an average of one half huSk and one half kernel The gJn^f^^^^^^ '''i
°°

about one third crude oil and two thirds cafce
^ "^^'"^ '^^^"^^^^^

Some idea of the wide field opened up bv'this nfiw ^ .

formed from a rough statement of the ouantitl 1^ -f ?^ manufacture may be
the American cotton c^pT4 000 000^^^^^^^ Taking
seed, on an average of estimates, may S put doTn aJ t£ee ^Zf""'

''''
f.^'^^^'^^^or 2,400,000 tons. Allowing one half this ouan^rtv fnr^-^ ^ ^

main 1,200,000 tons of the American cZ formaS.f, -
^""^ ^^^ovnng, there re-

yield of the crop of India, Egypt BraS Ld n?W ^^^^^^P available
two thirds of this amount ™tifunrr?ve a an tT^f" «^™cely be less than
annual supply of cotton-seed capable of^Lg t'neftTi^^ ^^^^^ ''''

IS now being wasted. The quantity of ooHn^i!^ • ^^^T^^V^^^e ^es, most of which
almost entity for manufaSHu^ rw^s i^^^^^^^^^
1,526,652^.; in 1872, 167,936 tons, lalStT4<S^79./

^^^l, 174,392 tons, valued at
valued at 1,608,975/.

vaxueaat 1,404,724/.
; and during 1873, 207,755 tons,

-^if'^ounas^™^ the tropical
peculiar fitness, is destined, h^ve led to SderahS h7 ^fo^d^^S to its

manufacture. The treatment suitable foT the
"^^'hods of

or for their conversion into bagginrcanlle-vdck offT,
^"'^g^.^r stapled cottons,

obviously very far removed from the^pr^cesses^S;^^^ t^fh T''.
clear and silky fibres fit it for the maSStiS^^ofTlvl ^li°se
removed is the treatment necessary in SSni ll rlf ^^^^ ^^"^ther
duction of the most delicato musliL anT?aces^ To dt'cl'' "'V'

''^'"^
P^°-

part of the many kinds of operations comprised JthiJ
""nutoness every

beyond the scope of this article. There^nt^&rwT^^^^^^^
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or proccfiRos common to all kinds of cotton-spinning. Those we shall follow in due

ordor, pointing out by the way such modifications of treatment as the chief varieties

of raw material and of finished product require.

The long distances traversed by the cotton in its passage from the field to the

factory require that every available expedient bo adopted to abridge the cost of

transmission. A groat part of the cost consists in the cliargo for sea freight, which is

reckoned according to bulk and not according to weight. Hence nearly all kinds of

cotton, and especially East Indian descriptions, are compressed by means either of a

screw or a hydraulic press into an exceedingly small space. The effect of this process

is to cause the fibres to bo almost woldcd together in solid masses ; and when the

bales are opened the cotton is seen to lie in hard layers, very unlike the fleecy and

cloud-like condition in which it leaves the gin. The first purpose, therefore, to which

the use of machinery is directed in cotton-spinning is the loosening or opening of the

fibres. With this process is necessarily associated the cleansing of the cotton, the

separation from it of as much as possible of the sand and other impurities with which

it is often too freely associated, as well as of the seeds, which in a whole or a broken

condition have escaped through the gin, and adhere very tenaciously to the fibres.

The various kinds of machines in use for these purposes are known as Willows, Openers,

or Scutchers.

Before proceeding to describe this class of machinery, however, it is desirable to say

something with reference to the mixing of cotton. Under the head of Cotton we have

alluded to the most distinctive characteristics of the principal varieties. But there

are many minuter differences in every description, differences of length, strength,

colour, texture, and general working qualities, with which only the practical^ cotton-

spinner is acquainted. This is a section of technical knowledge which nothing but

experience can give ; and it is a mark of skill to be able so to combine or to set off

these qualities against each other as to turn them to the best account. Hence the

selection and the proper admixture of various growths and descriptions of cotton is no

small part of the work of the spinner. Moreover, it is found in practice that even in

the same ' grade,' or quality, there is considerable variation between one bale and

another, and not unfrequently even in the same bale. The period of the harvest-time

at which the cotton is picked, the kind of weather at the time, the part of the plant

on which it is grown, and other circumstances, contribute to diversify greatly the

produce of the same plantation. And however carefully it may be classified, im-

portant differences will remain. But there is reason to believe that care of this kind

is not common. The best method of overcoming these last-named differences is to

mix together as large a number of bales and to blend them as intimately as possible

by spreading out the contents of each bale on a large stack in parallel layers, in such

manner as that when it is raked down from top to bottom a small portion of each bale

will come away. By this means the irregularities in the subsequent processes and in

the thickness, strength, and evenness of the yarn, will bo minimised.

The freeing of cotton from its grosser impurities is not an easy undertaking, and

during the American Civil War when coarse, dirty, and badly-gained growths wpre

forced into consumption, much difficulty was experienced for want pf effective cleamng

machinery. During this period the Cotton Opener of Messrs. Crighton and Co. was

546

introduced, and extensively adopted for the special P"^P°«^ J'^JS
piachine i^ illustrated in vortical section hyfy. 545. The cotton f?d dow5 the
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open pipe a, to tlie bottom of the vortical beater b. This beater revolves rapidly, its

arms striking the cotton against the grids c c, by which it is surrounded, and sepa-

rating the dirt and leaf from tlie cotton. These fall into the dirt grid g, below, whilst

the draught from the fan, aided by the shape of the beater, causes the cotton gradually

to ascend, till it arrives at tlie discharge pipe, whence it descends to the bottom of the

next beater, and is again similarly operated upon. The cotton, after passing the second

beater, is discharged through a pipe to a cage e, and creeper d, and without any pressure

leaves the machine in an open, well cleaned, fleecy state.

Various other forms of Opener are in use. All, however, rest upon the application

either of centrifugal force, or of toothed rollers or cylinders for the loosening of the

(;otton, and upon the pneimiatic force derived from the fan for the purpose of drawing
away dust and other impurities. One recent improvement, however, we may mention
(that of Messrs. Lord, of Todmorden) which is not so much a separate machine as a
new method of feeding the opener. It consists in passing the cotton through a long
liorizontal tufce, the lower portion of which is gi-ated. The cotton is forced through
the tube by pneumatic pressure, created by the revolution of a fan in the ordinary
way. The distance traversed by the cotton serves to loosen it to a considerable ex-

tent, and to disengage much of the dirt from it, whilst at the same time there is no
violent tearing or strain upon the fibre.

Perhaps the most common description of Opener in use is known as the Scutcher,

a name which is associated with a particular form of construction easily recognised in

Jiff. 646. The cotton is placed upon the travelling creeper marked a, which is made

646

of a number of narrow slips, or laths, of wood, screwed to three endless bands of
leather, the pivots of which are marked b and c. Motion is given to the roller e, by
a wheel on the end of the feed roller, thus causing the creeper to advance, carrying
with It the cotton to the feeding roUers d ; these revolving slowly pass the cotton to
the second smaller pair of fluted rollers, which sei-ve it to the beater. The top feeding
rollers are weighted by levers and weights e c, and hold the cotton sufficiently tight
tor the beater to act upon it. The beater is placed inside the macliine at / and ex-
tends quite across Its breadth, its shaft or axis being shown with the pulley upon it at 9.
I lie lorm of the beater varies, but we give the following as an example —On a shaft
are placed four or five spiders, each having three or four arms (fig. oil); . , -
to the ends of these arms are attached steel blades, which pass along the

'

whole length of the beater ; two of the arms being shorter than the
others, allow the blades attached to them to contain a double row of
spikes m each, the points of the spikes being at the same distance

onTx ^""'^ -^^^ ^^"^ ^^''^^es. As the beater revolves about
800 turns per minute, the blades and spikes strike the cotton with con-
siderable force as it is passed from the feeding rollers, and thus loosen
and disengage it from much of its impurity. Immediately under the feed rollersand beater are placed a number of wedge-shaped bars, which form a semicircular
grid, through the narrrow openings of which the dirt and seeds fall to the floor, theirremoval being effected through the doors in the framing. To prevent the cotton
passing with the dirt through the grid, a cun-ent of air, tf di-aw tL coinIrom hebeater to the cage, is produced by an exhaust fan (its axis being shown at h, fig bS)
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receiving its motion from a, pulloy on the boater shaft. The projection ion the framing
forms a pipo, through whicli the fan draws the air from the beater, passing on ite
way through a hirgo revolving cage or cylinder, tlio periphery of wliich is formed of
sheets ot perforated metal, or wire gauze. Its axis is shown at Jc.

From tho cage the cotton is delivered by a second travelling creeper, and falls into
a recoptiiele, from which it is taken and passed through the second Scutclier or Lap
machine, to which wo shall refer presently.

Fig. 648 exhibits a longitudinal sec-

tion of another kind of Opener, or first

Scutcher. The machine is about 18
or 19 feet long, and three feet across
within tho case. Tho -whole frame is

made of cast iron, forming a close box,
which has merely openings for intro-
ducing the raw cotton wool, for taking
out tho cleansed wool, and removing
the dust as it collects at the bottom.
Those doors are shut during tho ope-
ration of the machine, but may be
opened at pleasure to allow the interior

to be inspected and repaired. Tho in-

iroduction of the cotton is effected by
means of an endless cloth or a wooden
lath creeper similar to the one in fig.

543, which moves in the direction of
the arrows a a, at tho left end of the
figure, by passing round tho continu-
ally revolving rollers b and c. It is

then delivered to the feed rollers e.

The double-armed beater fe turns in

the direction of the arrow, and strikes

the cotton violently as it enters, so as

to throw down any heavy particles upon
the iron grating or grid at ii, while the

light cotton filaments are wafted on-
wards with the wind, in the direction

of arrow a' along the second travelling

apron. A is a cylindrical cage made
of wire gauze or perforated zinc, from
which the air i-s exhausted by means
of a fan formerly placed at some dis-

tance from the machine, and communi-
cating with it through a pipe fixed at

the opening k. Now, however, the fan

is placed below the machine, and com-
mimicates with the cylindrical cage, as

described in fig. 546. The cage Ti, by
its rotation, presses down the half-

cleaned cotton upon the cloth a', which
carries it forward to the second beater

/', by the second set of feed rollers c'.

The second beater throws down the

heavy dust upon the second grid

through which it falls upon the bottom

of the case. The cotton is wafted by
the second beater into the space x w v;

provided with a .fine grid bottom. In

fig. 648 an additional ventilator is in-

troduced beneath at m o, to aid the action of the scutchers in blowing the cotton

onwards into the oblong trough a. The outlet of that fan is at t ;
and it draws in tho

air at its axis q. u and v, are two doors or lids for removing the cleaned cotton

wool. This last fan is suppressed in many scutchers, as the scutching arms sup-

sufficient stream of air. Tho dotted lines show how the motion is trans-

6' 6' repre-mittod from tho first mover at s, to the various parts of the machine,

sent the bands leading to tho main shafting of the mill.

Tlie nccond Scutcher or Lap machine differs from the first Scutcher only in t^o re-

spects. Tho cotton as it passes out of the machine is coiled in a continuous broad sneet
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or coil iipon a roller. This coil, called a lap, it is necessary to make as even in thick-

ness as possible, hence a further distinction^ of the second scutcher consists in its

being provided with the means of approximately securing the desired evenness.

Formerly tliis was accomplished hy making the feed-cloth or apron into equidistant

spaces and spreading equally a given weight of cleaned cloth upon each space. This

plan is still followed in many factories. It has, however, been largely displaced,

on account of the costliness of

the manual labour involved,

by a mechanical contrivance

invented by Messrs. Lord, of

Todmorden, and known as

Lord's regulator. This ap-

paratus is connected with the

feed rollers, and is made to

increase or diminsh their

speed inversely as the thick-

ness of cotton passing be-

tween them, thus approxi-

mately securing a uniform
rate of delivery to the beater.

This invention has been fur-

ther improved by Messrs.
Lord, who have added what is

known as the ' Piano Motion

'

the purpose of which is to

obtain greater delicacy in the
actiiDn of the regulator, and
to counteract the minuter
variations in the thickness

of the cotton as it enters the
machine. In the improved
regulator, the trough or plate

under the roller, or rollers,

which supply cotton to the
beater, instead of being in
one piece as heretofore, is

divided into any convenient
number of parts, each part
being acted upon by a weight
or spring, their object being
to press the fibres between
the trough, or plate, and tho
feed roller, so as to prevent
them being drawn forward
unevenly by the beater, and
to prevent 'snatching.' The
variations in the quantity of
cotton fed to the machine pro-
duce corresponding variations
in the distance between the
divided trough or plate and
the feed roller, and thus in-

crease or diminish the quan-
tity of cotton supplied to the
machine.

In cases where Lord's regu-
latOT is applied the opener
must be made to lap the cot-

ton, instead of delivering it

into a loose mass. Three or
four laps are then made to

unfold together upon the feeding lattice or apron of the scutcher, with the obieet ofmaking tlio inevitable unevcnesscs of the first lap machine correct each other as far aa
possible, and thus aid tlio work of tho regulator.
A section of a Lap machine is shown in fg. 549, where wo see tho feed-cloth thescutching beater, the cylindrical cage, and tho rollers for coiling up tho lap The evershown below is for removing the pressure weiglit from the axis of tho lap rollers when
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a full lap is to bo removed, and replaced by an empty one. m, at the top, is the
commencement of tlio pipe -wliich leads to the suction fan, or ventilator.

It is to be observed that, different kinds of cotton require different kinds of treat-
ment in the opening and scutcliing operations. .Some scutcliers have only one beater,
others two or oven throe. Soniutimos the opener has two beaters, bo that altogether
the cotton is made to pass through as many as live beaters. As a rule, however, it is

well to beat or tear it as little as is possible, having in view tiie main purpose of this
operation, viz. to loosen and to cleanse it from the more palpable impurities. For not
only does the staple suffer from repeated strain, but the longer st^aplod cottons are liable

occasionally to got knotted or ' nepped,' and thus to introduce almost irreparable
mischief into the subsequent operations.

The operations of opening and scutching are exposed to frequent risks of fire.

Pieces of stone, of flint, of metal, and even boxes of lucifor matches aro not unfrc-
quently found in cotton. Whenever these pass into the machines and aro struck by the

beators, there is imminent danger of fire. Hence the rooms in which these operations

aro carried on aro almost invariably fireproof, and aro built quite separate from the rest

of the factory, communicating with it only by a covered fireproof gangway.

The cotton thus opened and to a certain extent cleaned is yet, however, in a very

unfit state for being spun into yarn. The fibres, on examination, will bo found

mingled in a confused mass, and whether straight, or curled, or folded, lying in every

possible direction. Moreover, it will be seen that there are amongst the longer fibres

many so short as to be unfit for conibination with them, some also will be knotted, or

' neppy,' and added to these imperfections many ' moats,' small pieces broken off the

pod or tho seed of the cotton, besides other forms of finer impurity. For the purpose

of separating the useful fibres from tho foreign accompaniments and laying them in

parallel order, we have the operation of Carding. The essential part of this operation

may bo described as the mutual action of two opposite surfaces, which aro studded

thick with oblique-angled hooks. Tho wires of which these hooks are made must bo

very hard drawn in order to render them stiff and elastic. The middle part of the

figures shows one of the staples or double tooth, the structure of which has been partly

explained under Cabd. Suppose a, fig. 550, to be a piece of a card fillet, and b to be

550

mmmmm
m

another piece, each being mado fast with pins to a board; tho teeth of these two cards

are set in opposite directions, but are very near together, and parallel. Now suppose

a flock or tuft of cotton placed between two such bristling surfaces. Let a be moved

in the direction of its arrow, and lot b be moved in the opposite direction, or even let

it remain at rest. Tho filaments of cotton will bo laid hold of by each set of tooth,

when their surfaces are thus drawn over each other ; the teeth of a will pull them in

a forward direction, while those of b will tend to retain them, or to pull them back-

wards. The loops or doublings will, by both movements, be opened or drawn out,_so

that the tangled fibres will be converted into rows of parallel filaments, lying alongside

or before each other. Each tooth will secure to itself one or more of them, and by tho

friction of its sides as well as tho hooks of its points, will draw them to their utmost

elongation. Though one stroke of tho opposite cards be inadequate to produce this

equable arrangement, yet many repeated strokes must infallibly accomplish the end m
view, of laying tho fibres parallel.

^ j .1

Lot us suppose this end effected, and that all the fibres have been transferred to the

card a, a transverse stroke of b will draw over to it a certain number of them, and in-

deed at each stroke there will ho a new partition between the two cards, with increased

parallelism, but still each card will retain a great deal of the cotton. To make one

card strip another, the teeth of one of them must bo placed in a reverse position, as

shown in fiq. 551. If a bo now drawn in the direction of its arrow along the fiice ot (>,

it will inevitably comb out all, or almost all, the filaments from it, since the hooks ot

b have, in this position, no power of retaining them. Even the doubled ^^lea ov

loops will slip over the sloping point of b, in obedience to the traction ot a. JJy consi-

dering these two relative positions of the cards, which take place in hand cards simply

by reversing one of them, any person will bo able to understand the play ot a

cylinder card against its flat top, or against another cylinder card, tho respective tooth
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being in what we may call the teasing position of fig. 550 ; and also the play of a

cylinder card against the doffer cylinder, in what may be called the stripping position

otfig. 551.

Cylinder cards, so essential to the continuity and despatch of cotton-factory labour,

were the ingenious invention of Le-\vis Paul, of Northampton, but were greatly

improved and brought into nearly their present operative state by Sir Eichard Ark-

wright. A carding engine consists of one or more cylinders, covered with card-

leather (sometimes card-cloth), and a set of plain surfaces similarly covered, made to

work against each other, but so that their points do not come into absolute contact.

Some cards consist entirely of cylinders, the central main cylinder being surrounded

by a series of smaller ones called rollers. These are generally used for preparing the

coarser stapled cotton.

Fig, 552 may be taken as a typical illustration of the carding engine, a is one

552

of the two upright slots, which are fixed at each side of the engine for receiving the
iron gudgeons of the wooden rollers round which the fleece of the lapping machine is
rolled. The circumference of this coil rests upon a roller h, which is made to turn
slowly in such a direction as to aid the unfolding of the lap by the fluted cylinders e. The
lap proceeds along the table seen beneath the letter c, in its progress to the fluted rollers •

y is a weight which hangs upon the axis of the upper roller, and causes it to press'
upon the under one : / is the main card cylinder

\ ggg, the arch formed by the flat
top cards ; h, the small card cylinder for stripping oflfthe cotton, and therefore called
the dofifer ; i, tlie doffer-knife or comb for stripping the fleecy web from the doffer •

i-ijTB, the lever mechanism for moving these parts. At there is a door giving

553
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over tho cylindor; and to make tho matter clearer, three of the tops are removedUpon tho arched cast-iron side of the frame, a ro^v of strong iron pin7/'sS festin the middle line

;
and each top piece has, at each of its ends, a hoirwhidi fi?s do^Supon two such opposite pins. II avo screws whoso heads 8 rvras sTpporte to tZops, by coming into contact with tho bottom of the holes, which are not of Sursebored through tho woods of tlie tops. By turning the heads of tLse screws aSe

Is to setZ tL"'t
"'^7' P^"'V"^'^y I'^ngth^ned or shortened in any de^e

"

them A' s th?.3 ^"''^^ adjustment with the cylinder teeth revolving beneathtliom A IS the small runner or urchin, and i' tho largo runner : both of which are

clotlor. The main cylindor is, on tho contrary, covered with card-cloth, in strips laidon parallel to Its axis, with interjacent parallel smooth leather borSs The tee hof these several cards are sot as represented in the figure, and their cylinders revolveas the arrows indicate. The runners as well as the doffer cylinder may be set niarlr

om?n.7-
-^^ ^yli^der/; but the screws intended for this Adjustment aJeomitted in the drawings, to avoid confusion of the linos

T'"^'^""? ?f f^^"
doffer Aby the crank and comb mechanism t /fc

the tin-plate or brass funnel n,Jiff. 552, whereby it is hemmed in andcontracted into a riband, which is then passed through between a pair of drawing
"^^^ ^6™'^°^ the rollers u v, which carry it off with equal velocitvand let it fall into the tin cans placed below, when it is not to be re-carded or conduct

It over a friction pulley, to bo wound along with many other card-ends upon a kp
roller or largo bobbin. In tho latter case it is then conveyed to the ' finisher ' carding
engine. °

. ^^^^m^'' P'^^^ °^ ° ^^^^'^ extension of the card-end, and reduce its
size. The under rollers are made of iron and fluted ; the upper ones are also made of
iron, but they are covered with a coat of leather, nicely glued on over a coat of flannel,
which two coats render them both smooth and elastic. Two weights, w, press the
upper cylinder steadily down upon the under ones. Between the first and second pair
there is a certain interval, which should be proportioned to tho length of the cotton
staple. Tho second, or that furthest from the funnel, revolves with greater velocity
than the first, and therefore turns out a greater length of riband than it receives from
Its fellow

;
the consequence is, a corresponding extension of the riband in the interval

between the two pairs of rollers.

The motions of the several parts of the engine are effected in the following way :—
The \iariA,pp,fig. 553, which comes down from the pulley upon the main shaft near
the celling of the work-room, drives, by means of the pulley q, the cylinder /^f^. 652.
From another pulley, r, on the axis of the cylinder, the axis of t is driven by the
band s worlcing round the pulley t on its end. This shaft drives the crank and lever
mechanism of the stripper knife i. A third pulley of the same side as r is fixed just
within the frame to the other end of the cylinder, and from it a crossed or close
band r' goes to a pulley upon the small runner A', to give this its rapid rotation.
Upon the opposite end of the engine in^. 662, these wheels and pulleys are marked
with dotted lines. Here we may observe, first, a pulley y upon the cylinder, and a
pulley a', which receives motion from it by means of the band z. The axis of a',

carries in front a pinion to', which sets in motion the wheel The latter imparts
motion, by means of a pinion and intermediate wheel o', to the wheel A on the doflFer,

and consequently to that cylinder on the one hand ; and it turns, by the carrier
wheel y, a wheel x, whose axis is marked also with a: in fig. 553, upon the other hand.
The axis x',fig. 552, carries, towards the middle of the engine, a very broad wheel,
which is represented by a small dotted circle. The toothed wheel v of the smooth
roller v',fig., 552, and the two toothed wheels oo,fig. 553, of the under rollers oo,fig.
552, work into that broad wheel. The wheel of the second or delivery fluted roller is

seen to be smaller than that of the first, by which means the difference of their

velocities is obtained. The large runner i is driven from the main cylinder pulley, by
means of the band s', and the pulley u', fig. 552. The said band is crossed twice, and
is kept in tension by the pulley f, round wliich it passes. The motion of the fluted

rollers e, which feed in the cotton fleece, is accomplished by means of a bevel wheel
h' on the end of the doffer, which works in a similar whael c' on the oblique axis d'

(dotted lines across the drum) of the pinion e' upon the lower end of the same axis'

which turns the wheel/', upon the under feed roller.

Each of the feed rollers, 553, bears a pinion ee at one end, so that the upper
roller turns round with tho under one. The roller b, fig. 552, is sot in motion by
means of its wheel x' ; whicli is driven by a wheel v' on tho other end of the under feed

roller, through the intervention of tho large carrier-wheel w'. The original or first

motion of b must bo as quick as that of the fluted feed rollers e, in order that the

former may uncoil as much lap as tho latter can pass on.
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The annexed Table exhibits the relative velocities of the difForent cylinders and

rollers of the carding engine, which, however, are not invariable, but may be modified

Names of the Parts
Diameter in

inclies

Circumference
in inches

Kevolutions
in one minute

Velocity

Main cylindery • . . 35 109-9 130- 142-87

DoiFer h , 14 43-96 4-38 192-5

Kunner or urchin i' 6-25 19-62 5- 98-1

Ditto h' 3-5 11- 470- 5170-

Fluted feed roller e

.

1-167 3-664 0-696 2-55

First drawing roller o 1- 3-14 68-71 215-75

Second ditto .... 1-167 3-664 114-62 419-6

Smooth delivery roller v . 2-5 7-85 54-66 429-08

654

according to circumstances, by changing the pinions ^,Jiff, 552, and u/ according to

the quality or length of the cotton staple.

Fig. 654 is a plan of the card and the fleece,

where k is the cylinder, n is the funnel, u
the pressing rollers, and h' the card-ends in the
can.

Fiffs. 555, 556 may be studied in order to

facilitate the comprehension of these complex
machines. Fig. 555 is a plan : f is the main
cylinder ; m m is the doffer knife or comb

; g,

the carded fleece hemmed in by the funnel a,

pressed between the rollers b, and then falling

in narrow fillets into its can. Fig. 556, k i are
the feed rollers ; A b, the main cylinder ; c d,

the tops ; e f, the doffer card ; m n, the doflfer

knife ; d, b, c, the card-end passing between
compressing rollers into the can a.

Fig. 557 is a carding-engine without top-flats, being entirely covered with rollers
and clearers. This kind of engine is very well suited to the preparation for the lower

555 556

and lower medium
'
counts

' of yarn. For finer descriptions, the use of ' flats ' or ' tops
'

13 almost universal. ^

The same;?^. (557) will serve to illustrate one of the most modern forms of carding
engine, If the reader will suppose two additional rollers placed under the licker-in

;all three rollers being of the same size, clothed alike and revolving in the same direc-

ff ^0 each other and to the main cylinder. This engine known

H^iilnc ?°c^
Automatic Carding Engine, is made by the patentees, Messrs. W.

Ifi Lf? 1-°"^
^l''"';

Ji^therington & Sons. Its action is as follows:

irl..T,?« tl?

4«l'^^™^,ty tl^? feed rollers to the licker-in as usual; but before
t reaches the main cylinder it is brought into contact with and is carded by thentermediate roUer, which allows only the carded portions of cotton to pass thrmigh

j!! 1 ff
"'-^^^^^ being taken hold of by the intermediate roller, and

^ m f r''\^^'^''''° ^f"^^^* the bottom roller, which
til further cards and separates the fibres of cotton, allowing an additional portion tobe delivered to the cylinder the remainder being taken on by the k>ttom roller andlikewise deposited on the cylinder. Thus, instead^f the cotton being delivered in flaky
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masses upon tho cylinder by the lickor-in, as in the ordinary mode, it is first well opened
and carded, Koparutod from dirt and seeds at the most convenient point, and then dis-
tributed lightly and evenly over the main cylinder at three separate points.

Fig. 657 also exhibits a view of a 'coiler' immediately in front of the carding

657

engine. By means of tliis ingenious contrivance the sliver or riband of cotton instead

of coming directly out of the rollers and falling into the can, is made to pass through
the upper portion of the coiler, which folds itself with a circular coil into the can placed

upon the flat disc-stand at the foot of the coiler. The disc, and with it the can, is

made to revolve very slowly in a contrary direction to tliat of the coiler, and thus

every part of the can is equally filled, and the appearance of the sliver when taken cut

of the can is that of a series of neat and closely-packed spiral convolutions.

In some districts where the yarns spun are of medium 'counts' or thickness
' double carding engines ' are used, engines in which there is a second cylinder fed

directly by the doifer of the first. These machines turn out a large quantity of work,

and in the preparation of coarse cottons are efficient and economicaL

The efforts to improve the carding engine have of late years been directed rather to

cleaning and maintaining the efficiency of the engine than to any changes in its

method of working. The delicate points of the wires both on the cylinder doffer

rollers and flats of the machine need to be kept constantly sharp. Frequent ' grinding

'

is therefore necessary. This is accomplished by friction against prepared surfaces of

emery. Formerly manual labour was necessary to effect this purpose as regards the

cards on the cylinders. Now, however, it is accomplished entirely by mechanical

means. The most recent improvement of this kind is the grinding roller of Mr.

Horsfall, which is made to traverse the wddth of the cylinder in contact with the wires

whilst they are revolving rapidly in a backward direction. It is obvious that the

impurities remaining after scutching must tend to clog Tip the wires of the carding

engine. And, as a matter of fact, some parts of the cards need to be cleansed niany

times in a day. Especially is this the case with flats. This operation called ' stripping

'

was until late years a very laborious ouo ;
now, however, the labour is much lighter,

in consequence of the various contrivances for machine stripping. The most impor-

tant inventions of this kind are the self-stripping flats of Mr. Evan Leigh, of

Buchanan, and Mr. Wellman. Of the last two there are many modifications, and

indeed the mechanical stripping of carding engines is still in a state of progress.

It has already been sttited that in preparing the longer sbi^led cottons for the

spinning of fine yarns, a single carding operation is not sufficient. After passing

Uirough the first Or ' breaker card,' the cotton is put through the ' finisher.' Even the
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finisher card, however, has now been superseded where it has been desired to spin the

best fine yarns, by tlio Comhhifj MacJdne. Tliis important invention, the discovery of

M Heilmann. an Alsaciau, though patented in England in 1 840, was first brought

into general notice at the London Exhibition of 1851. The patent right so far as it

related to the preparation of cotton was purchased by a company of five Manchester

spinners for 30,000?., and for a time these firms enjoyed the exclusive use of the

558
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machine. Several improvements have been effected in M. Heilmann's invention by
Messrs. John Hetherington & Sons of Manchester. The great advantages derived
from the use of the combing machine consist in its power entirely to remove the
moats and dirt from the cotton, and to separate with far greater precision than is

possible with the carding engine the long from the short fibres. The spinning of the
finest yarns for the manufacture of muslins, laces, and sewing cotton has thiis been
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CSly i^Eol^pr/rBTiSv^ ""'^ '^'^ '='^'"^5"^ "'"^hino will
of tho nmchino {fig. 558^

''^ accompanying illustration ofa cross-section

givo^^thtrroC tl^Stlo^^^^^^^^ r ""'^T ^' 2- -tion is

clow., tho inclinod conduct^ rind t w<
to uaw.ud and deliver tho shoot of cotton

loather-covorodprossuro rollorJa ti nr "
n

"""^^ «tool hooding roller 4, and tho
monnsof a starwliool; thoy ^ fh if '"^^H-''"

'"^^^ittont n.otion is given by
6, this motion being effected durinl' . .

^'^^f^t^on to one revolution of the cylinder
nipping plate 6 is Wted from^ T e^^^^ Tf'T P^".'' ^""'^^'^^ "^"'^ ^^'^

a.id tlio nipping plate upon So slv.f. V
hung upon tho centre 54,

shaft 135,-tho im-tsL
connecting rod 13d, lover 13c, and

hy tho nipping plato 5 W 1" ^ V,
P^*^*^" ^« i« Pressed backward

H spring .ntil\ an-vos „ 'i^
P?-f

«"re ,s removed it is dmwn forward by

the cotton is being fodTrbe^w;on iiem "
^"'tcontoct with the cushion, while

thil po:&e':i'toT^^^^ -PP-g P'^te 6, and while in

between the fibrerof cotton wL^^^
the combs on the cylinder pass

TOlpHsnrl Tlin fl.,f„^ ^ "ipper piate & is lifted from it, and the fibres are

they are then drawn forward; but as it is necessary to prevent any fibres t.ass1n% thathave not been properly cleaned or combed, the top comb 7 L placed Seen thonipper and the rollor and as this comb falls and penetrates the fi£e tstfj^^ront of

pates in Its movements. These roUers are stationary while tL cyHnLSs a^cleaning the fibres projecting from the nipper, but as^oon as that operati^Tcom

Sth t£ th7fit
and make part of a revolution backward. tSSng ba^Tnth them the fibres previously combed, but taken out of the way to allow thecylinder combs to pass, in order for the next fibres coming forward to be idnld o?pieced to them, so as to form a continuous sliver or riband. As soon as the backward

cTnTer bvTheT'''«f
1-ther-detaching roUer 8a is made to ap;roa:h So

tSm,! ^7 1 fJ-^'
""^^

•
^"^^""^ ^ tlie end of the machine,

t irough the lever 8d, connecting rod 8^. lever lie, and shaft Ub. Before, however
t comes in contact with the fiuted segment 6c. the movement of the fluted rolled

ofr«Trn"h H T'li ^° turn forward, producing a corresponding movement

to tini ^ fl,"
*^^^P?«d °g «o arranged that, before they are allowed

to touch each other, the peripheries of the fluted segment 6c and the roller 8a travelwith an equal velocity. At this stage, the ends of the flbres cleaned by the cylindercombs and projecting from the nipper are resting upon the fluted segment: and the
roller 8a, m coming in contact with it, presses upon those fibres, and immediately
clraws them forward; the front ends are then lifted by the leather roUer and placedon tne top of those fibres previously cleaned, and brought back to receive them. The
pressure of tho rollers 8 and 8a completes the piecing of the fibres ; the motion of tho
rollers being continued until the hindermost ends of the fibres are drawn through tho
cop comb, and a length of cotton is delivered to the callender rollers,—suflicient slack
ueing lett between to allow for the next backward movement. Tiie roller 8a is thou
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raised from tlie fluted segment and ceases to revolve. From the callender rollers, the

combed cotton passes along the front plate or conductor, whore it joins the slivers

from the other five heads of the machine, and witli them passes through the drawing
head, and is then deposited in a can ready to be removed to the drawing frame.

Such is a minute analysis of the movements of this complicated x^ieco of mechanism.
Perhaps a clearer and more complete view of its operation may be gathered from a
summai-y statement.

The lap of cotton having been placed on a pair of revolving lap rollers, the fleece,

or sheet of cotton, is conducted down an inclined guide to a fluted steel feeding roller,

which places the cotton between the open jaws of an iron nipper. The nipper is then
closed and made to approach the comb cylinder, where it holds the fibres in such a
position that the combs of the revolving cylinder pass between and remove from the
fibres all impurities and short or broken cotton, which are afterwards worked up into
yarns of a coarser quality. As soon as the combs have all passed through the first

portion of the fleece under treatment, the nipper recedes from the cylinder, and when
it has reached the proper distance, opens its jaws, and allows the partially combed fibres
to be drawn out of the fleece, by means of a leather-covered roller. The drawing out
of these fibres brings their uncombed ends, which were before held in the nipper,
under tlie teeth of a fine top comb, thus completing the combing of each separate fibre.
Previous to the movement for drawing out fresh fibres from the uncombed fieece, the
detaching roller has made a partial revolution backwards, and taken with it the combed
cotton previously delivered, in order to piece to it the fibres just combed. The machine
is so arranged that the forward movement of the detaching roller brings out the
cotton in a continuous sliver to the front of the machine.
Both the detailed and the summary statement just presented describe only one

' head
'
or section of the machine. There are, however, working simultaneously side

by side and identical in construction, six heads on one machine. Each of these
delivers a continuous sliver of combed cotton, and the whole six slivers are finally
combined into one, which is then ready for the next operation, viz., Drawing.

When the cotton leaves the carding engine (or in the case of very fine yarn the
combing machine) it ought to be quite clean, having regard to the particular degree of
purity and brightness required in the kind of yarn it is proposed to spin If the dirt
and other impurities have not been sufiaciently got rid of at this stage, there is no
hope of their being extracted afterwards. Wliat remains now to be done before the
actual spmmng can take place is simply to equalise the sliver and complete the
straightening of the fibres. To a great extent this last operation has bee£alreadv
accomplished by the carding engine ; but a slight examination of the fleece as it comes
from the doffer of the engine will show that the paraUelism of the fibres is as vet in a
veiy imperfect state. This double object of equalising the sUver and making the
fibres quite parallel and straight, is effected by means of the Drawing Fravie Theformer end is reached by frequent combination of the sUver, by doublinq aa it is termed—whilst the latter is accomplished by drawing out or attenuating the combined sliversThe dramng operation, or draught, is indeed repeated in all the subsequent processes
also, and it will therefore be convenient to describe it once for all.
Let a and b, Jig. 659, represent the section of two rollers lying

*

over each other, which touch with a regulated pressure, and turn
in contact upon their axes in the direction shown by the arrows
These rollers will lay hold of the fleecy riband presented to theni
at the point of contact, draw it through between them, and
deliver it quite unchanged. The length of the piece passed
through in a given time will be equal to the circumference of one
of the rollers multiplied by the number of its entire revolutionsm the same time. Now if the speed and circumference of the
three sets of rollers shown in the figure be the same, that is
to say, if their surfaces travel at the same rate, the riband will
be delivered from the last pair of rollers of exactly the same
thickness or ' counts

'
as at its entrance at the first pair. But if the surface speed of c

f A f T i ^^"^ ^' ^""^"^^^ P^i^- ^ill deliver a greaterength of riband than the latter receives and transmits to it. The consequence canbe nothing else in these circumstances than a regulated drawing or elongationof the nband in the interval betwixt a, b, and c, d, and a tendency of the Sments as they glide over each other, to assume a straight parallel direction In likemanner the drawing may be repeated by giving the rollers e f a jn-eitor «,vnfon
speed than that of the rollers . and d. fhi? inclase of veloc^ly maf be proSfe?either by enlarging the diameter, or hy increasing the number of turL in the sametime, or finaUy by both methods conjoined. In general the rollers are so adjS

i

k
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that tho cliiof elongation takes placo betwcou tho second and third pairs, while that
botweoii tlio first and second is bub slight and preparatory. It is obvious, besides,
that tho speed of the middle pair of yollors ciu have no influence upon tho amount
of tho oxtonsioii, provided tho speed of the first and third pairs remains un-
changed. The rollers a, h, and c, d, mainbiin towards each other continually tho
tho saino position, but thoy may bo removed with their frame-work, more or less, from
the third pair, e,/, according as tho length of the cotton staple may require. Tho
distiinco between tho points of contact of a, h, and c, d, is, once for all, so calculated,

that it shall exceed tho lengtli of the cotton filaments, in order that these filaments may
not be torn asunder, by tho second pair pulling them while tho first holds them fast .

Between and /, -whore the greatest extension takes place, the distance must bo as
small as it can be without risk of tearing. If tho distance between d and/ be very
groat, a riband passing througli will l)o found to bo much less evenly drawn than when
tlio two sots of rollers are sot so closo to each other as to act upon the shortest possible

lougth of riband at once.

The under rollers I), d,f, are made of iron, and to enable them to lay firmer hold of

the filaments their surfaces are fluted with triangular channels parallel to their axes.

The upper rollers, a, c, e, are also made of iron, but they are smooth, and covered witii

a double coating, whicli gives them a certain degree of softness and elasticity. A coat

of flannel is first applied by sewing or glueing the ends, and then a coat of leather in

the same way. The junction edges of the leather are cut slanting, so that when
joined by tho glue, the surface of tho roller may be smoothly cylindrical. The top

rollers are sometimes called the pressors, because they press by means of weights

upon the under ones. These weights are suspended to the slight rods k' k ; of which

the former operates on the roller e alone, the latter on the two rollers a and c together.

For this purpose the former is hung to a c-shaped curve i, whose upper hook embraces

the roller, not the curved portion of it used in the drawing operation and called the

boss, but the central portion between the bosses, which is turned smooth for the pur-

pose. The latter is suspended upon a brass saddle li, which rests upon a and c. A
bar of hard wood, g, called a clearer, whose under surface is covered with flannel,

rests, with merely its own weight, upon the top rollers, and strips off all the loose

hanging filaments, which gather upon tho roller when at work. Similar bars with the

same view are made to bear up under the fluted rollers h, d,f, and press against them

by a weight acting through a cord passing over a pulley. Instead of tho upper clearers,

light wooden rollers covered with flannel are occasionally applied.

"Were the drawing of a riband continued till all its fibres acquired the desired

degree of parallelism, it would be apt, from excessive attenuation, to tear across, and

thereby to defeat the purpose of the spinner. The difl&culty is got_ rid of in a very

simple way, namely, by laying several ribands together at every repetition of the process,

and incorporating them by the pressure of the rollers. The practice is called dmbling.

It is an exact imitation of what takes place when we draw a tuft of cotton wool

between our fingers and thumb in order to ascertain the length of the staple, and

replace the drawn filaments over each other, and thus draw them forth again and

again, till they are all parallel and of nearly equal length. The doubling has another

advantage, that of causing the inequalities of thickness in the ribands to disappear, by

applying their thicker to their thinner portions, and thereby producing uniformity of

substance.

The drawing frame, as shown in section in figs. 559, and in a back view

in figrf^r will require, after the above details, little further explanation. 1 1 are

the weights which press down the top rollers upon the under ones, by means pf

the rods k k' and hook i. Each fluted roller, is, as shown at/, fig. 561, provided in

the middle of its length with a thinner smooth part called the neck, whereby it is

really divided into two fluted portions, represented by e c in the figure. Upon this

middle neck in the pressure rollers, the hook i, and the saddle h immediately bear, as

shown in the former fig. 559. The card-ends or slivers to the number probably of six,

are introduced to the drawing frame either from cans, placed at e e,fig. 561, and a,

fia. 560, or from lap-bobbins ;
and, after passing through it, the nbands or slivers are

received either into similar cans as g, or upon other lap-bobbins upon the other

side These appendages may be readily conceived, and are therefore not exhibited in

all the drawings. Three of the slivers being laid together, are again introduced to

the one fluted portion a b, fig. 559, and throe other slivers to the other portion. The

sloping curved tin or brass plate s, fig. 560, with its guide pins t, serves to conduct

the slivers to the rollers. When the two threefold clivers have passed throi^gi

between the three pairs of rollers, they are gathered together behind the
^fj^^^

pair e f\ fig. 559, and issue from tho conical funnel on, fig. 560, into a single nband.

which'is immediately carried off with equable velocity by two smooth cfist-iron ro le^^^

n o,figs. 560 and 661, and either dropped into a cau or wound upon a large bobbin.
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Pour fluted drawing portions are usually mounted in one drawing frame, which ara
set a-going or at rest together.

560 661

A drawing frame usually consists of three heads or portions, each similar to the
other. The cotton passes once through each head, and in order to save the labour of
carrying the cans from one side to another of the frame, the centre head is set in a
direction contrary to the other two. By this alternate arrangement, the work goes
on without interruption.

The fast pulley u,Jiff. 561, by which the whole machine is driven, derives its motion
from the main shaft of the mill by means of the band w. The similar pulley z, which
sits loose upon the axis, and tiurns independfentiy of it, is called the loose pulley. When
the operative desires to stop the machine, he transfers the band from the fast to the
loose pulley by means of a lever bearing a fork at its end, which embraces the band.
This arrangement of fast and loose pulley is common to all machines used in cotton
manufacture. Upon ?/, fom? pulleys such as x are fixed, each of which sets in motion
a drawing head, by means of a band like w going round the pulleys x and u. The
toothed wheel-work, by which the motions are communicated from the backmost fluted
roller to the middle and front ones, is seen in Jiff. 561.
The more frequently the drawing process is repeated, the more perfectly will its

object be accompUshed. The fineness of the appearance of the sliver after the last
draught depends upon the number of doublings conjointly with the original fineness
and number of dra^^^ngs. By changing, the wheels which drive the back roller, for
others with a different number of teeth, the speed of the roller may be increased or

562
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the finer will bo tlio yarn. For spinuing coarso niimbors or low counts, for example,
six ciird-ends nro usually transmitted through the first drawing head, and converted
into ono riband. Six such ribands again form one in the second draught ; six of
those again go together into the third sliver ; and this sliver passes five-fold through
the last draught. By this combination 1,080 of the original card-ends are united in

the finished drawn sliver= 6 x 6 x 6 x 6. The fineness of the sliver is, however, in

consequence of these doublings, not increased but rather diminished. For, by the
drawing, the card-end has been made 625 times longer, and so much smaller; by the
doubling alone it would have become 1,080 times thicker; therefore the original thick-

ness is to the present as 1, to the fraction toV.j ; that is, supposing 1,072 feet of the
riband delivered by the card to weigh one pound, 626 feet, the sliver of the last

drawing, will also weigh a pound.
The rearmost or last drawing roller has a circumference of nearly 4 inches, and

makes about 160 revolutions per minute ; hence each of these drawing heads may
turn off 35,000 feet of sliver in 12 ho\irs.

Fig. 662 is a complete view of a drawing frame as manufactured by Hetherington
and Sons, having tlio usual modern contrivances for increasing the quality and the

amount of work done, viz., a stop motion behind the frame to stop the frame when a

sliver breaks ; a roller plate to prevent roller laps. The coiler motion, by me9.ns of

which the sliver is placed in the can in circles overlapping each other on the principle

described in fig. 663, the can roving frame ; 4 rows of draught rollers instead of 3

;

and lastly, an apparatus for lifting all the roller weights from off the rollers at any

time when the frame may be stopped.

A further improvement is now added to drawing frames, viz.. a front stopping motion.

The object of the back stopping motion is to prevent inequalities arising in the sliver

from the occasional breakage of one of the slivers which are being combined together.

The front one has a different purpose. It is obvious that whenever the rollers which

carry forward the sliver from the front drawing rollers to the can fail to take up

the cotton as fast as it is delivered, there arises an accumulation, which, from the great

speed at which the sliver passes through the machine, rapidly increases. All this accu-

mulation was formerly so far wasted that it was necessarily sent back into the mixing

room to be worked over again. By the use of a front stopping motion the drawing

frame is now stopped instantly, and all accumulation of this kind prevented.

Hitherto the riband or sliver has received no twist, but the fibres have lain in a

linear, parallel manner, holding together in a loose mass. But in the further pre-

paratory processes, some reduction of the thickness of the riband is necessary, so that

it may gradually approach the thickness finally required in the yarn. The natural cohe-

sion of the fibres when placed side by side will not now be sufficient to carry the sliver

forward. At the next stage, therefore, a slight convolution or twist is given to it

simply for this purpose. This operation takes place in the Sluhhing Frame. The

twisting should go no further than to fulfil the purpose of giving cohesion, otherwise

it would place an obstacle in the way of

the future attenuation into level thread.

The combination of drawing and twisting

is what mainly characterises the spinning

processes, and with this fifth operation

therefore, commences the formation
^
of

yarn. As, however, a sudden extensipu

to the wished-for fineness is not practic-

able, the draught is thrice repeated.

Fig. 563 is a section of the can, or lan-

tern slubbing frame, the ingenious in-

vention of Arkwright, which, until within

the last 50 years, was the principal ma-

chine for communicating the incipient tor-

sion to the spongy cord furnished by the

drawing frame. It differs from that frame

in nothing but the twisting mechanism

;

and consists of two pairs of drawing

rollers, a and h, between which the sliver

is extendnd in the usual way; at c there

arc brushes for cleanihg the rollers ;
and

d is the weight which presses the upper

set upon the lower. The wiping covers

(not shown here) rest upon a h. Tlie .surface speed of the posterior or second pair

of rollers is 3, 4, or 5 times greater than that of the front or receiving pmr, ac-
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cording to tho desired degree of attenuation. Two drawn slivers were generally

united into one by tliis machine, as is shown in the figure, where they are seen

coming from the two cans e e, to bo brought together by the pressure rollers, before

they reach the drawing roUers a b. The sliver as it escapes from these rollers, is

conducted into the revolving conical lantern g, through the funnel / at its top. This

lantern -can receives its motion by means of a cord passing over a pulley k, placed a

little way above the step on which it turns. The motion is steadied by the collet of

the funnel /, being embraced by a brass busk. Such a machine generally contained

four drawing heads, each mounted with two lanterns ; in whose side there was a door

for taking out the conical coil of roving. The motion imparted to the back roller

by the band pulley or rigger n, was conveyed to the front one by toothed wheel-work.

The can slubbing frame has long been superseded by the Bobbin mid Fly frame,

a kind of machine which, with some modifications, is still used not only for the Slubbing

process, but also for the two following preparatory ones, viz. Intermediate and Eoving.

Figs. 564 and 565 exliibit a perspective and a sectional view of this frame. It is to be

564

observed, however, that these illustrations, though serving well enough to explain the
general construction and operation of the Bobbin and Ely frame, do not show tho
recent improvements, which will be described further on.

Fig, 565 exhibits a back view of this machine ; and Jig. 566 a section of some of the
parts not veryvisible in the former figui-e. The cotton is introduced between the drawing
rollers. The cans, filled with slivers from the drawing frame, are placed in the situation
marked at the back of the machine b, /^.-oSS, in rows parallel with the length of the 'S b i
machine. The sliver of each can is conducted upwards along the surface of a sloping
board/, and through an iron staple or guide e, between the usual triple pair of
drawing rollers, the first of which is indicated by a b. In fig. 565, for tlie purpose of
siniplifying the figure, the greater part of these rollers and their subordinate parts are
omitted. After the slivers have been sufi&ciently extended and attenuated between
the rollers, they proceed forwards, towards the spindles i i i, where they receive the
twist, and are wound upon the bobbins h. The machine delineated contains thirty
spindles, but many bobbin and fiy frames contain double or even four times that
number. Only a few of the spindles are shown in fig. 565.
The drawing rollers in this machine do not diflFer essentially from those described

under the section devoted to the drawing frame. This part of the machine, called the
roller beam, is a cast-iron bench, upon which the bearers c, are mounted for carrying
the rollers. The fluted portions of the rollers a a a, fig. 667, alternate with smooth
•necks' szz. The whole length of roller is subdivided into sections. The coupling
of these roller sections or subdivisions into one cylinder is secured by the square
holes X, and square pins y, fig. 667, which fit into the holes of the adjoining subdi-
vision. The top or pressure rollers b, are two-fold over the whole set ; and the
weighted saddle presses upon the neck w, which connects every pair, as was already
explained under 660.

The structure and operation of the spindles i may be best understood by examining
the section fig. 568. They are made of steel, are cylindrical from the top down to a",
but from this part down to the steel tipped rounded points they are conical. The wooden
bobbin h, slides upon the cylindrical part, which must move freely upon it, as will be
presently explained. The upper end of tho spindle bears a fork s t, which, though
revolving with It, may be taken off at pleasure whoa tho machine is standing still
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This fork or flyer, has a funnol-formocl hole at v. One arm of the fork is a tube 8, u,
opou at top and bottom

; the leg t, is added merely as a counterpoise to the other.

566

HJ

666

In fig. 566, for the sake of clearness, the forks or flyers of the two spindles hero re-

presented are left out ; and in fig. 565 only one is portrayed for the same reason. 11
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we suppose tho spinclles and bobbins (both of which have independent motions) to

TOVolve simnltnnooxisly and in the same direction, their operation will be as follows :

Tlie sliver properly dviuvn by the fluted rollers, enters tho opening of the funnel*v, pro-

ceeds thence downwards through the hole in the arm of tho fork, runs along its tube u, s,

and then winds round the bobbin. This path is marked in Jig. 568 by a dotted line.

The revolution of the spindles in the above circumstances twists the sliver into a

soft cord ; and the flyer s, t, or particularly its tubular arm s, lays this cord upon

the bobbin. Wore the speed of the bobbins equal to that of the spindles, did the

bobbin and spindle make the same number of turns in the same time, the process

would be limited to mere twisting. But the bobbin makes in a given time a some-

what greater number of revolutions than the spindle, and thus the cord is woimd upon

it. Suppose the bobbin to make 40 revolutions, while the spindles make only 30 ; 30

of these revolutions of the bobbin will be inoperative towards the winding-on, because

the flyers follow at that rate, so that the cord or twisted sliver will only be coiled 10

times round the bobbin, and the result as to the winding-on will be the same as if the

spindle had stood still, and the bobbin had made 40 - 30 = 10 turns. The 30 turns of

the spindles serve, therefore, merely the purpose of communicating twist.

Simple as the winding-on process may seem, a little reflection will show that there

are complications involved in it which do not at first sight appear. It must bo

observed, in the first place, that as the cord is wound on the bobbin, the diameter

of the latter increases with every succeeding layer of cord put upon it, and the length

taken up by each turn becomes continually greater. It is, therefore, necessary so to

reduce the number of revolutions of the bobbin as that they may not stretch nor break

the cord by taking it up faster than it is delivered from the fluted rollers. A second

point to be noticed is, that in order to secure a proper distribution of the cord upon

the bobbin, and the regular increase of its diameter, two of its successive convolutions

should not be applied over each other, but that they should be laid close side by side.

This object is attained by the slowly ascending and descending motion of the bobbin

upon the spindle. This up-and-down motion must become progressively slower, since

it increases the diameter of the bobbin at each range by a quantity equal to the dia-

meter of the sliver. What has now been stated generally will become more intelligible

by an example.
Let it be assumed that the drawing rollers deliver, in 10 seconds, 45 inches of

roving, and that this length receives 30 twists. The spindles must, in consequence,
make 30 revolutions in 10 seconds, and the bobbins must turn with such speed, that
they wind up the 45 inches in 10 seconds. The diameter of the bobbin barrels being
Ij- inch, their circumference of course 4^ inches, they must make 10 revolutions
more in the same time than the spindles. The effective speed of the bobbins will be
thus 30 + 10 = 40 turns in 10 seconds. Should the bobbins increase to 3 inches
diameter, by the winding-on of the sliver, they will take up 9 inches at each turn, and
consequently 45 inches in 5 turns. Their speed should therefore be reduced to
30 +5 = 35 turns in 10 seconds. In general, the excess in number of revolutions
which the bobbins must make over the spindles is inversely as the diameter of the
bobbins. The speed of the bobbins must remain uniform during the period of one
ascent or descent upon their spindle, and must diminish at the instant of changing the
direction of the up-and-down motion ; because a fresh range of convolutions then
begins with a greater diameter.

The motions of the drawing rollers, the spindles, and bobbins are produced in tho
following manner :—A shaft c, figs. 565 and 566, extending the whole length of the
machine, and mounted with a fly-wheel d', is set in motion by a band from the running
pulley upon the shaft of the miU, which actuates the pulley a', b' is the loose pulley
upon which the band is shifted when the machine is set at rest. Within the pulley a',

but on the outside of the frame, the shaft d carries a toothed wheel b^, which by means
of the intermediate wheel c'^ turns the wheel cP upon the prolonged shaft of the back-
most fluted roller (m*, fig. 566). This, wheel, cP, may be changed for one with a
greater or less number of teeth when the cotton is to receive more or less twist ; for
as the spindles revolve with uniform velocity, they communicate the more torsion the
less length of sliver is delivered by the rollers in a given time. Upon the same shaft
with d"^, a pinion, e', is fixed, which works in a wheel, y^. Within the frame another
changeable toothed wheel, or 'change pinion' g'^, is made fast to the shaft oip. This
pinion regixlates the drawing, and thereby tho fineness or number of the roving. It
works in a wheel, h^, upon the end of the backmost fluted roller a, fig. 566. The
other extremity oi the same roller, or, properly speaking, line of holder and the pulley
is sufficient to distend the endless band n', which runs from the cone k', through under
the pulley and round the small drum m' on the shaft s*. A pulley or whorl P with
four grooves, is made fast by means of a tube to this shaft, and slides along it back-
wards and forwards, without ever ceasing to follow its revolutions. The shaft pos-
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sessos for Lliis purpose a long fork, iind the interior of the tuLe a corresponding tongue
or catch. Thoro is besides upon the tube beneath the pulley, at u", a groove that goes
round it, in which the staple or forked end of an arm like v-, JUj. 665, inado fast to the
copping beam p, catches. By the up-and-down movement of that beam, the pulley t-

takes along with it the arm that cmbracoa the tube, which therefore rises and falls
equally ^yith the bobbins h', and their pulleys or whorls g. This is requisite, since
the bobbins are made to revolve by the pulleys by moans of two endless cords or
bands.

Such was the bobbin and fly frame prior to the improvements introduced by Mr. H.
Ilouldsworth in the 'equation box' mechanism and the ' spring fingers.' By means
of the former the dilferential movement of the bobbins already referred to was accom-
plished with much greater precision and neatness than previously. The object of the
latter was, by laying the soft cord or sliver upon the bobbin with a certain degree of
pressure, to put an increased weight of cotton upon it, and thus to save some portion
of the time and labour lost in the then frequent operations of ' doffing ' or removing
the full bobbins and placing empty ones in their places.

Fig. 569 represents a portion of a fly frame with Mr. Houldsworth's invention.

a a a are the front drawing rollers, turning upon bearings in the top of the machine,

and worked by a train of toothed wheels, in the way that drawing rollers are usually

actuated. From the drawing rollers, the filaments of cotton are brought down to i 6,

and passed through the arms of the flyers c c, mounted on the tops of the spindles d d,

which spindles also carry the loose bobbins e e. According to the former mode of

constructing such machines, the spindles were turned by cords or bands passing from

a rotatory drum round their respective pulleys or whorls /, and the loose bobbins e,

turned with them by the friction of their slight contact to the spindle, as before said

;

in the improved machine, however, the movements of the spindles and the bobbins

are independent and distinct from each other, being actuated from different sources.

The main shaft g, turned by a band and rigger a as usual, communicates motion by

a train of wheels h, through the shaft i, to the drawing rollers at the reverse end of

the machine, and causes them to deliver the filaments to be twisted. Upon the main

shaft g, is mounted a cylindrical hoUow box or drum pulley, whence one cord passes

to drive the whorls and spindles / and d, and another to drive the bobbins e. This

cylindrical box pulley is made in two parts, k and I, and slipped upon the axle with a

toothed wheel m, intervening between them. The box and wheel are shown detached

in Jig. 670, and partly in section at fg. 671. That portion of the box with its pulley

marked I, is fixed to the shaft g ; but the other part of the box and its pulley k, and

the toothed wheel m, slide loosely round upon the shaft g, and when broiight in

contact and confined by a fixed collar n, as in the machine shown at Jig. 669, they

constitute two distinct pulleys, one being intended to actuate the spindles, and the
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other tho bobbins. In tho web of the wlicel m, a small bevel pinion o, is mounted

iipon an axlo standing at right angles to the shaft g, which pinion is intended to take

into the two bevel pinions p and q, respectively fixed upon bosses, embracing the shaft

in the interior of the boxes k and I. Now it being remembered that the piniop q, and

its box I, are fixed to the shaft g, and turn with it, if the loose wheel m be indepen-

dently turned iipon the shaft with a different velocity, its pinion o, taking into q, will

be made to revolve upon its axle, and to drive the pinion p and pulley box Jc, in the

same direction as the wheel m ; and this rotatory movement of the box k and wheel

m, may be faster or slower than the shaft g, and box I, according to tho velocity with

which the wheel m is turned.

The main shaft g, being turned by the band and rigger A, as above said, the train of

wheels h, connected with it, drives the shaft i, which at its reverse end has a pinion

(not seen in the figures) that actuates the whole series of drawing rollers n.. Upon
the shaft i there is a sliding pulley r, carrying a band s, which passes down to a ten-

sion pulley t, and is kept distended by a weight. This band s, in its descent, comes in

contact ynth. the surface on the cone u, and causes the cone to revolve by the friction

of the band running against it. The pulley r is progressively slidden along the shaft

i, by means of a rack and weight not shown, but well understood as common in this

kind of machines, and which movement of the pulley is for the purpose of progressively

shifting the band 5 from the smaller to the larger diameter of the cone, in order that

the speed of its rotation may gradually diminish as the bobbins fill by the winding-on

of the yarns.

At the end of the axle of the cone u a small pinion v is fixed, which takes into the

teeth of the loose wheel on, and as the cone turns, drives the wheel m round upon the

shaft g, with a speed dependent always upon the rapidity of the rotation of the cone.

Now the box piiUey I, being fixed to the main shaft g, turns with one uniform speed,

and by cords passing from it over guides to the whorls /, drives all the spindles and
flyers, which twist the yarns with one continued uniform velocity ; but the box pidley

k, being loose upon the shaft, and actuated by the bevel pinions within, as described,

is made to revolve by the rotation of the wheel m, independent of the shaft, and with
a different speed from the pulley box I ; cords passing from this pulley box k, over

guides to small pulleys under the bobbins, communicate the motion; whatever it may
be, of the pulley box k, to the bobbins, and cause them to turn, and to take up or

572

wind the yarn with a speed derived from this source, independent of, and different
from, tho speed of the spindle and flyer which twist the yarn.
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It will now bo porcoived, that theso jjiirts boing all adjusted to accommodate thetaking up movements to the twisting or spinning of any particular quality of yarn
intended to be produced, any variations between the velocities of the Hpiniiini? and
taking up, which auother quality of yarn may require, can easily bo effected by merolv
changing the pinion v for one with a different number of teeth, which will cause the

wheel «i, and the pulley box ^, to drive the bobbins faster or slower, as would be

required in winding-on fine or coarse yarn, the speed of the twisting or spinning being

the same.

The bobbin and fly frame as thus detailed is now no longer constructed ;
but it

seemed desirable, if not necessary, to describe with some minuteness a machine which
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has formed the basis of the more modern slubhinc/, intermediate, and roving frames. These

three operations, -which follow eacli other in the order named, come next after that of

dra-wing. They liavo one common object, to gradually attenuate the sliver until it

is at last sufficiently rediiced in thickness to be advantageously spun into yarn. But

the intermediate and roving processes have one other purpose, analogous to that

fulfilled by the drawing frame, viz. to secure uniformity of thickness throughout by

the operation of doubling. Thus two slubbings are united togetlier, and are drawn out

into one intermediate slubbing, and two intermediate slubbings into one roving.

The sltibbing frame usually consists of from 40 to 80 spindles. Its main features

will be easily comprehended after the preceding descriptions, by a glance at Jig. 572,.

which presents the principal details seen in a tranverse section. The sliver is brought

from the drawing frame in deep cylindrical cans and placed behind the slubbing frame

(on the right hand of the figure), after being drawn through the rollers in the

manner abeady pointed out. It will be observed, however, that instead of bobbins, as

in the old bobbin and fly frame, simple wooden tubes are now used. By means of the

presser attached to one end of each flyer the slubbing, as the cotton sliver is now
called, is built up in a solid hard mass upon the tube, not in a cylindrical form, as in

the case of the bobbin, but with the ends tapering conically as shovra in^^. 573.

The construction of the intermediate and rovijig frames is identical in plan, and so

far as the principal working parts are concerned it is similar to that of the slubbing

frame. In Jig. 573, No. 1 illustrates a front sectional view of an intermediate frame,

No. 2 a back view, and Nos. 3 and 4 the two ends. Here we see in the back, and in one
of the end views, the spools of cotton produced by the slubbing frame, and hence called

slubbings, placed in the ' creel ' behind the frame. The ' ends ' of these slubbings are

now ' drawn ' or attenuated in pairs through the rollers, after the fashion previously

described, and are once more slightly twisted and wound upon smaller tubes than
before. These when full are transferred to the creel of the roving frame, and there

receive treatment precisely similar to that of the intermediate frame. The ' roving ',

as the cord is called, after passing through the roving frame is, however, much mora
attenuated than the 'intermediate,' and is now ready for the final spinning process

—

except in miUs where very fine yarns are spun. In these cases, a second or fine roving
or 'jack' frame is used for the purpose of again doubling and equalising the cord and
further reducing its thickness. The intermediate frame usually contains from 80 to
120 spindles, and the roving frame from 120 to 200 spindles. In Jig. 574 the front
view ofa roving frame is given with greater completeness than is presented in Jig. 573.

574

The earlier processes of the cotton spinning industry which we have thus traced
are usually comprehended under the technical term, the ' preparation ; ' and it will
readily be understood from even the cursory view we have endeavoured to present,
that the quality of the yarn when spun will greatly depend upon the manner in which
these processes are conducted. So widely is this truth recognised amongst practical
spinners, that it has become almost an axiom that a bad roving can never make a
good yarn. Since the ' cotton famine ' which arose out of the American civil war of
1861-65, much progress lus been made in the practical management of the prepara-
tory processes. The scarcity and high price of raw cotton during the period in
question, the necessity of resorting to new and inferior descriptions, their vaiyin"-
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cliaractoisties, and tho difficulty of adapting them to tlio kind of production for which
American cotton had proved eiuincntly suitable, laid upon porsonB engaged in cotton-
spinning, at that time, a taHk which required mucli ingenuity and patience. TIio
result has been, however, to improve greatly tho technical methods used in the art,
and especially as we have stated, in tho details of tho preparation. This end has not
been reached by any fundamental alteration, but rather by a number of minor improve-
ments, which are the result of a closer study and a bettor knowledge of the working
qualities of tho fibre in its many varieties than had previously been thought necessary,
and the consequence has been a more careful and successful treatment in every part
of tho chain of operations under consideration.

The great object to be kept in view throughout the ' preparation ' is to produce a
roving as free from impurity as possible, and as uniform in weight and texture as
it can bo made, consistently with due economy. For the former end, the efficiency

and right management of tho scutching and carding machinery are requisite ; for the
latter a due adjustment of the draughts and doublings, regard being always had
towards the fineness and quality of the yarn required.

"Without attempting anything in tho way of a history of cotton-spinning, it may bo
well to refer briefly to some of the principal sta.gcs through which this, one of the

earliest of the industrial occupations of

civilised life, has at length reached its

present advanced position. Except tho
spindle and distaflf, the use of which was
purely handicraft, the earliest contrivance

for the production of yarn was the spin-

ning wheel of ancient India {fig. 575), an
instrument very like the common ' wheel,'

which, until the dawn of this mechanical
age extinguished it, was the familiar com-
panion of every English spinster.

The first successful effort to improve
upon this primitive piece of mechanism
was that of James Hargreaves, who about

the year 1764 invented his 'spinning

jenny,' which differed little from the

spinning wheel, except in enabling one

person to spin simultaneously upon seve-

ral spindles, instead of one.

Fig. 676 represents the original jenny of Hargreaves, which contained from 16 to

40 spindles. The soft cords of rovings wound in double conical cops upon skewers

were placed in the inclined frame at c ; the spindles for first twisting and thenwinding-

on the spun yarn were set upright in steps and bushes at A, being furnished near their

lower ends with whorls, and endless cords, which were driven by passing round the

long-revoh-ing drum of tin-plate, e. d is the clasp or clove, having a handle lor

lifting its upper jaw a little way, in order to allow a few inches of the soft ro^ang to

bo introduced. The compound clove D being now pushed forward upon its friction

wheels to a, was next gradually drawn backward, while the spindles were made to

revolve with proper speed by the right hand of the operative turning the fly^vlioel b.

Whenever one *^?-c!ic/i was thereby spun, the clove frame was slid home towards a;
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the spindles being simultaneously whirled slowly to take up the yarn, wliich was laid

on in a conical cop by the due depression of tlio faller wire at a, with the spinner's

left hand.

It -mil be observed that no attempt was made in Hargreaves' machine to ' draw*

the cotton through rollers, which is the chief distinction between ancient and modern

spinning. The discovery of this principle really preceded that of Hargreaves, and

was the work of Lews Paul of Birmingham, who, in the year 1738, took out a patent

for ' spinning wool and cotton by rollers.' The patentee appears to have received

important aid in the working out of the idea from John Wyatt, also of Birmingham,

if indeed, the original conception be not attributable to him. It does not appear,

however, that the invention attributed to Paul was ever adopted upon any large or

useful scale.

We come now to the spinning machine of Arkwright, the invention of which was
almost contemporaneous with that of Hargreaves' jenny.

Fiff. 577 is a diagram of Arkwright's original water-frame spinning machine, called

afterwards the water-twist frame. The rovings mounted upon bobbins in the creel a a,

577

S 1!

r

^rS '--^ ^=|'
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j^ ^ -A- ^
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have their ends led through between the three sets of twin rollers below b b, thence
down through the eyelet-hooks upon the end of the flyers of the spindles c, and finally
attached to their bobbins. The spindles being driven by the band d d upon their
lower part, continuously twist and wind the finished yarn upon the bobbins ; consti-
tuting the first unremitting automatic machine for spinning which the world ever saw.
The water-twist frame, so called by its inventor because it was first driven by water,"

is now superseded by the throstle frame, of which the name has no assignable origin'.
Fig. 578 exhibits a vertical section of this machine, which has upon each side of its
frame, a row of spindles with all their subsidiary parts. The bobbins filled with
rovings from the bobbin and fly, or the tube frame, are set up in the creel a a, in two
ranges, b, c, d, are the three pairs of drawing rollers through which the yarn is
attenuated to the proper degree of fineness, upon the principles already explained.
At its escape from the front rollers, every thread runs through a guide eyelet e of wire"
which gives it the vertical direction down towards the spindles f, g. The spindles!
which perform at once and uninterruptedly the twisting and winding-on of the thread
delivered by the rollers, are usually made of steel, and tempered at their lower ends
They stand at g in steps, pass at v through a brass bush or collar which keeps theni
upright, and revolve very rapidly upon their axes. The bobbins A, destined to take
up the yarn as it is spun, are placed loosely upon the spindles, and rest, independently
of the rotation of the spindles, upon the copping-beam I, but with the intervention of
a strip of woollen cloth, the use of which in acting as a ' drag ' upon the motion of the
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hobbin will 1)0 understood by-and-byo. Upon tho top of tho spindles, a wire fork,
called u fly or flyer, », k; is miido fast by a loft-hand screw, and has ono of its forks

turned round at tho end into a little ring.
Tho branch of tho llycr at is tubular, to
allow tho thread to pass through, and to
escapo by a little hole at its side, in order
to reach the eyelet at the end of that fork.
From this eyelet i, it proceeds directly to
the bobbin. ISy tho revolution of tho
spindlo, tho twisting of tho portion of
thread between tho front roller d, and tho
nozzle/, is oifocted. The winding-on takes
place in the following way:—Since tho
bobbin lias no other connection with tho
spindlo than that of tho thread, it would
but for it remain entirely motionless, rela-
tively to tho spindle. But the bobbin is
pulled after it by tho thread, so that it
must follow tho rotation of tho spindle
and fly. When we consider that tho thread
is pinched by the front roller d, and is
thereby kept fully upon tho stretch, we
perceive that the rotation of tho bobbin
must bo tho result. Suppose now the ten-
sion to be suspended for an instant, while

the rollers d deliver, for example, one inch of yarn. The weight of the bobbin, and
its friction upon the copping beam I, will, under this circumstance, cause the bobbin
to hang back in a state of rest, till the inch of yarn be wound on by the whirling of
the fly ^, and the former tension bo restored. The delivery of the yarn by the drawing
rollers, however, does not take place, inch after inch, by starts, but at a certain con-
tinuous rate

j
whence results a continuous retardation or loitering, so to speak, of the

bobbins behind the spindles, just to such an extent as to secure the windin-^ of the
yarn upon the bobbin as fast as it is spun.

°

This process in spinning is essentially the same as what occurs in the fine bobbin
and fly frame, but is here simplified, as the retardation regulates itself according to
the diameter of the bobbin by the drag of the thread. In the fly frame the employment
of this tension is impossible, because the roving has too little cohesion to bear tho
strain

;
and hence it is necessary to give the bobbins that independent movement of

rotation which so complicates this machine.
The up-and-down motion of the bobbins along the spindles, which is required for

the equal distribution of the yarn, and must have the same range as the length of tho
bobbin barrels, is performed by the following mechanism :—Every copping rail I, is

made fast to a bar on, and this, which slides in a vertical groove or slot at the end of
the frame, is connected by a rod n, with an equal-armed, moveable lever o. The rod
p carries a weight r, suspended from this lever ; anotlier rod q, connects the great
lever o, with a smaller one s, t, upon which a heart-shaped disc or pulley u, works
from below at t. By the rotation of the disc u, the arm t, being pressed constantly
down upon it by the reaction, the weight r must alternately rise and fall ; and thus
the copping rail I must obviously move with the bobbins h up and down ; the bobbins
tipon one side of the frame rising, as those upon the other sink. Strictly considered,

this copping motion should become slower as the winding-on proceeds, as in the fly-

roving frame ; but, on account of the smallness of the finished thread, this construc-

tion, which would render the machine complicated, is without inconvenience neglected;

with the result merely that the coils of the yarn aro successively more sparsely laid

on, as the diameter of the bobbin increases. The movement of the whole machine
proceeds from the shaft of a horizontal drum, which drives the spindles by means of

the endless bands x x. Each spindle is mounted with a small pulley or wharf w, at

its lower part, and a particular band, which goes round that wharf or whorl, and tho

drum y. Tho bands are not drawn tense, but hang down in a somewhat slanting

direction, being kept distended only by their own weight. Thus every spindle, when
its thread breaks, can readily be stopped alone, by applying a slight pressure with the

hand or knee, the band meanwhile gliding loosely round the whorl. A more complete

view of tho throstle frame is presented hj fig. 579.

Several modifications of the tlu-ostle have been attempted, but very few of any

importance have stood the test of experience, at least, in England. The Danforth

throstle, invented in 1829, had for its main object to increase the speed of tho spindles,

and so to enlarge the productive cnpacity of the machine. It failed, however, amongst
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other reasons, for the very sufficient ones that it required much more power than the

ordinary throstle, and that it could not bo stopped without causing ' snarls ' or twisted

tangles in the yarn. The Montgomery throstle, introduced in 1832, was more success-

ful. In this machine the spindle does not revolve, but is stationary, the flyer revolving

round it and winding the yam upon the bobbins in the usual manner. It is said to

produce good yarn, and although it has been discarded in this country, it still holds
its ground in the United States. Perhaps the most remarkable, as well as one of the
most recent improvements in the throstle frame is that of Bernhardt's ' doffing-motion.'
The labour of ' doffing' or taking off the bobbins when filled with yarn, as well as the
substituting of empty ones in their places, is usually accomplished by boys, who, not-
withstanding the agility with which they perform tie operation, necessarily keep the
machine for a considerable time standing still. This loss of time, as well as the
labour of the ' doffers,' is abolished by Bernhardt's invention. For a full description
of this ingenious contrivance, we refer the reader to Mr. Evan Leigh's ' Science of
Modern Cotton Spinning' (Manchester, 1873). The same work contains also a very
full account of the ring throstle spinning frame, which in its various forms has taken
deep root in the United States, and is beginning to find appreciation even in English
mills, where there was formerly a strong prejudice against it.

It may be as well here to explain what is meant by the ' counts ' or ' numbers of
yarn. It is obvious that in all the textile industries some plan of indicating the
varying thickness of the yarns is absolutely necessary. At present the methods em-
ployed are different in various countries, and, even in the same country, the systems
used in the principal textiles are not identical, cotton, linen, silk, and jute having as
a rule each a separate system. But all these methods are found to rest at bottom in
one of two principles : First, the adoption of a fixed length as a standard, the counts
being expressed by the weight of this fixed length in any given example. This plan
IS rarely followed, except in the case of silk, in which therefore the higher the counts
the coarser is the thread. The other principle is founded upon a fixed unit of weight
and determines the counts by the length required to reach that weight. On this plan
the numbering of all other kinds of yarns proceeds in nearly every country In
cotton yarns the English system has the pound (Avoirdupois) for the unit of weight
and the ' hank of 840 yards for the unit of length, and the counts is determined by
the number of hanks which in any given case is needed to make up one pound in
weight. The French system adopts the half kilogramme (equal to 1 lb U oz ) as theumtof weight and the hank of 1,000 metres (1,093 yards 22 inches) as the unit of
length. The English system is exclusively used in this country, in America in Indiaand in a portion of the Continent. The French system prevails in France, in Alsace'and in sonae portions of Germany, Austria, and Italy. An effort, originating at theVienna Exhibition of 1873, has been made to secure a uniform method in the number-
ing of yarns._ No definite agreement has yet been arrived at, but in France and inAlsace there IS a strong desire that the French or ' metric ' system should be eenerallv
adopted. The method of practically testing the counts of yarn is this :-l shSlength of the sample to bo tested is wound upon a carefully-adjusted measuringapparatus called a 'wrap-reel,' and then weighed by means of small delicatelv rT
lanced scales The fineness is then easily determined by calculation or by reference
to a previously-compiled table of equivalents.

"'^ xoierence

Yarn spun upon the ;!We frame needs to be made very strong in order thit i^may res.st the strain produced by the 'drag' of the bobbin whilst^eing spun Onthis account the throstle can seldom be employed with advantage in spinning tho finoi.and more delicate yarns. As a matter of fact, it is scareely ever used in the prodic
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tion of counts finer than No. 36'r. Moreover, it is necessary tliat throstle yarn, for the
reason just stated, should bo highly twisted, should receive a oomparatively large
number ot turns or twists per inch, and hence its principal characteristic is its hard,
wiry and closely compact appearance. On this account it is especially suitable for
the manufacture of goods which cannot bo woven without much strain upon the warp
or which wlien finished need to be very durable.

Besides the special characteristics of throstle yarn to which we have alluded, and
which greatly limit its applicability, one other must be noticed, viz. the smallness of
the rate_ of production. This, it is obvious, increases the cost of spinning, and the
throstle is therefore rarely employed, except where yarn is required possessing the
characteristics already indicated.

We now come to describe the second and
more widely prevailing type of spinning
machinery, that of the mule. The name,
which is founded upon a rather odd analogy,
is traceable to the fact that the mule was
the result of a combination of the principle
of Hargreaves' 'jenny' with that of Ark-
wright's water twist frame.

The inventor of the mule was Samuel
Crompton of Hall-in-the-Wood, near Bolton,
His discovery, after repeated failures, was
successfully completed in 1779 ; but he

reaped only a slender pecuniary reward from' it, not being able to keep his secret long,

nor to pay the cost of securing a patent-right in it. The beneficial results of

Crompton's labours upon the economy of manufactures have, however, placed his

name in the front rank of inventors. He received a parliamentary grant of 6,000^. a

siun which, when compared with, what he might have obtained under the protection of

a patent, was insignificant. A statue to his memory was erected in Bolton in the

year 1857, thirty years after his death.

It will have been already observed that the spinning operation, as carried on by

means of the throstle is continuous, that is to say, the motion of the rollers, the

spindles, and the bobbin goes on simultaneously, and the cotton is drawn, twisted and

wound upon the bobbin without intermission during the whole of the time that the

machine is at work. In the mule, on the contrary, the action is intermittent or

rather alternate. A given length is first drawn and spun, tlien the motion of the

rollers ceases, the spindles stop spinning, and proceed to wind up the length that has

been spun. Spinning is then resumed and the alternate movements are repeated ad

libitum. The details of this process will be readily understood on reference tofy. 680,

which is a transverse section of the mule, and in which its principal parts are shown.

The machine consists of two main sections : a fixed one, corresponding in somemeasiiro

to the water frame or throstle, and a moveable one, corresponding to the jenny. The •

first contains in a suitable frame the drawing roller-beam and the chief moving
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machinery ; the second is called the carriage, in which the remainder of the moving

mechanism and the spindles are mounted.
. , , •

The frame of the fixed part consists of two upright sides, and two or more inter-

mediate parallel bearings, upon which the horizontal roller beam a, the basis of the

drawing rollers is supported, b, c, d are the three ranges of fluted iron rollers
; e,f, ff,

are the upper iron rollers covered with leather ; k, the wooden wiper-rollers, covered

with flannel, which being occasionally rubbed with chalk, imparts some of it to the

pressure rollers beneath, so as to prevent the cotton filaments adhering to them.

The skewers upon which the bobbins containing the rovings from the roving frame

are set up are seen at a\ arranged in three rows in the creel z. The soft

threads unwound from these bobbins, in their way to the drawing rollers, pass first

through eyelets in the ends of the wire arms b\ then through the rings or eyes of the

guide bar w, and enter between the back pair of rollers.
_
The number of these bobbins

is equal to tjie number of spindles in the mule, and twice as great as the number of

fluted portions of the rollers ; for two threads are assigned to each portion.

The carriage consists of two cast-iron side pieces, and several cast-iron intermediate

similar pieces, such as which altogether are made fast to the planks b^, c\ 6?.

The top is covered in with the plank Ic^. The carriage runs by means of its cast-iron

grooved wheels, upon the cast-iron railway I, which is fixed level on the floor.

The spindles stand upon the carriage in a frame, which consists of two slant rails

a--, x^, connected by two slender rods y^, and which frame may be set more or less

obliquely. The lower rail carries the brass steps for the points of the spindles 6^

;

upon the upper rail brass slips are fixed pierced with holes through which_ the tops of

the spindles play. The spindles are as usual made of steel, perfectly straight, turned

truly round, and are all arranged in one plane. To each of them a small wooden or

cast-iron whorl is made fast. They are distributed into groups of 24, and the

whorls are arranged at such different heights, that only two of them in each group

are upon a level with each other. A small brass head h-, which every spindle has

beneath the upper slant rail of the frame x^, prevents their sitting down into the step

during their rotation, or sliding off their cop of yarn.

are drums, mounted in the carriage in a plane at right angles to the plane in

which the spindles are placed. At top they have a double groove for a cord to run

in, and the motion which they receive from the great fly wheel, or rim of the mule

(not visible in this view) they impart to the spindles. Such a drum is assigned to

every 24 spindles ; and therefore a mule of 480 spindles contains 20 drums. In the

middle of the carriage is seen the horizontal pulley h^, furnished with three grooves,

which stands in a line with the drums c'.

The motion is given to the drums c', upon the right hand half of the carriage by a
single endless band or cord which proceeds from the middle groove of the pulley T^.

The rotation of the spindles is produced by a slender cord, of which there are 12

upon each drum c' ; because every such cord goes round the drum, and also every

two wharves which stand at the same level upon the spindles. It is obvious that the

drums, and consequently the spindles, must continue to revolve as long as the main
rim of the mule is turned, whether the carriage be at rest or in motion upon its

railway.

If we suppose the carriage to be run in to its standing point, or to be pushed home
to the spot from which it starts in spinning, its back plant d" will strike the post
upon the fixed frame, and the points of the spindles will be close in front of the roller

beam. The rollers now begin to turn and to deliver threads, which receive imme-
diately a portion of their twist from the spindles ; the carriage retires from the roller

beam with somewhat greater speed than the surface speed of the front rollers, where-
by the threads receive a certain degree of stretching, which affects most their thicker
and less twisted portions and thereby contributes greatly to the levelness of the yarn.
When the carriage has run out to the end of its course, or has completed a stretch,

the fluted rollers suddenly cease to revolve (and sometimes even earlier, when a
second stretch is to be made), but the spindles continue to whirl till the fully extended
threads have received the proper second or after twist. Then the carriage must be
put up, or run back towards the rollers, and the threads must be wound upon the
spindles. This is the order of movements which belong to the mulo. It has been
shown how the rotation of the spindles is produced.
For winding-on the yarn the carriage has a peculiar apparatus, which we shall now

describe, In front of it, through the whole extent to the right hand as well as the
left, a slender iron rod, d^, runs horizontally along, in a line somewhat higher than
the middle of the coping portion of the spindles, and is supported by several props,
such as e*. Upon each end of the two rods, 6!% there is an arm, ; and betwixt these
arms an iron wire, called the copping wire, is strclchcd, parallel with the rod d^.
For the support of this wire, there are several slender bent arms extended from tlio
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ifcTic™ division of tho machine, and

wo nrT ^" • fl ^n '''^I'K
ippi^'^t^s ^vliich resemblcs a crane's bill. Tho

bv l^S Ofh, i''''^''^ "^^'^ tho rods and aro connectS

with wna^^»''°''°'^°•'^
rods /.which hang together downwards in like mannerwith two arms proceeding from a horizontal axis k

niannn'!.'.''"^ / ^''^''^?!'™'^''' yarn is wound upon tho spindles in the following

Sr^liVw^ ^^'^ stretching and twisting go on, the threads form an obtuse

b^Sl i •
thereby slide continually over thoir smooth rounded tips

11 ^.''^^I'^tion, without tho possibility of coiling upon them. When, how-ever tnospinmng process is completed, the spinner seizes the carriage with his lefthand and pushes it back towards tlio roller beam, while with his right hand he turnsround tho handle of the rim or fly wheel, and consequently the spindles. At the same
time, by means of the handle upon tlio rod c^^ ho moves tho copping-wire /», so that it
presses down all the threads at once, and pLaces them in a direction nearly perpen-
dicular to the spindles

; as shown by tho dotted lino y\ That this movement of the
copping wire, however, may take place without injury to tho yarn, it is necessary to
turn the rim beforehand a little in tho opposite direction, so that the threads may
get uncoiled from the upper parts of tho spindles, and become slack; an operation
called m techmcal language the bacMng-off. The range upon which tho threads
should be wound, in order to form a conical cop upon tho spindle, is hit by depressing
the copping wire to various angles, nicely graduated by an experienced eye. This
faller wire alone is not, however, suflBcient for the purpose of winding-on a seemly cop,
as there are always some loose threads which it cannot roach without breaking others.

Another wire called the counter-faller, l^, must be applied under the threads. It
may be raised to an elevation limited by the angular piece ; and is counterpoised
by a very light weight m^, applied through the bent lever n^, which turns upon the
fulcrum b^. This wire, wliich applies but a gentle pressure, gives tension to all tho
threads, and brings them regularly into the height and range of the falle^/^ This wire,
must be raised once more, whenever the carriage approaches the roller beam. At this
instant a new stretch commences ; the rollers begin again to revolve, and the carriage
resumes its former course. These motions are performed by the automatic machinery.

There is a little excentric pulley mechanism for moving tho guide beam to and fro
with the soft yarns, as they enter between the back rollers. On the right hand
end of the back roller shaft, a worm screw is formed which works into the oblique
teeth of a pinion attached to the end of the guide beam, in which there is a series of
holes for tho passage of the threads, two threads being assigned to each fluted roller.

In the flat djsc of the pinion, an excentric pin stands up which takes into tho
jointed lever iipon the end of the guide beam, and as it revolves, pushes that beam
alternately to the left and the right by a space equal to its excentricity. This motion
is exceedingly slow, since for each revolution of the back roller, the pinion advances
only by one tooth out of the 33, which are cut in its circumference.

After counting the number of teeth in the different wheels and pinions of the

mule, or measuring their relative diameters, it is easy to compute the extension and
twist of the yarns ; and when the last fineness is given to ascertain their marketable

value. Let the ratio of speed between the three drawing rollers be 1 : 1^ : 1h ; and
the diameter of the back and middle roller three quarters of an inch : that of the front

roller one inch ; in which case the drawing is thereby increased 1^ time, and

74 X 1^= 10. If the rovings in the creel bobbins have been No. 4, the yarn, after

passing through the rollers, will be No. 40. By altering the change pinion (not

visible in this view) the fineness may be changed within certain limits, by altering

the relative speed of tho rollers. For one revolution of the great rim or fly wheel of

the mule, the front roller makes about 6-tenths of a turn, and delivers therefore 22-6

lines or 12ths of an inch of yarn, which, in consequence of the tenfold draught

through the rollers, corresponds to 2*26 lines of roving fed in at the back rollers.

The spindles or their whorls make about 66 revolutions for one turn of the rim. The

pulleys or grooved wheels on which the carriage runs, perform 0-107 part of a txirn

while the rim makes one revolution, and move the carriage 241 lines upon its rails,

the wheels being six inches in diameter.

The 22-6 lines of soft yarn delivered by the front rollers will be stretched H line

by the carriage advancing 24 •! lines in the same time. Let tho length of tho railwa.y,

or of each stretch be 5 feet, tho carriage will complete its course after 30 revolutions of

tho rim wheel, and the 5-feet length of yarn (of which 66 i inches issue from the

drawing rollers, and 3 J inches proceed from tho stretching) is, by the simultaneous

whirling of tho spindles, twisted 1,980 times, being at the rate of 33 twists for every

inch. The second twist, which the threads receive after the carriage has come to
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ropose, is regiUated according to the quality of the cotton wool, and tlio purpose for

whieh the yarn is spun. For warp yarn of No. 40 or 50, for example, 6 or 8 turns of

the rim wheel, that is, from 396 to 528 whirls of the spindles for the whole stretch,

therefore from 7 to 9 twists per inch, will be sufi&ciont. The finished yarn thus

receives from 40 to 42 twists per inch.

One spinner attends to two mules, which face each other, so that he need merely

turn round in the spot where he stands, to find himself in the proper position for the

other mule. For this reason the rim wheel and handle, by which he operates, are not

placed in the middle of the length of the machine, but about two-fifths of the spindles

are to the right hand and three-fifths to the left ; the rim wheel being towards his

right liand. The carriage of the one mule is in the act of going oxit and spinning,

while that of the other is finishing its twist, and being put up by the spinner.

The quantity of yarn manufactured by a mule in a given time, depends directly

upon the number of the spindles, and upon the time taken to complete every stretcli

of the carriage. Many circumstances have an indirect influence upon that quantity,

and particularly the degree of skill possessed by the spinner. The better the machine,

the steadier and softer all its parts revolve, the better and more
_
abundant is its

production. When the toothed wheels do not work truly into their pinions, when the

spindles shake in their bushes, or are not accurately made, many threads break, and

the work is much injured and retarded. The bettor the staple of the cotton wool,

and the more careful has been its preparation in the carding, drawing, and roving

processes, the more easy and excellent the spinning will become : warmth, dryness,

cold, and moisture have great influence on the ductility, so to speak, of cotton. A
temperature of 65° F., with an atmosphere not too arid, is found most suitable to the

operations of a spinning-mill. The finer the yarn, the slower is the spinning. For

numbers from 20 to 36, from 2 to 3 stretches of warp may be made in a minute, and
nearly 3 stretches of weft; for numbers above 50 up to 100, about 2 stretches; and
for numbers from 100 to 160 one stretch in the minute. Still finer yarns are spun

more slowly, which is not wonderful, since in the fine spinning-mills of England, the

mules usually contain upwards of 500 spindles each, in order that one operative may
manage a gi-eat number of them, and thereby earn such high wages as shall fully

remunerate his assidiiity and skill.

In spinning fine numbers, the second speed is given before the carriage is run out

to the end of its railway
;
during which course of about 6 inches, it is made to move

very slowly. This is called the second stretch, and is of use in making the yarn
level by drawing down the thicker parts of it, which take on the twist less readily

than the thinner, and therefore remain soft and more extensible. Tlie stretch may
therefore be divided into three stages. The carriage first moves steadily out for

about 4 feet, while the drawing rollers and spindles are in full play ; now the rollers

stop, but the spindles go on whirling with accelerated speed, and the carriage
advances slowly, about 6 inches more ; then it also comes to rest, while the spindles
continue to revolve for a little longer, to give the final degree of twist. The accele-

ration of the spindles in the second and third stages, which has no other object but
to save time, is eiFected by the mechanism called the counter, which shifts the driving
band, at the proper time, upon the loose pulley, and, moreover, a second band, whicli
had, till now, lain upon its loose pulley, upon a small driving pulley of the rim shaft.
At length, both bands are shifted upon their loose pulleys, and the mule comes to a
state of quiescence.

In the machine as thus described the wiuding-in motion is performed by means of
the necessary mechanism, by manual labour. This method is, however, now used only
in the spinning of the very finest yarns, and the winding-on is performed by an
automatic arrangement which gave to the machines to wliich it was first applied the
name of self-acting mules. Mules of this kind were first constructed, we believe, by
Messrs. Eaton, formerly of Manchester, who mounted ten or twelve of them in that
town, four at Wiln, in Derbyshire, and a few in France. From their great complexity
and small productiveness, the whole were soon relinquished, except those at Wiln,
M. d6_ Jong obtained two patents for self-acting mules, and put twelve of them in
operation in a mill at Warrington, of which he was part proprietor ; but with an un-
successful result.

The first approximation to a successful accomplishment of the objects in view, was
an invention of a self-acting mule, by Mr. Eoberts, of Manchester : one of the principal
points of which was the mode of governing the winding-on of the yarn into the form
of a cop

;
the entire novelty and great ingenuity of which invention were universally

admitted, and proved the main step to the final accomplishment of what had so long
been a desideratum. For this invention a patent was obtixinod in 1825. In 1830,
Mr. Eobcrts obtained a patent for otlier improvements

; and by a combination of both
his inventions, he produced a self-acting mule, which is generally admitted to have

Vol. I. 3 S
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oxcocdod the most sanguiiio expectations, and which has boon oxtonsivoly adopted
Tho advantngcH gained by Mr. Roberts's improvomouts aro the saving of a spinner's
wages to each pair of mules, piccers only being required, as one overlooker is suf-
liciont to manage six or eight pairs of mules ; and tho production of a greater quantity of
yarn, in tho ratio from 15 to 20 per cont. The yarn possesses a more uniform degree
ot twist, and is not liable to bo stniined during tho sjiinning, or in >vinding-on to
form tho cop

;
consequently fewer threads aro broken in tiiese processes, and the yarn,

from having fewer piecings, is more regular.
The cops aro made firmer, of better sliapo, and with undoviating uniformity

;
and,

from being moro regularly and firmly wound, contain from one-third to one-half more
yarn than cops of equal bulk wound by hand

;
they arc consequently less liable to

injury in packing or in caiTiage, and tlio expense of packages and freight (when
charged by measurement) is considerably reduced. From the cops being more regu-
larly and firmly wound, combined with their superior formation, the yarn intended
for warps loss frequently breaks in winding or reeling, consequently there is a consi-
derable sa^^ug of waste in those processes.

Several improvements have been made in the construction of self-acting mules since
tho date of Roberts's patent, but none of them have marked so decided a stop forward.
Tho more prominent of these may be briefly noticed.

In 183-1 Mr. James Smith obtained a patent for a method of dispensing with tho
' backing-off motion ' of Roberts. Instead of reversing tho movement of the spindles,
in order to clear tlie spindle point and arrange the thread conveniently for the
winding-on process, he elevated the counter-faller and thus, whilst the spindle was
stationary, ' stripped off' tho spiral coil of thread from the spindle in an upward
direction. This method is still in use ; but as it subjects the thread to considerable
strain, it is generally used only for the coarser and stouter yarns. More recently

patents have been taken out for improvements in mules, by Mr. Potter, of Manchester.
Messrs. Higgins and Whitworth of Salford, Mr. Montgomery of Johnstone, Messrs.
Craig and Sharp of Glasgow, and many others.

Mr. Roberts's self-acting mule, which was practically the first introduced, and with
several modifications in its construction, is still tho mule which is most extensively

used and approved in the cotton trade. Some of tho more prominent of these modi-
fications have been effected by Messrs. Parr, Curtis, and Madeley of Manchester. Of
these the f' Jowing summary gives the principal featm-os, A'iz. tho substitution of a

catch-box with an excentric box, in lieu of a cam shaft, to produce, the required

changes ; an improved arrangement of the faller motion, which causes the fallers to

act more easily upon the yarn, and not producing a recoil in them when tlie ' backing-

off' takes place, thus preventing ' snarls ' and injury to the yarn ; in ax^plying a spiral

spring for the purpose of bringing the backing-off cones into contact, by which the

operation of ' backing-off' can be performed with the greatest precision. The backing-

off movement is also made to stop itself, and to cause the change to be made which

affects the putting-up of the carriage, which it does in less time tlianif an independent

motion was employed. They have also an arrangement for driving the back, or

drawing-out. shaft by gearing in such a manner that in the event of an obstruction

coming in tho way of the carriage going out, the motion ceases and prevents the mule

being injured.

By means of a friction motion, the object of wliicli is to take the carriage in to the

rollers, the carriage will at once stop in the event of any obstruction presenting itself.

For the want of an arrangement of this nature, lives have been lost and limbs injured,

when careless boys have been cleaning the carriage whilst in motion, and have been

caught between it and the roller beam, and thus killed or injured.

Another improvement consists in connecting the drawing-out shaft and tho

quadrant pinion shaft by gearing, instead of by hands, thereby producing a more

perfect winding-on, as the quadrant is moved the same distance at each stretch of the

carriage. They have also made a different arrangement of the headstock—or self-

acting portion of tho mule—causing its height to be mucli reduced, which makes it

more steady, offers less obstruction to the light, enables tho spinner to see all the

spindles from any part of the mule, and allows a larger driving strap, or Tjelt, to be

used, which in low rooms is of considerable importance. The result of these various

improvements is the production of one of the most perfect spinning machines now in

tho trade.

For spinding very coarse numbers, say 6's, they have patented an arrangement,

by which the rotation of tho spindles can be stopjied, and the operation of backing-

off performed, during the going-out of the carriage, thus effecting a considerable savmg

of time.

The following is a description of one of these mules:—
Fig. 681 is a plan view ; 582 a tranvcrso section ; and yy'. 683 an end VIOW, of so

much of a nmlo as is requisite for its illustration here.
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As there aro many parts which ai-o common to all mules, most of which have been

pi'oviously described in the notice of tlio hand mule, we shall therefore only notice

the more prominent portions of the self-acting part of the mule. Among sucli parts

aro, the framing of the lioadstock a ; tlie carriage b ; the rovings c ; the supports n,

of the roller beam k; the fluted rollers a; the top rollers a' ; the spindles /> ; tlie

carriage wheels i' ; the slips, or rails, on which they move ; the faller wire
;

the couuter-faller wire h*. The following are the parts chiefly connected with the

self-acting portion of tlio mule :—The fast pulley f, the loose pulley f', the bevels f*

and F^ which give motion to the fluted rollers; the back, or drawing-out shaft g
;

Avhecls o' and o-, by wliich, through the shaft and wheels o* and g', motion is

communicated to the pinion (i" on the shaft g", and thence to the quadrant g'. The
scroll shaft ii, the scrolls u' and ii-, the catch-box for giving motion through the

bevel wheels and h* to the scroll shaft. Drawing-in cord h*. Screw in radial

arm i, nut on same i', winding-on chain i', winding-on band i«, drawing-out cord i'.

Pinion i« on front roller shaft, to give motion through the wheels i", i', and i«,

to drawing-out shaft G. Pinion j, and wheels j', and a' for giving motion to

shaft a'
;
pinion J^, giving motion to backiug-off wheel 3". On the change shaft k is

keyed a pinion which gears with the wheel J«, and receives motion therefrom.

683

One half of the catch-box k» is fast to one end of a long hollow shaft on whicli

are two cnras, one of which is used to put the front drawing roller catch-bpx m into

and out of contact, the other is used for the purpose of traversing the driving strap

on or off the fast-pulley r as required. The other half of the catch-box k' is placed

on the shaft k, a key fast on which passes through the boss of the catch-box, and

causes it to be carried round by the sliaft as it rotates. Though carried round with

the shaft, it is at liberty to move lengthwise, so as to allow it to be put into and

out of contact with the other half when required. The spiral spring is also

placed on the shaft k, and continually bears against the end of the catch-box next

to it, and endeavours to -put it in contact with the other, which it does when per-

mitted and the changes are required. The change lever moves on a stud_ which

passes through its boss : near which end of this lever are the adjustable pieces a.

When the machine is put in motion, supposing the carnage to be coming out, the

driving strap is for the most part on the fast pulley f when motion is given through

the bevel wheels f^ and f' to the drawing rollers a, which wiU then draw the roviugs

c off the bobbins, and deliver the slivers so drawn at the front of t.he rollers, and

the same being fast to the spindles ; as the carriage is drawn out the slivers are taken

out also, and as the spindles at this time are turned round at a
^^^^^^'^^f /^^^

6,000 revolutions per minute), they give twist to the slivers, and
S°°J^^ ^

them

into yarn or twisted threads. Motion is communicated to the spindles from the nm

p llev F^ the rini band fS which passes from the rim pulley to a groove

PlS^ on tS tin roller shaft, round -l-'} it P-^es and thence roijuid th^^^^^^^^

pulleV F» back to the rim pulley, thus forming an endless band It ^^ll
^^^J^^^*!';^^

the rfm band pulley and the other pulleys, over or round which the ^nn hand pn^se

are formed wiUrdouble grooves, and the band being passed '

J^^ran^
double band, which is found of great advantage, as i will work ^"^h a slacU

than if only one groove was used ; there is consequently, less strain on tho band, and it

is longer. A string or cord passes round the tin roUor to a wharve on each spinaie.
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round which it passes, and thenco back to the tin roller, and thus, when the tin roller

receives motion from the rim band, it gives motion to tlie spindles. The carnage is

caused to move outwards by means of the cord l, one end of which is attached to

a ratchet pulley fixed on the carriage cross, or square l", and is then passed over the

spiral grooved pulley fast on the drawing out shaft G, and passes thence under

the guide pulley round the pulley i.* to another ratchet pulley, also on the carriage

squire where the other end is then fastened. The cord receives motion from the

pulley L*, round which it passes and communicates the motion it receives to the car-

riage, the carriage-wheels moving freely on the slips b-.

When the carriage has completed its outward run, the bowl a* on the counter

fuller shaft comes against the piece ^^^ depresses it and the end of tlie lever k' to

which it is attached, and raises the other end, and with it the slide c, on which are

two inclines. A round pin (not seen) passes through the boss of the catch-box next to the

slide, and bears against the sliding half of the catch-box, and holds it out of contact.

When the slide c is raised, the part of the incline which bore against the pin and

kept the catch-box from being in contact is withdrawn, on which the spring puts

them in contact, and motion is given to the hollow shaft, and the cams thereon ; one

of which causes the catch-box 31 to be taken out of contact when motion ceases to

be given to the drawing rollers and to the going-out of the carriage ; and the other

causes the driving strap to be traversed off from the fast pulley on to the loose one,

when motion ceases to be given to the rim pulley and thence to the spindles. The

inclines on the slide are so formed that, by the time the shaft has made half a revo-

lution, they act on the pin and cause it to put the catch-box out of contact. The

next operation is the backing-off or uncoiling the threads coiled on the spindle above

the cop, which is effected by causing the backing-off cones attached to the wlioel j" to

be put into contact with one formed in the interior of the fast pulley f, when a reverse

motion will be given to the rim pulley and thence to the tin roller and the spindles.

The backing-off cones are put into contact by means of a spiral spring, which, when

the strap fork is moved to traverse the strap on to the loose pulley, it is allowed to

do. Simultaneously with the backing-off the putting-down of the faller wire takes

place, which is effected through the reverse motion of the tin roller shaft, which

causes the catch c> to take into a tooth of the ratchet wheel c^, when they will move
together, and with them the plate c^, to a stud in which one end of the chain c* is

fastened, the other end of which is attached to the outer end of the finger c^, fast on

the faller shaft. When this chain is drawn forward by the plate, it draws down the

end of the figure to which it is attached, and thereby partially turns the faller shaft

and depresses the faller wire b^, and, at the same time, raises the lever c^, the lower

part of which bears against a bowl attached to a lever which rests on the builder rail

c'. As soon as the lever is raised sufficiently high to aUow the lower end to pass

over, instead of bearing against the bowl, it is drawn forward by a spiral spring,

which causes the backing-off cones to be taken out of contact, when the backing-off

ceases, and the operations of running the carriage in and winding the yarn on to the

spindles must take place. Wlien the cones are taken out of contact the lower end of

the lever n is withdrawn from being over the top of the lever n', leaving that lever

at liberty to turn, and the catch-box h" thereupon drops into gear, and motion is com-
municated to the scrolls h' and h^, and to the cords and h'. The cord h* is at one
end attached to the scroll h', and passes thence, round the pulley h^, to the ratchet

pulley fixed to the back of the carriage square. The cord h' is at one end attached
to the scroll h', and passes thence round the pulley h"* to the ratchet pulley h' ' fixed

to the front of the carriage square. It will thus be seen that the carriage is held in

one direction by one band, and in another by the other band, and that it can only bo
moved in either direction by the one scroll giving off as much cord as the otlior winds
on. When the catch-box drops in gear, the scroll h' winds the cord ii'' on and
draws the carriage in. It will thus be seen that the carriage is drawn out by means
of the back or drawing-out shaft G, and is drawn in by the scroll h'. The winding-
on of the thread in the form of a cop is effected by means of Mr. Koberts's ingenious
application of the quadrant or radial arm g", screw i and winding-on chain i- and i^.

The chain i- is at one ,end attached to the nut i' and at the other to the band i^.

During the coming out of the carriage the drawing-out shaft through the moans of the
wheels g', g*, g*, and g*, shafts g' and g", and pinion g", moves the quadrant which,
by the time the carriage is quite out, will have been moved outwards a little past the
perpendicular. The chain is moved on to the barrel by means of the cord o, which
being fixed and lapped round the barrel as the carriage moves outward causes it to
turn. On the barrel is a spur wheel which gears into a spur pinion on the tin roller
shaft (these wheels being under the frame side are not seen in the drawing). The
spur pinion is loose on the tin roller shaft, and as the carriage comes out it turns
loosely thereon, but as the carriage goes jn the chain i'' turns the bf^,rrel round, aijd
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with it tlio spur pinion. A catch on a stud fixed in the side of tlio pinion, at tliat

time taking into a tooth of the ratchet -vvlicol i fast on tlio tin roller Bhaft, the motion
of the spur pinion is communicated to the tin roller shaft, and thence to the spindles,

causing tlje thread or yarn spun during the coming-out of the carriage to be wound
on tlie spindles, in tho form of the cop, while the carriage goes in. At the com-
moncemont of tho formation of a set of cops, Avhon tho yarn is being wound on the
hare spindles, tho spindles require to have a greater number of turns given to them
than they do whou tho cop bottom is formed ; to produce this variation the following

moans are employed. At tho conimoncomont of each set, the screw in tlie radial arm
is tiu-nod so as to turn tho nut i' to the bottom of the screw, whore it is near to tho
shaft on which tho quadrant moves

;
consequently, little or no motion is given to the

chain, and tho carriage, as it goes in, causes the chain to bo drawn off tho band. As
tho formation of tho cop bottom proceeds, tho screw is turned and the nut is raised

;

by which means a loss quantity of chain is drawn off the barrel ; tho chain, at tho

point of attachment, gradually following tho carriage as it goes in.

During the going-in of tho carriage the quadrant is drawn down or mado to follow

the carriage by the chain pulling it, the speed at which it is allowed to descend is

regulated by the motion of the carriage ; the quadrant, during the going-in of tho

carriage, through the pinion g", shafts and g", and wheels, o', g'', g*, and g* driving

the drawing-out shaft.

When the carriage has completed its inward run, tho bowl a* comes in contact with

the piece a*, and depresses it and the end of the lever k* to which it is attached,

and also tho slide c, which then allows the catch-box x' to be put in contact, and
causes the cam shaft to make another half revolution. During this half revolution of

the cam shaft, tho cams cause tho catch-box m to be put in contact, 'find the driving

strap to be traversed on to the fast pulley, and, by the latter movement, the catch-box

is taken out of gear and the winding-in motion of the scrolls ceases, and the

carriage wiU again commence its outward run, and with it the spinning of the thread.

Other improvements have been effected by Messrs. Dolsen and Barlow, and by

Messrs. P. and J. Mc Gregor, of Manchester. The latter firm have combined some

of the advantages of Eoberts's and Smith's mule. The chief alterations made by

Messrs. Mc Gregor are: first, the regulation of the araoimt of ' twist ' given to the

yarn from the tin roller or drum shaft of the carriage ; and second, the completion of the

automatic action of Eoberts's mule, which left to the spinner the duty of occasionally

regulating the copping apparatus so that as the cop was gradually built upward upon

the spindle, its speed might be slightly increased to meet the lessening diameter due to

its slightly spiral form. Neglect of this duty on the part of the spinner was followed

by a defect in the building of the upper part of the cop, which was rendered soft.

The necessity of this attention has been abolished by the improvement in question.

The mule is used for the production of both ' twist ' or warp, and weft. The twist

cop is usually of a larger size than the weft cop. The latter undergoes no further

operation until it is placed in the shuttle of the loom, except when intended for

bleaching or dyeing, or for export to distant markets. In the latter case it is wound

into skeins, and it may then with advantage be spun in cops of larger size. But when

taken directly to the loom, its bulk is necessarily limited by the fact, that the ' shuttle

space ' in weaving is very narrow, and the weight of the shuttle with its contained

cop cannot with profit be indefinitely increased, because of the force absorbed in its

transmission across the web.

Of the diverse purposes to which yarn is applied after the spinning process is com-

pleted, some account will be found under the head of Cotton Factoey.

COTTOKT TRADE. It is impossible to call to mind the fact, that nearly the

whole of the human race is clothed entirely, or in part, with cotton fabric, without

realising in some measure the important place amongst the activities of mankind which

is filled by the growth, manufacture, and distribution of this material. This is the

ground which is covered by the term ' Cotton Trade,' when used in its widest sense.

And it is obvious that the chain of operations included in the term is much enlarged

by the manifold diversity of the fabrics produced, as well as by the great distances

which lie between the countries where the raw material is grown, the region of its

manufacture, and the world-wide fields of consumption to which it is at last dis-

tributed Cotton is exclusively a tropical or semi-tropical product. Its conversion

into clothing by means of machinery is an industry belonging, as yet, almost ex-

clusively to temperate zones. In seeking to present a general view of the natiiro and

extent of the Cotton Trade it will be necessary therefore to indicate the relative im-

portance of tho sources from which the raw material is supplied, as well as of the

countries whore it is manufactured, and tho proportions in which it is distributed to

the regions of consumption. A considerable quantity of cotton is still spun by purely

handicraft methods, especially in China and in India. But of this we do not hero tako
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any account. Tlio manufacturo of cotton in India by means of machinery has^also of

late years reached important dimensions. With this exception, there is no part ot tlio

world where cotton is converted into clothing by mechanical means, on any scale worth

notice, except in Europe and in the United States. Under the head of Cotton Eactohy

we have indicated the relative importance of the various manufacturing countries as

shown in the estimated number of spinning spindles possessed by each. Now, the

supply of raw material consumed in the manufacturo is drawn from many fields ;
and

the order in which these stand maybe readily inferred from the following table, which

shows the average annual quantities contributed by each source of supply for the use

of the factories of Eiu-ope and the United States, during the three years 1871-73. The

statistics referring to the production of Central Asia, which is entirely consumed in

Eussia, refer to the year 1867, none of a later date being accessible.

Quantities and Sources of Supply of the Cotton consumed in Eterope and the United States,

Average of the
three years 1871-73.

United States 1,632,500,000 lbs.

East India 603,600,000 „

Esrypt, Asia Minor and Greece 231,200,000 „

Bra^l 119,400,000 „

West Indies and Peru 47,700,000 „

Central Asia 43,200,000 „

Total 2,677,600,000 „

This enormous aggregate which, reckoning 300 working days in the year, is equal

to 8,592,000 lbs., or upwards of 3,835 tons per day, was distributed to the manufac-

turing countries in the following proportions:

—

Great Britain and Ireland 1,216,000,000 lbs

The United States 508,100,000 „

Eussia and Sweden 221,100,000 „

France 193,100,000 „

Germany 166,500,000 „

Holland 86,000,000 „

Spain 60,000,000 „
Austria 67,100,000 „

Belgium 42,200,000 „

Italy . . 27,500,000 „

Total 2,577,600,000 „

It thus appears that of all the raw cotton consumed in the manufacturing countries

of Europe and America very nearly one half is used in the United Kingdom.
With regard to the distribution of the manufactured product, it is to be observed

that most of the countries named in the preceding table retain for home consumption
nearly all that they produce, and are also, in varying degrees, de]Dendent for their

supply of clothing upon the manufactures of other countries. The only ones which,
besides supplying the wants of their own home market, have any considerable surplus
for exportatioe, are Great Britain, France, Switzerland, Holland and Germany. Prior
to 1862 the United States also exported a large proportion of their cotton manufac-
tures. But, owing mainly to the high degree of protection with which the legislature
surrounded American manufactures during and since the civil war, the exports of
cotton goods from the United States have greatly declined. The well-known effects

of a protective system in increasing the cost of production have not prevented a very
rapid growth of the home consumption of native manufactures in the United States,
thanks to their growing wealth, to their increasing population, and to the large ex-
clusion of foreign productions by hea^-y import duties. But this increase in the cost
of production has effectually weakened the power of American manufacturers to com-
pete successfully with their foreign rivals in neutral markets abroad. The exports of
cotton goods from France, Switzerland, and Germany go principally to South America
and Africa, those of Holland to the Dutch East Indies and China. But by far the
largest proportion of the population of the non-manufacturing countries derive their
supplies of machine-made cotton goods from the United Kingdom. Of the proportions
in which the exports of British manufactures are distributed to the several consuming
countries, a very clear idea may be formed from a perusal of the statistics given at
the close of this article.

Of the tables given in the following pages not the least interesting is that which
furnishes an account of the quantities of yarns and piece goods, and tlic aggregate
vfilue of these and other cotton products exported to the various countries of tlie world
in 1872. From statistics for 1871, compiled by Messrs Ellison and Co., of Liverpool
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•we find tho consumption of British cotton manufacturos in Russia increased from id
per head in 1851 to l^d. in 1861, and l^d. in 1871. In Sweden and Norway the con-
sumption increased from i^d. in 1861 to over 13irf. in 1871. Germany advanced from
2s. y^cZ. to f)S. 2\d. per head. Belgium stood at rather less than ll^ld. per head in 1861,
and about tho same in 1861, but in 1871 tho figures rose to 2s. ^d., owing in a great
measure to tho diversion of trade occasioned by the war. In 1861 France did not use
more English cotton manufactures than was equal to about Id. per head of her entire
population

;
in 1861 tho figures rose to 4:},d., but in 1871. thanks to tho Commercial

Treaty, tho consumption reached Is. 2d. per head. Spain, including Gibraltar, con-
sumed 7\d. per capita in 1851, 9^d. in 1861, and IS^d. in 1871. Portugal took 3s. 7M.
per head in 1851, 4s. dU. in 1861, but only 4s. 2^ in 1871. In Italy the consump-
tion increased from about Is. 8d. per head in 1851 to 2s. 3d. in 1861, but fell to Is. lOd.
in 1871. Turkey in Europe took 2s. 2|c^. per liead in 1851, and 4s. !i\d. in 1871 ;

Turkey
in Asia figures for about 5d. in 1851, but 20^d. in 1871, owing to extended commerce
with tho interior. Tho trade with China is still very small per capita, but the increase
during tho past 20 years has been from Id. per head to nearly 4d. With India tho
increase has been from T^d. to 16fcZ. Japan took nothing in 1851, but in 1871 her
consumption reached more than 7d. per head. It is with tliese Eastern countries that
the greatest expansion of trade is to be expected in the future. The whole of Africa
consumed about 2|d. per head in 1851, and 7d. in 1871. Turning to America, there
is an apparent decrease in the consumption of Canada, the figures being 5s. 8id. in

1851, but only 4s. IQ^d. in 1871, but part of the increased shipments to tho United
States passed through Canada ; and it is this transit trade that partly accounts for the
United States' figures rising from Is. 8^. per head in 1851, to 2s. 8^. in 1871. The
West Indies do not show much increase ; in some instances there is a decrease. Mexico
advanced from 7^d. per head in 1851 to I6^d. in 1871- In South America the consump-
tion of Brazil only rose from 5s. 9d. to 6s. 2^d. per head, but Paraguay, &c., increased

from Is. 5\d. to 6s. 10|cZ. Chili, Peru, &c., remained almost stationary. Part of these

discrepancies, however, are owing to the changes which have occurred in the course of

trade. Taking the whole of South America the figures show an average consumption
of 4s. 5^d. per head in 1851, and 5s. 9d. in 1871. A recapitulation of the figures for

the world is as follows :

—

Consumption of Cotton Productsper Head,

Districts 1851 1861 1871

Europe
Asia .....
Africa .....
America.....
The World ....

d.

0 11|
0 3|
0 2f
2 llj
0 6i

s. d.

0 14f
0 5|
0 5l
2 9i
0 9|

s. d.

0 30f
0 8i^

0 7'

4 Qi

0 131

Eespecting the business results of the year 1872, Messrs. Ellison and Co. say that

' from every point of view regarding the interests of the cotton trade the past year has

formed quite a contrast to its immediate predecessor. 1871 was a year of unexampled

prosperity to everyone in the industry, whether as importers, exporters, or consumers
;

but 1872 has been a year of constant anxiety, disappointment, and general unprofit-

ableness.' The table given on the last page of Messrs. Ellison and Co.'s report shows

liow unprofitable the business of the year was to consumers :
—

' The balance left for

wages, other expenses, interest of capital, and profits was 54,216, 000^. or 12^d. per lb.

on tho cotton consumed, against 61,147,000^. or 13^d., in 1871. This loss of 1^.

per lb. (nearly 7,000, 000^.), was entirely borne by the millowners, for there" was no

reduction in the rate of wages. Moreover, there was an important additional item of

expense in the shape of a serious advance in the price of coal. Altogether the year

has been the most unsatisfactory one since 1869, during which some scores of failures

occurred in the manufacturing districts, but the profits realised in 1871 saved Lanca-

shire from banlcruptcy during the past 12 months.'

' Importers of the raw material,' say Messrs. Ellison and Co., ' have also had a

harassing time of it. They made some money in the early part of the year,_ but they

have lost since, and the net result has been tho reverse of gratifying. To importers

of East-Indian cotton the year has been one of unmixed disappointment, omng to the

tenacity with which consumers, notwithstanding the high range of prices, have clung

to American and long-stapled cotton. The explanation is, first, that tho demand lias

hocn chiefly for the better grades and finer numbers of yarn
;
secondly, tliiit the

"hands" have persistently refused to work Surats ; and thirdly, that tlie quality of

the East-Indjan crop was exceptionally poor,
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'The totiil direct import of cotton into Europe in 1872, amounted to 6,488,000

bales, of which 3,880,000 bales wero received into British and 1,608,000 bales into

Continental ports. Of the 3,880,000 bales received into Great Britain 743,000 were

re-exported to the Continent, making the total supply to foreign Europe 2,351,000

bales, and leaving 3,137,000 bales for British consumption. The stocks at the close

of the year showed an increase of 70,000 bales as compared with those of twelve

months previously, so that the deliveries were 5,418,000 bales, of which 3,215,100

bales wore to English, and 2,203,000 to Continental spinners. The .average weekly

deliveries were: to English spinners, 61,820 bales, against 62,820 in 1871 ; and to

Continental spinners, 42,365, against 45,270 bales. We believe, however, that the

stocks at the mills are fully 50,000 bales in Great Britain and 100,000 on the Continent

less than they were at the close of 1871, so that the actual consumption has been at

the rate of 62,800 bales per week in Great Britain, against 59,900 in 1871, and

44,5000, against 43,560 bales.'

Messrs. Ellison and Co. estimate the number of cotton spindles in Europe at 39,500,000

in Great Britain, and 18,580,000 on the Continent. In the United States there are

iibout 8,350,000. The deliveries of each description of cotton in each of the past two

years were as follow :

—

Deliveries 1,000'b of Bales

Average Total
1871 1872

lbs.

American . 3,004 2,142 2,573 1,126,974,000

Brazilian . 628 1,043 835 133,600,000

Egyptian, &c. 435 507 471 219,016,000

West Indian 245 233 239 60,190,000

East Indian 1,257 1,493 1,375 493,625,000

Total . .5,569 6,418 6,493 2,023,404,000

For a full consumption a supply of 2,064,000,000 lbs. is requisite, or about 40,000,000
lbs. more than the average deliveries of the past two years. Messrs. Ellison and Co.
estimated the supply in 1873 as compared with the actual imports in 1872 and 1871
as follows :

—

1871 1872 Weight of Import, 1873 Total

American .

Brazilian

Mediterranean
West Indran .

East Indian .

Bales

3,114,000

680,000

445,000

240,000

1,538,000

Bales

2,036,000

1,006,000

613,000

237,000

1,696,000

Bales

2,466,000

760,000
560,000

240,000

1,550,000

Average
439
160

480
210
360

lbs.

1,082,574,000

121,600,000

268,800,000

50,400,000

558,400,000

Total 6,017,000 5,488,000 5,676,000 273 2,081,774,000

v^.i i,*.^ov> .^giiics j..j.cnoio. xjniouu aiiu oo. remnrK. uiai,, allowing lor no increase in
spindles during the past twelve months, the above supply shows an excess of only
17,774,000 lbs., or 47,600 bales of 373 lbs. over the requirements of consumers, and,
bearing in mind the feet that the year commences with a stock in all Europe 80 000
bales less than at the close of 1871 (that is 150,000 bales less than in the hands of
spinners, but 70,000 more in the ports), there does not appear to be very much room
for an expansion of spindle power during the ensuing twelve months With a
prospective supply very little, if at all, greater than the present consuming power of
Europe, and only about 2} per cent, greater than the actual average deliveries of the
past owt years, prcies on the average, for the year round will not, perhaps ereatlv
vary from the mean of 1871-72, say Q^d. for Middling Uplands, and 7M for fair
DhoUerah. Any important average advance upon these rates would lead to economy
and reduced consumption, as in 1872. Any material decline would stimulate demand
as in 1871. For the immediate future the course of the market will be ruled by theamount of the weekly receipts at the American ports. Continued free arrivals wouldweaken the hands of holders; but as the supply from the East will be much smallfer
during the first half of this year than last, owing to the lateness of the Bombay crou
prices would not give way very much.

_
On the other hand, a material reduction inthe receipts at the Amencan ports pointing to smaller figures than those we haveadopted, would bring the .smaller crop estimates into fayour, an4 lea4 to some epecu-

Jative excitement, and a sharp advance in yalues,
• • ^ -

.

e^c^n
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The pvocoding romarlcs, M'lion road in coiiiieetion villi llio TuLIoh of Imports and

Exports givon, cannot but bo of liigli valuu in any con(ji(lfratio:iH of (lie state of our
cotton manufactures.

Cotton Impoutkd in 1872.

Cotton Haw, and Waste of:

From Germany
„ Holland

Belgium .....
France .....
Portugal
Spain

Turkey
Egypt . . .

United States of America
Spanish West India Islands .

Hayti and St. Domingo
New Granada ....
Peru
Chili_

Brazil ......
British India : Bombay and Scinde

„ Madras

„ Bengal and Burmah
Australia .....
British North America .

British West India Islands .

Other Countries ....
Total ....

Quantities Vnluc

J*

6,C12 o I J I yj^

4 88/5 1/11 (M

5,4.')1

50 492

9,833

8,531

53,482 999 09(»

1 585 5;"! 1 7 7Q9 ^x'X'l

5 585 7 1 5 9;'i 04-7 A(K(\

9,023 40,970
18,247 76,786
57,634
98',433 467,249
23,779 114.352

1,004,552 4,729,913
2,530,735 8,512,877

671,774 2,099,310

732,037 2,250,113
29,083 143,793
3,168 10,296

11,450 53.814
78,439 307,811

12,578,906 53,380,670

Cotton Yarn, and Waste of:

From Germany
„ Holland

„ Belgium .
'

„ France

„ British India

„ Other Countries

Total

Quantities Value

lbs.

28,480

357,727
436,890

647,055

95,089

23,774

£
3,015

30,665

21,115

17,930

2,493

1,608
•

1,589,015 76,826

Cotton Manifaciurcs.

Piece Goods of India and China

:

From Egypt

„ British India

„ French India

„ Other Countries

Total

Piece Goods of other Countries: Muslins:

From Germany
„ Franco . . . •

„ United States of America ....
,, Other Countries

Total

Quantities Value

pieces

6,700

81,105
12.595

2,613

£
4,400

44,596

5,740

:,079

103,013 67,815

3,113

3,767

12,250

4,131

2.143

4.982

3.128

3,172

23.261 13.425
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Pieces Value

Piece Goods other than Muslins:

From Gcrmiiny • • • . • • • •

„ Holland
"RAlo*inTn

„ France .

„ Other Countries

23 603
138,580

19,947

3,559

&

18,082

154,473

40,1 / Z

34,410

2,691

Total . . . '

. 229,251

TTo^ipT^t fiT nil. i^/it*/* '

From Germany . . . . .

„ Other Countries

Quantities

115,559

2,148

Total 117,707

Unenumerated

:

From Germany .......
„ Holland

„ Belgium . . , , .

„ France

„ Other Countries

— 90,281

343,587

210,763

360,767
36,724

Total 1,042,122

Cotton Exports in 1872.

Cotton Yarn and Twist.

To Kussia

„ Sweden , . .
•

„ Norway .

„ Denmark .

„ Germany .

„ Holland ,

„ Belgium .

,, France

„ Spain and Canaries .

Italy

„ .Austrian Territories

„ Greece

„ Turkey Proper .

„ Wallachia and Moldavia

„ Egypt
„ China

„ Japan

„ United States : Atlantic

>, ), Pacific

„ Malta

„ British India : Bombay
,» ,1 Madras
»> 1, Bengal and
„ Strait Settlements

„ Hong Kong
„ Other Countries

Total .

and Scinde

Burma! 1

Quantities Value

lbs.
'

£
2,531,780 214,471
1,193,209 92,497
738,100 37,784

2,635,616 246,775
46,607,411 3,930,323
45,002,777 4,495,051
2,158,420 217,442
5,536,716 643,772
491,855 55,843

17,346,940 909,352
2,867,882 152,539
1,928,880 101,230

19,086,450 1,065,459
2,958,260 167,604
9,484,575 679,797
2,731,540 170,356

11,909,320 737,510
1,674,153 183,922

18,000 1,115
1,639,200 77,390
4,465,960 336,590
5,728,290 416,258

12,425,280 984,994
1,863,300 150,601
7,034,320 423,758
2,269,738 204,993

212,327,972 16,697,426
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Cotton Manufact tires.

II

II

11

II

Piece Goods : Plain :

To Norway
„ Donmurk
„ Germany
,, Holland

„ Belgium
„ France

„ Portugal, Azores, and Madeira .

Spain and Canaries .

Italy
_

Austrian Territories .

Greece
Turkey Proper....
"Wallachia and Moldavia .

Egypt
Morocco .....
Western Africa (Foreign) .

Eastern Africa (Native) .

Java .....
Philippine Islands .

China
Japan .....
United States : Atlantic .

„ Pacific

Foreign West Indies

„ Mexico .....
,, Central America

„ United States of Colombia (New Gr

„ Venezuela ....
Peru « . . • .

„ Chili . , . . .

„ Brazil .....
„ Uruguay . .

_
.

„ Argentine Eepublic .

„ Gibraltar . . . .

„ Malta .....
„ Western Africa (British) .

„ British Possessions in South Africa

,, Mauritius . . .

,, British India : Bombay and Scinde

„ „ Madras

„ „ Bengal and Burmah

„ Straits Settlements . .

„ Ceylon . . . . •

„ Hong Kong ....
„ Australia

„ British North America

„ British West India Islands and Bri

,, Other Countries

Total ....
Piece Goods: Printed:

To Eussia

„ Germany
„ Holland

„ Belgium

„ France

„ Portugal, Azores, and Madeira

„ Spain and Canaries

„ Italy

„ Austrian Territories

Carried foryvard

Quantities Viiliif

YiirclB &
10,1)16,363 305,415

2,076,912 53,370

6,370,314 164,080

M, 11 1,926 313,965

3,705,324 03,385

35, .067, 041 560,092

49,612,750 705,804

4,482.930 85,806

44,057.700 615,376

9,269,705 129,138

20,081,800 295,283

165,449,000 2,350,022

11,927,700 169,529

220,948,440 2,825,2o8

12,388,200 198,180

3,642,356 48,064

5,335,900 70,168

10,966,950 185,115

7,535,900 123,331

295,878,375 4,476,566

.
24,413,100 349.370

53,308,858 1,230,292

1,139,700 16,534

36,017,401 569,820

7,375,603 1 29,595

3,008,542 43,680
lada) 44,086,405 711,638

4,881,920 74,672

15,046,780 255,036

38,851,190 605,705

91,343,455 1,466,788

11,482,549 207,308

34,638,309 585,917

19,813,300 286,999

20,983,300 270,316

10,458,700 157,264

11,721,512 238,373

6,583,433 104,473

175,219,250 2,184,659

28,453,400 396,516

546,014,730 6,831.397

1 271,022

27,870,500 429,356

7o,z40,oOU 1 99J. n9n

25,667,822 597,561

21,229,528 419,100

sh Guiana

.

16,185.512 251,664

10,994,134 193,940
—

2,379,968,019 34,842,628

1,889,570 63,626

85,234,574 1,796,591
476 606

3,638,892 87.041

70,110,273 1,001,1*40

23,159,470 381.454

10,592,446 213,811

29,128,900 608,544

4,907,900 103,948

t • '
249,619,955 5,282,567
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ranada)

Brought forward .

To Greece . . •
•

„ Turkey Proper .

„ Wallachia and Moldavia .

„ ISgj-pt . . •
•

„ Morocco . . • •

„ Western Africa (Foreign)

„ Eastern Africa (Native) .

,, Java ....
,,

Philippine Islands .

„ China . . . •

,, Japan . . • •

„ United States : Atlantic .

,, „ Pacific

„ Foreign West Indies

„ Mexico . . . •

„ Central America

„ United Stiites of Colombia (Now Or.'

„ Venezuela . . • •

„ Pom
„ Chili

„ Brazil . . . • •

„ Uruguay . . . . •

„ Argentine Kepublic .

„ Gibraltar . . • •

„ Malta . . _
.

„ Western Africa (British) .

„ British Possessions in South Africa

„ Mauritius . . •

„ British India : Bombay and Scinde

„ „ Madras

„ „ Bengal and Burniah

„ Straits Settlements ,

„ Ceylon .....
„ Hong Kong ....
„ Australia

„ British North America

„ British West India Islands and Jlrit

„ Ot her Countries .

Total ....
Piece Goods of Mixed Materials:

Cotton j)redomhiativg

:

To Germany
,, Holland

„ Belgium

„ France

„ Egypt
„ Western Africa (Foreign)

„ China (exclusive of Hong Kong)

„ Japan .....
„ United States : Atlantic .

„ „ Pacific

„ Foreign West Indies

„ United States of Colombia (New Granada)

„ Brazil

„ Argentine Republic .

„ British India : Bengal and Burmah
„ Australia.....
„ British North America

,, Other Countries

hG iiua

Total

Quantities Value

Yards &
249,619,955 6,28Z,ob7

8,875,200
ITT O O fi
177,3d9

115,500,200 2,382, »4iJ

3,111,700
.•39,835,660 740,195

1,076,100 31,211

19,374,087 355,204

788,000 16,368

12,359,400 216,792

3,211,900 79,/Oo

16,812,600 339,065

3,334,900 81,851

72,347,144 2,108,lo2

2,017,900 39,149

68,375,029 1,156,147

11,778,960 212,04z

2,450,003 41,828

53,497,182 l,0z6,47,^

14,333,853
O 1 A AO OolO,Ooo

11,053,450

29,819,900
mn coo
029,5t5i}

94,108,598
1 All 1 O T
1,941,187

17,917,715 34z,744

29,133,627
C T 1 COO571,538

15,018,400 322,499

3,152,800 64,d2o

16,569,200 300,137

13,462,313

4,714,119 87,092

32,697,100 65o,500

4,989,660
O O /* 1 'J88,61o

73,688,765
"1 1 1 A WA
1,164,270

18,588,600 341,720

5,3o5,800 114,700

12,146.400
O A ,4 OA/*
(304,890

19,072.010 514,112

18,657^293 412,673

419,641

4,638,359 86i513

1,137,626,766 23,360,694

2,626,702 75,117

972,220 41,673

4,706,425
ion fi A
183,874

1,063,200 35,757

327,610 13,588

668,960 7,983

729,400
AO O O O
28,383

310,100 14,826

2,734,234 97,423

9,500 688
591,750 20,423

471,627 20,850
366,239 18,419

75,300 3,574
121,900 5,413

2,005,800 66,616
1.442 742 46 90R

1,267,917 46,487

20,391,526 727,891
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Laco and Patent Net:
To Eussia

I, Germany .

„ Holland .

„ Bolgimn .

„ Franco

„ Spain uud Canaries

„ Italy

„ Egypt ...
„ United States : Atlantic

» )> Pacific

„ Foreign West Indies

„ United States of Colombia (Now Granada)
„ Peru . .

^

Chili

„ Brazil

I, Uruguay .

„ Argentine Eopublic .

„ British India (Bengal and Burmah)
„ Australia .

,, British North America
„ Other Countries

Total :

Hosiery, Stockings and Socks
To Japan

„ United States : Atlantic

)) ,) Pacific

,, Foreign West Indies ....
„ United States of Colombia (New Granudii")

„ Chili ...
„ Brazil

„ Urugiiay .

„ Argentine Republic .

„ British Possessions of South Africa

,, British India : Bengal and Burmah .

„ Australia

,, British North America ....
„ British West India Islands and British Guiana
„ Other Countries

Total

Quantities Value

Dozen Pairs

16,284

364,172
335

24,579

13,391

53,504

66,945

30,653

129,257

20,435

29,230

316,863

16,584

21,528

88,925

1,182,685

£
6,409

46,334

65,771

149,098

91,616

16,632

32,342

8,982

470,646
236

7,740

17,595

14,344

6,282

20,186

6,091

7,225

9,528

10,123

20,812

26,428

1,024,420

3,074

167,999

161

6,738

4,564

11,165

20,584

9,714

31,237

7,087

7,954

106,202

0,135

6,937

29,288

418,839

Hosiery of other Sorts {quantities not given).

Value
To Germany £21,371

„ Holland 6,863

„ Italy 7,831

„ Turkey Proper 9,351

„ Egypt 11,722

„ United States : Atlantic .... 359,037

„ ,, Pacific .... 203

„ Foreign West Indies 13,817

„ United States of Colombia (NuAV Granada) . 17,183

„ Peru 12,358

., Chili 14,011

„ Brazil 19,231

„ Uruguay .'
. . . . 16,869

,. Argentine Pepublic 36,878

,, British India : Bombay and Scinde . . 6,698

„ Australia . 20,109

,, British North America .... 46,951

„ British West India Islands and British Guiana 10,594

„ Other Countries ...... 56,547

Total 687,624
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Thread for Sewivg

To Russia ....
Sweden
Norway . . . •

Germany . . • •

Holland ....
Belgium ....
Franco
Portugal, Azores, and Madeira

Spain and Canaries .

Italy . .
_

.

Austrian Territories .

Turkey Proper .

Java . . . •

United States : Atlantic .

„ Pacific

Foreign West Indies

Mexico ....
United States of Colombia (Now Granndn)

Venezuela

Peril ....
Chili ....
Erazil ....
Uruguay ....
Argentine Eepiiblic

British India : Bombay and Scindo

„ Bengal and Burmah
Straits Settlements .

Australia

British North America
British West India Islands and'British Guiana

Other Countries

Total .

Quantities Value

lbs. £
404,498 • 62,084

105,096 16,621

21,780 3,916

950,005 190,339

189,223 30,580

96,621 23,370
213,225 39,672

100,308 13,845

142,818 26,922

202,521 20,178
31,621 3,168

192,403 20,524
111,390 13,201

2,106,996 473,341
26,600 4.551

282,945 40.528
154,532 21.238

153,175 19,874

84,905 8.261

136,757 15,506

150,893 18,133

444,159 77,340
64,772 13,101

145,500 38,182
226,233 24,573
313,411 35,421

80,790 7,757
137,266 21,006
282,737 61,468
68,186 11,166

413,490 44,368

8,043,856 1,400,243

Other Manufactures Uncmmcraicd :

Valac.

To Eussia . £13,757

„ Germany 56,333

„ Holland 103,527

„ Belgium 77,901

„ France 99,302

„ Portugal,' Azores, and Madeira . . . 9,699

„ S]7ain and Canaries 12,069

„ Italy 8,660

„ Tiirkey Proper 34,482

„ United States : Atlantic .... 182,336

„ „ Pacific .... 2,089

„ Foreign West Indies 33,490
,, United States of Colombia (New Granada) . 36,669

Peru 6,041
Chili 11,993

„ Brazil 27,458
„ Uruguay 11,606

,, Argentine Republic 23,506
„ Gibraltar . . . . . , . 6,742
„ British Possessions in South Africa . . 65,591
,, British India : Bengal and Burmah . . 13,132
„ Straits Settlements 10,411
„ Hong Kong 7,980
„ Australia 65,908
,, British North America .... 26,756
„ Other Countries . . . . .67,172

Total 1,004,390
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COURT PXASTER. Silk or somo similar fabric covorod on ono Bido with isin-

glass 111 .si)irits of wiiio, witli somo Benzoin or gum Bonjamin.COW-DUNG is oniployod in Uio processes of dunging in Calico-printincCOW-DUNO SUBSTITUTE. The sulphate, carbonato, and phosphite of limoand soda. Soo Calico-Phintino. ^ r

PllffB. Cowrie or Kaurie Pine. The Dammara ausiralie, a. nativo of
JSow Zealand, producing timber wliicli is much valued for making masts and long
spars of great strength. This pine also yields the gum-rosin known as Cowrie aum
used in the preparation of certain varaishos.

'

CRAiarBERRY. The rod acid fruit of tho Oxycoccus palustria. Tho 0. macro-
carpus is tho American variety. Tho fruit is preserved in water, and largely used.CRANES, Tubular. Among the many applications of tlio hollow-girder system
this is ono of tho most ingenious.

'

Fiff. 681 is a vertical section of a crane, constructed according to a recent invention,
and calculated for lifting or hoisting weights up to about 8 tons. Fig. 685, is an
elevation of tho same; ftffs. 686, 587, 588, and 580, aro cross-sections, on the lines a
c d, ef, g h ; and Jiff. 690, a transverse vertical section on tho lino i k. a a is tlie jib,'

which in its general outline, is of a crano-nock form, but rectangular in its cross-
soction, as particularly shown in^^'s. 587, 588, and 689. Tho four sides are formed
of metal plates, firmly riveted together. Along tho edges tho connection of tho

584

5

—

^

591

592

platos is effected by means of pieces of angle iron. Tho connection of the plates

tho cross-ioints on tho convex or upper side of tho jib aro mado by the riveting on

a plate, which covers or overlaps the ends of the two plates to be joined ;
the rivets
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this part are disposed as ropreseutcd in/^. 592 (a plan of the top platos), and kuo-wn
as 'chain riveting'; b b is the pillar, which is firmly sccurod by a base plate p, to a
stone foundation b ; and fits at top into a cup-shapod bearing c', which is so firmly
secured to the side plates of the jib, at or near to the point where tie curvature com-
inoncos,_ and on which bearing the jib is free to revolve. Fig. 590 is a transverse verti-
cal section of the lower part of the jib, showing the manner of fitting the bearings
for the chain-barrel (which is placed in the interior), and the spindles and shafts of
the wheel gearing, by which the power is applied there to d, the chain-pulley,
which is inserted in an aperture formed in the top of the jib. The chain passing over
tliis pulley enters the interior of the crane and is continued down to the chain-
barrel. E is a pulley or roller, which is interposed about half-way between the chain-
pulley and the chain-barrel, for the pui-pose of preventing the chain rubbing against
the plates.

_
Fig. 691 is a plan of the lower plates.

Fig. 593 is a vertical section of another crane constructed upon the same principle
as that just described, but calculated for lifting much greater weights (say 20 tons)

;

it differs in having the lower or concave side a a, of the jib strengthened by means of
three additi.onal plates b B b, whereby the interior is divided into one large and three

Sc'rofl^'sgt^'^hT/^'-
595 which are cross-sections upon the lines a h,

IfL -f ^ ^^Vr ••
.

arrangement of the cells to strengthen the lower or concavo

loaf'£d wkh'oif
^-^^"^"^ compression LrJeTb;

nf« f!nc- '
. ,

unnecessarily increasing the weight of the other mrts
f^luT \^T^iT'' -^^^PP^^ Pl^te« does Jotrequire so much ma
Z if S ;

the toe of the jib, which rests in a step formedTn the S>tZl V
"y^'"'^"'^'^! ^'^^tings B, which is built into the masonry forSng the bisis oFthe machine, k k are two of a sot of puUeys, which are mounted LtwTen fwo rin^

"
J
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nud sorvo as anti-friction rollers for the upper bearing of the jib. The lowermost of

tlio rings v r, rests upon a set of rollers o a, which ar6 fitted into the top of the cast-

ing D, so that as the jib is turned round, the rings f f, and the anti-friction rollers

which they carry, have perfect freedom to move along with it ; ii is a platform, upon

Avhicli tlio persons working the machine may stiind, and which supports the column j,

within which there is mounted a spindle k, tlie lower end of which has keyed to it a

pinion L, which gears into a circuhir rack m m, bolted to the top of the cylindriciil

casing u. n is a worm-wheel keyed to the top of the spindle K, into which an endless

screw worked by a hand-wheel, is geared, so that, by turning the hand-wheel, the jib

of the crane is made to move round in any required direction, o is the chain-barrel

;

p the chain-wheel ; h u pulleys or rollers which support the chain, and prevent its

rubbing against the plates of the jib.

In the cranes and hoisting machines described, the chain barrels are inclosed within

the jib, and the spindles of the wheel-gearing are also inside ; and this is the dis-

position of these parts preferred ; but it will be obvious that they may be also

placed outside of the jib, in a manner similarly to that generally followed in the con-

struction of ordinary cranes.

CRA.PE. {Crepe, Fr.
;
Krepp, Ger.) A transparent textile fabric, somewhat like

gauzo, made of raw silk, gummed, and twisted at the mill. It is woven with any

crossing or twecl When dyed black, it is worn by ladies as a mourning dress,

Crapes are crisped (crepes) or smooth ; the former being double, are used in close

mourning ; the latter is less deep. The silk destined for the first is spun harder tliau

for the second ; since tho degree of twist, particularly for the warp, determines the

degree of crisping which it assumes after being taken from the loom. It is for this

purpose steeped in clear water, and rubbed with prepared wax. Crapes are all woven

and dyed with the silk in the raw state. They are finished with a stiffemng of gum-

water. White crape is appropriated to young unmarried females, and to virgins on

taking the veil in nunneries.
i • r

Crape is a Bolognese invention, but has been long manufactured with superior

excellence at Lyons in France, and Norwich in England. There is now a large manu-

factory of it at Yarmouth, by power-loom machinery.

There is another kind of stuff, called crepon, made either of fine wool, or ot wool

and silk, of which the warp is twisted much harder than the weft. The erepous of

Naples consist altogether of silk. Mrophanes, crape-lesse, and gau!:e are either white

or coloured crapes.
, „, , ^ ^ u ^

CRAYONS. (Eng. and Er. ;
Pastellstifte, Ger.) Slender, soft, and somewhat

friable cylinders, variously coloured for delineating figures upon paper, usuaUy called

chalk drawings. Eed, green, brown, and other coloured crayons, are made with fane

pipe or china clay paste, intimately mixed with earthy or metallic pigments, or in

general with body or surface coloiu-, then moulded and dried. See Dkawixg

Chalks.
CREAM OP TARTAR. The Eitartrate of Potash.

, . ^
CREATINE or Kreatine, C»ffN'0»-h2H0 (C^H^N^O^ + H^O). A base existing

in the juice of flesh and in lu-ine along with creatinine. It was discovered by

Chevreul, but chiefly investigated by Liebig. ,

CREATIBriNB or Kreatmine, C«H'N»0^ (C'K'W^O). A base produced from

creatine by the loss of two atoms of water. „ . . , • ii„

CREEP In working a coUiery on the pillar-and-stall principle it occasionaUy

happens that the pillars are forced into the floor by the weight of the suprincumbent

strata, and the pavement is gradually heaved up until it may finally settle against the

roof ; this rise of the floor is called a creep. See Mining for Coat
_ ... .

CREOSOTE or Kreosote. One of the many, singular bodies discovered by

Eeichenbach in wood-tar. It derives its name from XP««^, Aesh, and <ra>Ca.. I preserve

fn alSon to its remarkable antiseptic properties A great ^eal of coi^usion^

in the published accounts of wood creosote, owing to the variable nature of the results

".ta ne^d by tlie chemists who have examined i^t. This ^ cSoTc'^i^
that from coal, which undoubtedly contains two homologous bodies, C H 0 {C HO)

cr^ote sometimes consists almost entirely of "''jl';
f„,.

boiling point, contain acids .ppsr»^^^^^^^

=S=^ttrlri'o^^^^^^^
rtrmr'iJttfnT::ss
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all of which are extremely odorous. No croosoto found in commerce is ever perfectly-
homogeneous, nor, in fact, is it necessary that it should be so. If perfectly soluble in
potash and acetic acid of the density l-07(), and if it does not become coloured by
exposure to the air, it may bo considered piu-o enough for all medicinal purposes. Tho
oils from wood- and coal-tar may ho made to yield creosote by the following process.
Tho oils are to be rectified until the more volatile portions (which are lighter than
water) have passed over. As soon as tho product running from the still sinks in
water the receiver is to be changed, and the oils may bo received until the temperature
required to send over the oil is as high as 480° F. Tho oil so obtained is to bo
dissolved in caustic soda, all insoluble in it being rejected. The alkaline solution
after being mechanically separated, as far as possible, from the insoluble oil, is to be
boiled for a very short time. Two advantages are gained by this operation : any
volatile bases become expelled, and a substance whicli has a tendency to become
brown on keeping, is destroyed. Sometimes the oil on treatment with potash yields
a quantity "of a crystalline paste. This is naphthaline, and should be removed by
filtration through coarse calico or canvas. The alkaline liquid is then to be supersa-
traatcd with dilute sulphuric acid, on which the creosote separates and rises in the
form of an oil to the surface. This creosote is already free from the greater number
of impurities, and, if rectified, may be used for many purposes. To obtain a purer
article the operations commencing with solution in caustic soda are to be repeated
If the alkaline solution on boiling again becomes coloured, the purification must be
gone through a third time. It is essential not to boil the alkaHne solution long or a
serious loss of creosote would take place. According to Keichenbach the boiling point
of creosote is 397°. Carbolic acid boils between 369° and 370°. Cresylic acid boils
at 397°. From this it would appear that Eeichenbach's creosote consisted of cresylic
acid. The specific gravity of creosote according to Eeichenbach is 1-037 at 68°
that of carbolic acid is 1-065 at 64°. Carbolic acid and its homologues, when mixed
with quicklime and exposed to the aii-, yield a beautiful red colom-, owing to the
lormation of rosolic acid. See Disinfectants

c.t'^fx^n's*;»4'=^^.. <•""'"• ^ °^
->=°'^'

CEITH. (Kpie^, a barleycorn). A unit of weight, introduced into modern che-mistry by Dr. Hofmann. A crith is the weight of a litre of hydrogen at 0°C and
760 mm. bar. pressure

;
this amounts to 0-089636 gramme. The use of the crith isconvement in calculating the weights of given volumes of different gases on the metric

Soi?th Afil^^^^^Jl^f ^ f occurring in the Griqua Country,bouth Afiica. mite, brown, red, and blue varieties are known ; and some of these

r.^r. Trf^'-'^''"'/"'^f'^^^^^-'=.°^""^'^'^
'^'''-'y'^ "^^'^ ^^'^ in jewSlery Thetrue crocic ohte is a hydrous silicate of protoxide of iron, magnesia and soda - bu?much of the so-called erocidolite from South Africa has been provec t^be Seudo

"'Zioaoi^^r'''^ ^^^^^ °^ «ther fLign matte ,
^

CROCOISITE. Native chromate of lead, PbO,CrO» (PbCrO^ occurring- insmall %acinth-red ciystals in some of the Siberian mi;es, in HirngLy, in S^ai^

CrocoL ' ^ ^^^^^^^1^"^; The name of the species is sometimes written.

The '^Ser^'ctenlts 'ZTtr """"t ^ ^'^^ P"^'^'" ^^^-^ "^^^ ^^^^^ iron.

CrSS^Sfj, ith^'' f''''^^
belonging to the natural order of Iridace^e. The

sH^^L r fl

species from which the safiron of commerce is produced The
st?e form 1^,! IT'' "''i " "^''^ ^^'^'^S'^ '^^l'^"^' ^""^ these, when dS in the loo e

vSS f^^'J^i f Z' ^¥°.«ompj^essed it forms the eakc saffron. Saffron is culH

c52?o5 o» P^*^"^^ y^'^"^' Sunn or Bengal hemp

rj;w^iSSrirKiS^^ -«^-'the cUn
3 T 2
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CROTTIiES. A namo given to certain lichons in Scotland which aro used for
dyeing wooUon stuifs brown.
CROWBERRY. The berries of Empcirum nigrum, oaten in the north of

Europe, and used in Groonland in the preparation of a fermented beverage.
CROWN GI.ASS. See Glass.
CRUCIBI.ES {Crcuscts, Fr.

;
Schmelztiegcl, Ger.) aro small conical vessels,

narrower at the bottom than the montli, for reducing ores in assaying by the dry
way, for fusing mixtures of earthy and other substances, for melting metals, and
compounding metallic alloys. Tliey ought to bo refractory in the strongest heats, not
readily acted upon by the substances ignited in them, not porous to liquids, and
capable of bearing considerable alLoruations of temperature Mnthout cracking; on
whicli uc'conut they should not be niiide too thick. See Assay; Melting Pots.
CRVSHZKTG AJSH GRIZO'BIM'C IVIilCHIirERY. See GniKDlNG AKD Gbush-

iNO Machinkuy, under Deessinq of Oees.

CRYOXiITE. {Kryolith, Eissiein, Ger.) Tliis mineral derives its namo from
KpiJos, ice,—from the circumstance of its being fusible in the flame of a candle. It is

a double fluoride of aluminium and sodium, represented by the formula Al'-F' + SNaF
(Al-r^.eiffar), which corresponds to aluminium IS'OO ; sodium 32-8

; fluorine 54-2

per cent. The mineral usually occurs in cleavable masses of snow-white colour,

having a specific gravity of about 3. Cryolite is found only at E\'igtok, in Arksut-

fiord in West Greenland, -whero it forms a large deposit in gneiss, associated with

galena, pyrites, and spathic iron ore. It is now obtained in large quantities, and is used

in the preparation of sulphate of alumina and alum; it has also been used in Germany
in the manufacture of soda and soap, and of late has found a new application in

America for the production of cryolite glass. The mineral is also emploj'ed in the

manufacture of aluminixim, and was at one time the chief source of the metal. See

Altjminitjm.

CRYOIiITE CIiASS. At Pittsburg in Pennsylvania an opaque milk-white

glass resembling porcelain is made with cryolite. This glass may be obtained by

melting together the following ingredients: silica, 67"19
;
cryolite, 23-8i; and oxide

of zinc, 8-97 per cent.

CRYPTXDIIVE, C--H"N (C"H"M"). A volatile base homologous with chinoline,

found by Greville Williams in the less volatile portion of coal-tar.

CRYSTAL. A crystal is a body which has assumed a certain geometric form.

It is produced by nature, and may be obtained by art.

The ancients believed quartz to be water converted into a solid by intense cold, and

hence they called that mineral crystal froni KpiaraWos, ice. This belief still lingers,

many persons thinking that roc/c crystal is, in fact, congealed water. The term crystal

is now applied to all solid bodies which assume certain regular forms.
_
A crystal is

any solid bounded by plane surfaces symmetrically arranged. Each mineral has its

own mode of crystallisation, by which it may be distinguished, and also its own pecu-

liarity of internal structure.

We may have a mineral in a considerable variety of external forms, as pyrites, in

cubes, octahedrons, dodecahedrons, &c. ; but these are all related to a single type—

the cube. Thus galena, whatever external form it may assume, has an internal

cubical structure. Fluor-spar, usually occurring in cubical forms, may be cleaved

into a regular octa,hedron. A little reflection will enable the student to see that

nature in her simple arrangements maintains an unvarying internal type, upon which

she builds up her varying and beautiful geometric forms. There are certain imagi-

nary lines which are called the axes of the crystal : these may bo

Rectangular and cg^cal, as in the cube.

Bectangular and one unegtoal, as in the right square prism.

Eectangular and three unequal, as in the right rectangular prism.

The three axes unequal, vertical inclined to one of the lateral, at right angles to the

other, two lateral at right angles with one another, as in the oblique rhombic pnsm.

The three axes tmequal and all the intersections ollique, as in the doubly oblique

^"Sree equal lateral axes intersecting at angles of 60° aiul a vertical axis of varying

Icnqth at right angles with the lateral, as in the hexagonal prism.

Upon these simple arrangements of tlio axial lines all the crystalhne forms depend,

the particles of matter arranging themselves around these axes according to some law

of polarity which has not yet been developed. Eor an outline of Crystallograpliy, see

Watts's ' Dictionary of Chemistry.'

CRYSTAI.. A name given to flint glass. See Flint Glass.

CUBE ORE. ( Wurfclerz, Ger. ) A common name for Pharmacosiderite :
a hydrous

arsenate of sesquioxide of iron, occurring in some of the Cornish copper-mines, and in

Saxony, in the form of small cubes, generally of a green colour.
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CXTBXC NITRE. Native nitrate- of soda, or Chili saltpetre. The name is

supposed to refer to the form of the crystals, which, however, are rhombohedra and
not cubes. The mineral is used in the preparation of nitric acid and of nitre.

CUBBEAR. This coloiu-ing matter was first made an article of trade by Dr.
Cuthbert Gordon, from whom it derived its name ; and was originally manufactured
on a great scale by Mr. G. Mackintosh, at Glasgow, nearly 80 years ago.

It is prepared in the same manner as archil, from the same s^Decies of lichen
; only,

towards the end of the process, the substance is di'ied in the air, and is then ground to
a very fine powder. See Abchil ; Litmus.

CirXiXiE'r. Broken refuse glass.

CUI^IVI, a term applied to antliracite or coal-stone in some districts. It is still
used in Parliamentary returns. See Anthracite.
CUraXBin-E, C'-H'^N (CH'^lff). An alkali homologous with aniUne, formed by

Nicholson by th* action of reducing agents on nitrocumole. Its density is 0'9o''6 and
its boiling point 437°.

'

CVmXN SEED, The fruit of the Cuminwni Cyminum. This plant is much cul-
tivated in Sicily and Malta for the sake of the seeds. These have a warm aromatic

.
taste, and a strong and rather agreeable smell. The Dutch sometimes flavour their
cheese with cumin seed. In Germany they are put into bread; and in this country
thoy arc employed to flavour curries.

CUI«OIiB, or CimeHe, Hydriu^et of Cumenyle, C'^H'^ (C'H'^) A hydrocarbon
found in coal naphtha

;
it is also produced by the destructive distillation of cumiuic

acid vnth caustic baryta. See Naphtha, Coai,, and Caebueetted Hydeogen,
CUPEli. A shallow cup made of bone-ashes. See Assay
CUPEIilATIOlff. See Assaying and Sixter Refining.CUPREOUS IVIABIGAKrESE. See MANGANESE.

ma^e^^SfLituEuts'^''^'^^
flavoured with Seville orange peel, cinnamon, and

CURCUMA AWGUSTIPOIIA. The narrow-leaved Turmeric. (East IndianArrow Eoot.) This plant is bund in the forests, extending from the banks of heLena to Nagpore. At Bhagulpore the root is dug up and mbbed on a stone bed or

cb^^SrVp^i^.t™''^' 1^^^ in water ^th the hand and strained through a

Sed' for use ^hri^'ff the tikor (fecxda)Uiied for use. The East Indian arrow-root is a fine white power readilydistinguishable both to the eye and the touch, from West Indian arrow-riot To theeye It s^ewhat resembles a finely-powdered salt (as bicarbonate of soda or Eochelle

nf 7?'v
^'"'^"^ °' P'^^'f ^^^ts the firmness so character s c

EetwetSgrrSvT'
°" ^^^^^^^^ -t-t

CuSTlwrsSo^^r^ ^ ^^'S^VOTtion of the diet of the inhabitants.CURMWG STOKTE. A stone used in Scotland in playing the national eame

IkK™ f""" *» I>™p-Ptat(0«»«4i» grown in

Coriander seeds powdered
"

Black pepper „
^ ounces

Cayenne pepper „
Fenegric seeds

.,

Cumin seeds

Turmeric root
To bo thoroughly well mixed together!

Coriander seeds powdered
Tenegric seeds „ 'i

'

Cumin seeds "
f
of ^ach

Black pepper ','

i

Turmeric root „ J" of each

Cayenne pepper
Ginger root „

Well mix.

1 a pound

2 ounces

4 ounces

6 drachms'
1 ounce
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CURAirilffG or XIBATHXSR {Coiroyer, l''r.
; ZiiricJiieu, Ger.) is the art of

dressiug skins al'tor thoy aro tiinuud, in order to rondor them fit for tlio purjiose of
tho shoe-makor, coacli-makor, harnobs-maker, &c. Soo Leatiikk, Cuuuyino ok.
CXTSCUS ROOT. A gnib.s •yvlncli yii^lds a fragraut essential oil, called Vitcver.

CUSPilRlil BAJtlC. Tho bark of a South American tree, tho Galijpea Ctcsparia,

nuicli estoomod for its medicinal properties.

CTTTCH or Kutch. Tho catechu of the Acacia Catechu. Soo Acacia Catechu.
CUTIiERY. {Coutellcrie, Ft.

;
Mcsscrnckmicdwaare, Ger.) Tlirce kinds of steel

aro mado use of in the manufacturo of different articles of cutlery, viz., common steel,

shear steel, and cast steel. Shear steel is exceedingly plastic and t^jugh. All tho

edge tools -which require groat tenacity without groat hardness aro made of it, such as

tablo knives, scythes, plane-irons, &c.

Cast steel is formed by melting blistered steel in covered crucibles, with bottle gbiss,

and pouring it into cast-iron raoidds, so as to form it into ingots : tlie.se ingots are

then taken to tho tilt, and drawn into rods of suitable dimensions. No other tlian

cast steel can assume a very fine polish, and hence all the finer articles of cutlery are

mado of it, such as the best scissors, penknives, razors, &c.

Formerly cast stool could bo worked only at a very low heat; it can now be made
so as to be welded to iron with tho greatest case. Its' use is consequently extended to

making very superior kinds of chisels, plane-irons, table knives, &c.

Forging of table knives.—Two men are generally employed in tho forging of tablo

knives ; one called the foreman or maker, and the other tho striker.

Tho steel called common steel is employed in making tho very common articles

;

but for the greatest part of table knives which require a surfiice free from flaws, shear

steel and cast steel are generally preferred. That part of the knife termed the blade

is first rudely formed and cut off. It is next welded to a rod of iron about ^ inch

square, in such a manner as to leave as little of the iron part of the blade exposed as

possible. A sufficient quantity of the iron now attached to the blade is taken off from

the rod to form the bolster or shoulder, and the tang.

In order to make the bolster of a given size, and to give it at the same time shape

and neatness, it is introduced into a die, and a swage placed over it ; the swage has a

few smart blows given it by the striker. This die and swage are, by the workmen,

called prints.

After the tangs and bolster are finished, the blade is heated a second time, and the

foreman gives it its proper anvil finish : this operation is termed smithing. The blade

is now heated red hot, and plunged perpendicularly into cold water. By this means

it becomes hardened. It requires to be tempered regularly down to a blue colour : in

which state it is ready for the grinder.

Mr. Browuill's method of securing the handles upon table knives and forks, is, by

lengthening the tangs, so as to pass them completely through the handle, the ends of

which are to be tinned after the ordinary mode of tinning iron
;
and, when passed

through the handle, the end of the tang is to be spread by beating, or a small hole

drilled through it, and a pin passed to hold it upon the handle. After this, caps of

metal, either copper plated, or silver, are to be soldered on the projecting end of the

tang, and while the solder is in a fluid state, the cap is to be pressed upon the end of

the handle and held there until the solder is fixed, when the whole is to be cooled by

being immersed in cold water.
-> i j

Mr. Thomason's patent improvements consist m the adaptation of steel edges to

the blades of gold and silver knives. These steel edges are to be attached to the

other metal, of whatever quality it may be, of which the knife, &c., is made, by means

of solder in the ordinary mode of effecting that process. After the edge of steel is

thus attached to the gold, silver, &c., it is to be ground, polished, and tempered by

immersion in cold water, or oil, after being heated. This process being finished, the

other parts of the knife are then wrought and ornamented by the engraver or chaser,

A patent was obtained in 1827, by Mr. Smith of Sheffield, for roUing out knifes

In the orSary mode of making knives, a sheet of steel being provided, the blades

are cut out of the sheet, and the backs, shoidders, and feings, of wrought iron, are

attached to the steel blades, by welding at the forge The knife is then ground to

the proper shape, and the blade polished and hardened.
'

, . ,„

Instead of this welding process, tho patentee proposes to make the knives entncly

of steel, and to form them by rolling in a heated state between massive rollers
;

ho

shoulders or bolsters, and the tangs for tho handles being produced by suitable

recesses in the peripheries of the rollers, just as railway rails are formed. /\Mien

the knife is to be made with what is called a scalo tang, that is, a
.^^'O'-^'J

^.ig o

which the handle is to be attached in two pieces, riveted on tho sides of the tiing, tho
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rollers are then only to have recesses cut in them, in a direction parallel to the axis

for forming the bolster.

The plate of steel having been heated, is to be pressed between the two rollers, by

which the blades and the parts for the scale tangs will bo pressed out flat and thin,

and tliose parts wHich pass between the grooves or recess wiU be left thick or protu-

berant, forming the bolster for the shoulder of the blade. But if the tangs are to be

round in order to be fixed into single handles, then it will be necessary also to form

transverse grooves in the rollers, that is, at right angles to those which give shape to

the bolsters, the transverse grooves corresponding in length to the length of the

intended tang. When the plates of steel have been thus rolled, forming three or

more Icinves in a breadth, the several knives are to be cut out by the ordinary mode

of what is called slitting, and the blades and shoulders ground, hardened, and polished

in the usual way.
Forks are generally a distinct branch of manufacture from that of knives, and are

purchased of the fork makers by the mantifacturers of tables knives, in a state fit for

receiving the handles.

The rods of steel from which the forks are made, are about fths of an inch square.

The tang and shank of the fork are first roughly formed. The fork is then_ cut oflF,

leaving at one end about 1 inch of the square part of the steel. This part is after-

wards drawn out flat to about the length of the prongs. The shank and tang are

now heated, and a proper form given to them by means of a die and swage. The
prongs are afterwards formed at one blow by means of the stamp ; this machine is

very similar to that used in driving piles, but it is worked by one man. It consists

of a large anvil fixed in a block of stone nearly on a level with the ground. To this

anvil are attached two rods of iron of considerable thickness, fixed 12 inches asunder,

perpendicularly to the anvil, and diagonally to each other. These are fastened to the

ceiling. The hammer or stamp, about 100 lbs. in weight, having a groove upon either

side corresponding to the angles of the upright rods, is made to slide freely through
its limited range, being conducted by its two iron supporters. A rope is attached to

the hammer, which goes over a pulley on the floor of the room above, and comes
down to the person who works the stamp ; two corresponding dies are attached, one
to the hammer, and the other to the anvil. That part of the fork intended to form
the prongs, is heated to a pretty white heat and placed in the lower die, and the
hammer containing the other die is made to fall upon it from a height of about 7 or 8
feet. This forms the prongs and the middle part of the fork, leaving a very thin sub-
stance of steel between each prong, which is afterwards cut out with an appropriate
instrument called a fly-press. The forks are now annealed by surrounding a large
mass of them with hot coals, so that the whole shall become red hot The fire is

suffered gradually to die out, and the forks to cool without being disturbed. This
process is intended to soften, and by that means to prepare them for filing. The
inside of the prongs are then filed, after which they are bent into their proper form
and hardened.

_
WTien hardened, which is effected by heating them red-hot and

plunging them into cold water, they are tempered by exposing them to the degree of
heat at which grease inflames.

Penknives are generally forged by a single hand, with the hammer and the anvil
simply.

The hammer in this trade is generally light, not exceeding U lbs. The breadth
of the face, or the striking part, is about one inch ; if broader, it"would not be con-
venient for striking so small an object. The principal anvil is about 5 inches, and 10
upon the face, and is provided witli a groove into which a smaller anvil is wedged.
The smaller anvil is about 2 inches square upon the face. The blade of the knife is
first drawn out at the end of the rod of steel, and as much more is cut off along with
It as IS thought necessary to form the joint. The blade is then taken in a pair of
tongs, and heated a second time to finish the joint part, and at the same time to form
a teniporary tang for the purpose of driving into a small haft used by the grinder.
Another heat is taken to give the blade a proper finish. The small recess called the
nail-hole, used m opening the knife, is made while it is stiU hot by means of a chisel
which is round on one side and flat upon the other.

Penknives are harclened by heating the blade red hot, and dipping them into waterup to the shoulder. They are tempered by setting them side by side, with the backdownwards, upon a flat iron plate laid upon the fire, where they are aUowed to remain
till they are of a brown or purple colour.
The blades of pocket knives, and all that come under the denomination of sprineknives, are made in the same way.

oi^iiug

knh'cs.
°^ ^ ^o^eman and striker, as in making table



The rods, as they como from the tilt awabout i ipch broad, and of a thickness suffidont for tlie back of a raj '
"

Thoro IS nothing poculiar in tlio tools nwulo use of in forLnng razors • the -mvil i,

.M, l«l v'^-^f rT^'r^'^°"yP"*™ed by the hammer, and all the sizes aremade by a single hand The anvil of tho scissor-maker .veighs about 1' cwt tasures on the face, about 4 by 11 inches. It is provided ^itli two Je or iooV

nM,fl« l v^-^f rT'nr^'^°"->^P"*™"t bytbo hammer, and all tho sizes aremade by a single hand The anvil of tho scissor-maker weighs about 1' cwt
'

asures, on the face, about 4 by 11 inches. It is provided with two gates or groor the reception of various httlo indented tools termed by the workmen bossfs?

L^.Tf T'-" P^'^P*^^" ^^g"^-^ the sliank of the scissors-another for forming that part which has to make tho joint ; and a third is made use offor giving a proper figm^e to the upper side of the blade. There is also anotherTnviplaced on tho same block, containing two or three tools called beak-irons, each con-
sisting of an npright stem about 6 inches high, at the top of which a hori^ntal beak
projects

;
one of these beaks is conical, and is used for extending tho bow of the

scissors
;
the other is a segment of a cylinder with the round side upwards, containinjz

a recess for giving a proper shape and smoothness to the inside of the bow
The shank of the scissors is first formed by means of one of the bosses, above de-

scribed leaving as much steel at the end as wiR form the blade. A hole is then
punched about i inch in width, a little above tho shank. The blade is drawn out and
finished, and the scissors separated from the rod a little above the hole. It is heated
a third time, and the small hole above mentioned is extended upon the beak-irons so
as to forni the bow. This finishes the forging of scissors. They are promiscuously
made in this way, without any other guide than the eye, having no regard to their
being in pairs. They arc next annealed for the purpose of filling such parts of them
as cannot be ground, and afterwards paired.
The very large scissors are made partly of iron, the blades being of steel.

_

After the forging, the bow and joints, and such shanks as cannot be ground, are
filed. The rivet hole is then bored, through which they are to be screwed or riveted
together. This common kind of scissors is only liardened up to the joint. They are
tempered down to a purple or blue colour. In this state they are taken to the grinder.

Grinding and polishing of cutlery.—The various processes which come under this
denomination are performed by machinery, moving in general by the power of tho
steam-engine or water-wheel.

Grinding wheels or grinding mills are divided into a number of separate rooms ;

each room contains six places called troughs ; each trough consists of a convenience
for running a grindstone and a polisher at the same time, which is generally occupied
by a man and a boy.

The business of the grinder is generally divided into tlu-ee stages, viz., grinding,
glazing, and polishing.

The grinding is performed upon stones of various qualities and sizes, depending on
the articles to be ground. Those exposing much flat surface, such as saws, fenders,
&c., require stones of great diameter, while raisers, whose surface is concave, require
to be ground upon stones of very small dimensions. Those articles which require a
certain temper, which is the case with most cutting instruments, are mostly ground on
a wet stone ; for which purpose the stone hangs within the iron trough, filled with
water to such a height that its surface may just touch the face of the stone.

Glazing is a process following that of grinding : it consists in giving that degree of

lustre and smoothness to an article which can be effected by means of emery of

various degrees of fineness. The tool on which the glazing is performed, is termed a
glazer. It consists of a circular piece of wood, formed of a number of pieces in such
a manner that its edge or face may always present the endway of the wood. Were it

made otherwise, the contraction of the parts would destroy its circular figure. It is

fixed upon an iron axis similar to that of the stone. Some glazers are covered on tho

fiice with leather, others with metal, consisting of an alloy of lead and tin ; the latter

are termed caps. In others, the wooden surface above is made use of. Some of tho

leather-faced glazers, such as are used for forks, table knives, edge tools, and all the

coarser polished articles, are first coated with a solution of glue, and then covered

vAth. emery. The surfaces of the others are prepared for use by first turning the face

very true, then filling it with small notches by means of a sharp-ended hammer, and
lastly filling up the interstices ynth. a compound of tallow and emery.

The pulley of the glazier is so much less than that of the stone, that its velocity is

more than double, having in general a surface speed of 1,500 feet in a second.

Tho process of polishing consists in giving the most perfect polish to tho different



CYANIDES 1017

articles. Nothing is subjected to this operation but what is made of cast steel, and

has been previously hardened and tempered.

The polisher consists of a circular piece of wood corered with buff leather, the

surface of wliich is covered from time to time, while in use, with the crocus of iron,

called also colcothar of vitriol.

The polisher requires to run at a speed much short of that of the stone, or tlio

glazer. Whatever may be its diameter, the surface must not move at a rate exceed-

ing 70 or 80 feet in a second.

CVTTXE FZSK. MoUusea belonging to the class Cephalopoda. The internal

calcareous shell of one species {Sepia officinalis) is used as pounce. See Sepia.

CTAM'AM'ZIiXN'S. A crystalline body formed by the action of cyanogen upon
aniline. See Cyanogen.
CVANATES. The combinations of the various bases with cyanic acid, C'-'HNO-

(CHN"0). The cyanate of potash, C^NKO- (CKTKO), is employed for the prepara-

tion of artificial urea. There are two modes of preparing cyanate of potash, both of

which yield a good product : the first is that of Clemm, the second of Liebig. (1.)

8 parts of ferrocyanide of potassium and 3 parts of carbonate of potash are intimately

mixed and fused, care being taken not to urge the heat too much. The fiuid mass is

allowed to fall somewhat in temperature, but not to such an extent as to solidify ; 15
parts of red lead are then added by small portions. The crucible is now to be re-

heated with stirring, then removed, and the contents poured on to a clean iron plate.

(2.) The cyanide of potassium of commerce (prepared by the method described in the

article under that head) is to be melted in an iron crucible or ladle, and 3j parts of

dry litharge in fine powder are to be added with constant stirring. When the lead
has all collected at the bottom, the whole is poured on to an iron plate. The mass
obtained by either of the above processes is to be reduced to powder, and boiled with
repeated quantities of alcohol, until no more cyanate is extracted. This may be known
when the alcohol filtered from the residue no longer yields crystals of cyanate in cool-

ing.—C. G.W.
CYAIO-HYDRXC ACID. See Hydeocyanic Acid.
CVAiriSIiS. The combinations of cyanogen with metals or other bodies. It

is, remarked in the article Hydrocyanic Acid that cyanogen, C-N (CW) is a compound
salt-radical, analogous to the halogens chlorine, iodine, and bromine. Like the latter,
it unites with metals without the intervention of oxygen, and with hydrogen to form
a hydracid corresponding to the hydrochloric, hydriodie, and hydrobromic acids.
The cyanides are both an important and interesting class of salts. The most impor-
tant is the cyanide of potassium. The latter is formed under a great variety of
circumstances, especially where carbonate of potash is heated in contact with
carbonaceous matters. The nitrogen to form the cyanide in the greater number of
instances is principally, and in a few entirely, derived from the atmosphere. Many
chemists have experimented on this subject, and their results are by no means in
harmony

; but thus much is certain, that success or failure depends solely upon tho
circumstances under which the experiments are conducted. It has been shown that,
when carbonate of potash mixed with charcoal prepared from sugar (see Caebon) is
"exposed to a very high temperature in a current of nitrogen gas, the potash in the
carbonate is, at times, absolutely converted into cyanide, not a trace of carbonic acid
remaining. Experiments of this class, when made with animal charcoal or coal are
less conclusive because those matters contain nitrogen, Eut even then the amount
of cyanogen found is out of proportion to the quantity of nitrogen in the coal or
other carbonaceous matters. In fact, it would seem that the presence of a certain
quantity of nitrogen in the coal, &c., exercises a predisposing tendency on the
nitrogen of the air so as to induce its combination with carbon with greater facility
than would be the case if pure carbon were employed. Cyanide of potassium has
been tound on more than one occasion oozing from apertures in iron-smelting furnaces
In lact, It has been produced in such abundance at one furnace in Styria as to be sent
into the market for sale to electro-platers.

Cyanide ofpotassium is largely prepared for the use of electro-platers and o-iMersIhe proportions of the materials used are those of Liebig, who first made kno^ the

fr^T-^A .I'^f
manipulation, however, differ in the details in all laboratories

.ine tollowing method can be recommended from the experience of the author of this^rticle as giving a white and good product. It can, moreover, be worked on a veiTJarge scale. The ferrocyanide of potassium and salt of tartar are to be separately

't^'^flT'^'^^'i''^''^ The salt of tartar mnstTSfrom sulphates To 8 parts of dry ferrocyanide of potassium 3 of dry salt of tartar«re:to bo added, and the two are to be incorporated by sifting. A laJgo and sSS^:ron po IS then to be suspended by a chain from a crane in such a pSition that k.can bo lowered into the fui-naco and raised with ease ; there must also^braTarrange
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meut to enable the pot to be arrested at any desired height. The pot being lieated to

redness, the mixture is to be thrown in by small portions until the vessel is half full

;

the heat being allowed to rise gradually until the whole flows pretty quietly. During
the fusion the contents are to be stirred with a clean iron rod to promote the aggre-

gation of the spongy sediment. As soon as the rod, on being dipped into the fused

mass and removed, brings with it a piu'e white porcelain-like product, tho operation

may bo regarded as terminated, and tlie pot is to bo raised from the fire by moans of

the crane and sling in a slightly inclined position. One of the operators now holds a

large clean iron ladle under the edge of the pot, while another elevates the latter with

the aid of tongs, so that the ladle becomes filled. The contents of the first ladle are

then poured oif into another held by the assistant who tilted the pot. The latter then

pours the contents of his ladle into a large, shallow, and brilliantly clean brass basin

standing in another containing a little water so as to cool the fused cyanide rapidly.

Extreme care must be taken to prevent even the smallest drop of water from finding

its way into tho brass vessel, because on the hot cyanide coming in contact with it an

explosion would occur, scattering it in every direction to the great danger of the

persons in the vicinity. The two ladles are to be kept very hot, by being held over

tho fire until wanted, in order to prevent the cyanide from chilling until it is pourec?

into the brass basin. The latter shoidd be about 18 inches in diameter and ij deep.

It should be quite flat-bottomed. The object of so many pourings off is to prevent any

of the sediment from finding its way into the product, and thus causing black specks

in it. The pot, on being emptied as fiir as convenient, is to have the sediment

removed and a fresh charge inserted. As soon as the coke of cyanide is cool, it is to

be broken up into moderate-sized pieces and placed in dry and well closed jars.

The cyanide of potassium possesses great points of interest for the technical and

theoretical chemist. It is tho salt from which an immense number of compounds of

importance may be obtained. Very large quantities are made for the purpose of

preparing the auro- and argento- cyanides of potassium for the electro-platers and

gilders.

Aitro-cyanide offotassimn is capable of being formed in several ways. The follow-

ing are convenient processes. The selection of a mode of preparing it will depend

upon the circumstances under which the operation is situated. 1. By the battery.

This process is perhaps the most generally convenient and economical for the

electro-gilder. A bath is prepared by dissolving the best commercial cyanide of

potassium in good filtered or distilled water. The best salt is that sold imder the

name of ' gold cyanide.' A Daniell's battery of moderate size being charged, two

plates of gold are attached to wires and connected with it. The larger, which is to

be dissolved, is attached to the positive, and the smaller, which need be but the size

of a flattened wire, to the negative pole. The action of the battery is kept up until

the desired amount is dissolved. It is easy to remove the plate used, dry and weigh

it at intervals so as to know the proper time to stop the operation. 2. Teroxide

of gold (prepared with magnesia) is to be dissolved in a solution of cyanide of

potassium.

Argento-cyanide of lootassium.. This solution is easily prepared for the electro-

plater by the following process. Metallic silver is dissolved in nitric acid and
the solution evaporated to dryness. The residue is dissolved in distilled water

and filtered. To the solution cyanide of potassium, dissolved in distilled water, is

added as long as precipitation takes place, but no longer. The precipitate is filtered

off on calico strainers, and well washed -svith distilled water. It is then to be dissolved

in solution of cyanide of potassium and diluted to the desired strength. The solution

is frequently dark coloured at first, but it becomes colourless in a few hours, and
should then be filtered from a small black precipitate which will be obtained. Many
operators neglect the filtration and washing of the precipitated cyanide of silver, and

merely continue the addition of the solution of cyanide of potassium to the nitrate of

silver until the precipitate at first formed is re-dissolved. Tho first method is

however to be preferred. Some, instead of precipitating with cyanide of potassium,

do so with solution of common salt, and then, after washing oif the precipitated

chloride of silver, dissolve it in cyanide of potassium. Argento-cyanide of potassium

can also be prepared with the battery by the process mentioned under auro-cyanide of

potassium ; this method is so convenient where the proper apparatus is at hand, that

few professional electro-platers would use any other method.

CVASriDES FEBBO. See FKRKOCTANroES.
CYAxrisz: or POTASSXVIVX. See Ctantoes.

CTAM'ZN'E. A name given to CMnolinc Blue. See Chinoline Blue.

CTAXrXTB. Kyanite or Bisthcnc. A native silicate of alumina, occurring

generally in flattened prisms of a blue colour. Transparent, finely-coloured speci-

mens have occasionally been cut and polished as gem-stones, and bear some resem-
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Llance to sapphires ; the hardness, however, is considerably less, It is notable that

the hardness of cyanite varies in different faces of the same crystal—the old name
Bisthme (Si's, twice

;
aOhos, strength), having reference to this unequal resistance

which the crystal offers in two different directions.

CVATTOGEXi'. C'N (CTT). A compound salt-radical, analogous in its character

to chlorine and the other halogens. It was the first body discovered possessing the

characters of a compound radical, and the investigations made upon it and its deri-

vations have thrown more light upon the constitution and proper mode of classifying

organic substances than any other researches whatever. In consequence of its acting

in all its compounds as if it were a simple body or element, chemists generally have
acquired the habit of designating it by the symbol Cy. Like the lialoids, it combines
with hydrogen to form an acid, and with metals, without the necessity for the presence

of oxygen. For a few illustrations of its analogies \vith chlorine, &c., see Hydbo-
CYANic Acid. In the article Cyanides several of the conditions under which it is

formed have also been pointed out. The modern French chemists of the school of

Gerliardt very justly regard cyanogen in the light of a double molecule, tlius Cy Cy,

or C'N-. The reason of this is because most of the phenomena of organic chemistry
are more easily explained by the use of four-volume formulae tliau any others. This
latter mode of condensation has been shown by M. Wurtz, in his admirable work on
the compound radicals, to undoubtedly exist in the case of radicals belonging to the

strict hydrogen type, not as ethyle and its homologues ; and numerous theoretical and
experimental results are in favour of the supposition that all radicals in the free state

are binary groups.

If we assume the truth of the above hypothesis, we shall regard cyanogen in the

free state as a cyanide of cyanogen, analogous to hydrocyanic acid, which is a cyanide

of hydrogen.

Cyanogen may very conveniently be prepared by heating cyanide of mercury in a

retort of hard glass. A considerable quantity of the gas is given off, but a portion

remains behind in the state of paracyanogcn. The latter substance is a black matter,

the constitution of whicli is by no means understood. It has, however, the same
composition in the hundred parts as cyanogen itself, and is therefore isomeric with it.

Cyanogen is a colourless combustible gas, with a sharp odour. Its density is TBI.
tlieory requires for two volumes 1-80. If cooled to a temperature of between —13°
and —22'-' F., it liquefies into a transparent, colourless, and very mobile fluid, having
a specific gravity of 0'866. A little below 22° the fluid congeals to a mass resembling
ice. The flame of cyanogen is of a pale purple or peach-blossom colour.

Some of the properties of cyanogen are very remarkable, and quite distinct from
those of the true halogens. For instance, it combines directly with aniline to produce
a body having basic properties. The latter is called Cyaniline or Cyananiline, and
is formed by the coalescence of two molecules of cyanogen with two of aniline, the

resulting formula being consequently C^'H^N* (CH'^JV'). There are a variety of

singular compounds produced by the action of cyanogen and its halogen compounds
upon aniline

;
they have been studied with remarkable skill by Hofmann.—C.G.W.

CITATTOSE or Cyanosite. Native sulphate of copper.

CYAn"ITRXC ACXDi Wlien cyanate of ammonia is heated it passes into urea;

and urea by further heating may be converted into ammonia and cyanuric acid. This
acid may also be prepared by the action of sulphuric acid on melam. Cyanuric acid

contains C^H'N^O" (C^H'WO'), and at a very high temperature may be resolved into

tlirce molecules of cyanic acid.

CITBER {Cidrc, Fr. ;
Apfclwein, Ger.) : the vinous fermented juice of the apple.

The ancients were acquainted with cyder and perry, as we learn from the following

passage of Pliny the naturalist :
' Wine is made from the Syrian pod, from pears and

apples of every kind.' (Book xiv. chap. 19.) The term cyder or cidrc in French, at

first written sidrc, is derived from the Latin word sicera, which denoted all other fer-

mented liquors, except grape-wine. Cyder seems to have been brought into Normandy
by the Moors of Biscay, who had preserved the use of it after coming into that country

from Africa. It was afterwards spread through some other provinces of France,

whence it was introduced into England, Germany, and Russia. It is supposed that

the first growths of Normandy afford still the best specimens of cyder. Devonshire

and Herefordshire are the counties of England most famous for this beverage.

Strong and somewhat elevated ground, rather dry, and not exposed to the air of the

sea, or to high winds, are the best situations for the growth of the cyder apple. The
fruit should be gathered in dry weather. The juice of apples is composed of a great

deal of water ; a little sucrar analogous to that of the grape ; a matter capable of

causing fermentation with i ontact of air ; a pretty large proportion of mucilage, with

malic acid, acetic acid, and an azotised matter in a very small quantity. The seeds

contain a bitter substance and a little essential oil ; the pure parenchyma or cellular
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mombnino conKtitutes not moro tlian two per cout. of the wholo Aft^r. »i,
are gathered, they aro left in tho barn-lot? for Mtl ll^'s :^^^^some oi them in t us case, however, become .oft and brown. ThKeSel of m V
nt^'^n^ nf"?

'^"'^ '^^velopes alcohol and carbonic add - in Tns
"

quonce of wbch the cyder suffers no in ury. There is always, however, a i tieCand If this ripening goes a littlo further it is very apt to do I.ann, no withstondb;tho vulgar prejudice of the country people to tho contrary. Too much c^r^3canno be taken to separate tho sound from the spoiled apples ; for the k L; merelviurnish an acid eaven, giving a disagreeable tnste to the iice.'and hinder the cvdtfrom hning by leaving in it a certain portion of the parenchyma, which the gektboisnatter or tiie fermentation has diffused through it. Unripe apples shouldte eparated from tlie ripe also, for they possess too littlo saccharum to be properly suscep-tible of tho Acinous fermentation. ' ^ "uw-tp

Wliero cyder-making is scientifically practised, it is prepared by crushing theapples in a mill with revolving edge-stones, turned in a circular stone cistern by oneor two_ horses. When the frmt is half mashed, about one fifth of its weight of rive?water 18 added,

In some places a mill composed of two cast-iron fluted cylinders placed paraUel toeach other iinder tlie bottom of a hopper, is employed for crushing tlie apples One
ot the_ cylinders is turned by a winch, and communicates its motion in the opposite
direction by means of the flutings working into each other. Each portion of the
fruit must be passed thrice through this rude mill in order to be sufBciently mashed •

and the same quantity of water must be added as in the edge-stone mill.
'

After the apples are crushed they are usually put into a large tub or tun for 12 or
24 hours. This steeping aids the separation of the juice, because the fermentative
motion which takes place in the mass breaks down tho cellular membranes • but there
is always a loss of alcohol carried off by the carbonic acid disengaged, while the skins
and seeds develope a disagreeable taste in the liquid. 'J 'he ratting might be sup-
pressed if the apples were so comminuted as to give out their juice more readily.

After the vatting, the mashed fruit is carried to the press and put upon a square
wicker frame or into a hair bag, sometimes between layers of straw, and exposed
stratum above stratum to strong pressure till what is called a cheese or cake is formed.
The mass is to be allowed to drain for some time before applying pressure, which
ought to be very gradually increased. The juice which exudes with the least
pressxu-e affords the best cyder; that which flows towards the -end acquires a dis-
agreeable taste from the seeds and the skins. The must is put into casks with large
bungholes, where it soon begins to exhibit a tumultuous fermentation. The cask
must be completely filled, in order that all the light bodies suspended in the liquid
when floated to the top by the carbonic acid may flow over with the froth ; this
means of clearing cyder is particularly necessaiy with the weak kinds, because it

cannot be expected that these matters in suspension will fall to the bottom of the
casks after the motion has ceased. In almost every circumstance besides, when no
saccharine matter has been added to the must, that kind of yeast which rises to the
top must be separated, lest by precipitation it may excite an acid fermentation in the
cyder. The casks are raised upon gauntrees or stillions, in order to place flat tubs
below them to receive the liquor which flows over with the froth. At the end of 2
or 3 days for weak cyders, which are to be drunk somewhat sweet, of 6 or 10 days
or more for stronger cyders, %vith variations for the state of the weather, the fermen-
tation will be sufficiently advanced, and the cyder may be racked off into other casks.

Spirit puncheons preserve cyder better than any other, but in all cases the casks
should be well seasoned and washed. Sometimes a sidphur match is burned in them
before introducing the cyder, a precaution to be generally recommended, as it suspends
the activity of the fermentation, and prevents the formation of vinegar.

The cyder procured by the flrst expression is called cyder without water. Tho
cake remaining in the press is taken out, divided into small pieces, and mashed anew,
adding about half the weight of water, when the whole is carried back to the press,

and treated as above described. The liquor thus obtained furnishes a weaker cyder

which will not keep, and therefore must be drunk soon.

The cake is once more mashed up with water, and squeezed, when it yields a

liquor which may be used instead of water for moistening fresh ground apples.

The processes above described, although they liave been long practised, and liavo

therefore the stamp of ancestral Avisdom, aro extremely defectiA'c. Were the api'ilcs

ground with a proper rotatory rasp which would tear all their cells asunder, and the

mash put through tho hydraulic press in bags between hurdles of wicker-work, tho

juice would be obtained in a state of perfection fit to make a cyder superior to m;niy

wines. An experimental process of this kind has been actunlly executed in Franco
upon a considerable scale, Avitli tho best results. The juice liad tho fine flavoiu' of the
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npple, was fermented by itself without any previous fermentation .in the mash, and

afforded an excellent strong cydor, which kept well.

When the must of the apples is weak or sour, good cyder cannot be made fiom_ it

without the addition of some saccharine matter. The syrup into which pota o farina

is convertible by diastase (saccharine ferment, see Starch and Sugar), would answer

well for enriching poor apple juice.
^

i. i. ii

The value of apples to produce this beverage of good quality is proportionate to the

specific gravity of their juice. M. Couverchel has given the following table, illus-

trative of that proposition : water being 1000 :—

Juice of the green renette, queen apple {reinette verte) has a spec. grav. 109i

English renette
^"'"'^

Eed renette

Musk renette .

Fouillet rayh .

Orange apple .

Eenette of Caux

1080
1072
1069
1064
1063

1060

Cyder apples may be distributed into three classes : the sweet, the bitter, and the

^our The second are the best
;
they afford a denser juice, richer m sugar, which

clarifies well, and when fermented keeps a long time; the juice of sweet apples is

difficult to clarify; but that of the sour ones makes bad cyder. Late apples are in

general to be preferred. With regard to the proper soil for raising apple-trees, the

reader may consult with advantage an able essay upon ' The Cultivation of Orchards

and the Making of Cyder and PeiTy,' by Frederick Falkner, Esq., in the fourth

volume of the ' Eoyal Agricultural Journal.' He adverts judiciously to the necessity

of the presence of alkaline and earthy bases in the soils of all deciduous trees, and

especially of such as produce acid fruits.

CVMEXfE. C=''H" (Ci^K'*). A hydrocarbon obtained from the essential oil

of cumin {Cumimim cyminum), and from other sources. Thus it may be prepared by

the action of either chloride of zinc or pentachloride of phosphorus on camphor or on

niyristicol. The varieties of cymeue have been lately studied by Dr. Wright {Joiirn.

Chcvi. Soc, July 1873, p. 686).

CYmoitH. C^'H" (C-'H^^). Syn. Camphogen. A hydrocarbon found in oil

of cumin and in coal naphtha. See Caebubetted Hydrogen.

CYMOPHAIO'E. A variety of Chrysoberyl, which exhibits a peculiar milky or

opalescent appearance. When cut en cabochon, it shows a white floating band of light,

and is much prized as a ring stone. See ChrysobeeyI;.

CWRXTSH. A pale blue mineral coloured by copper, now considered to be a

variety of idocrase. It occurs at Tellemark in Norway.

CYSTIZVE. An alkaloid obtained from the laburnum {Cytisxis laburnum).
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